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PREFACE
The First Edition of this Textbook was conceived in the 1960s syllabus for Specialist Radiologists, the change was highly
and published in 1969. 1, like many of my contemporaries began successful from a purely practical point of view. Sales rose by

my studies in Radiology at the end of the Second World War. 300°% (from 1000 to 4000 copies per annum).

My first post as an ex military service registrar was in the The first edition of this popular text-hook was published in

Radiology Department of the National Hospitals for Nervous 1 969 and this seventh edition in still growing strongly at the

Disease at Queen Square. It was pure serendipity that I should mature age of thirty three years. Review of the last five editions

thus become associated with James Bull, the only British cover a period of exponential growth in radiological facilities and
radiologist trained in Scandinavian neuroradiological techniques, i maging. New fields were just beginning to open at the time of the
i ncluding percutaneous angiography. and at that tine representing first edition and these included ultrasound and nuclear medicine.

the most advanced aspects of radiology. Computer tomography began in the 1970s to he overtaken in the

My training in percutaneous cerebral angiography laid the 1 980s by magnetic resonance. It was generally felt that CT would
foundation for other percutaneous techniques which I was able to soon be out-moded, but the last few years have seen a remarkable
apply when appointed to St. Mary's hospital in 1952. Here again comeback from CT in the form of multi-slice spiral CT. As a
pioneer work had already begun exploiting the potential for new result the versatility, speed and scope of CT examinations has

methods in vascular surgery. been transformed.

As a result of this background we were able to publish in 1962 In general, we hope this book reflects British Teaching Hospital
the first personal monograph based on an experience of more than Practice in the field of Imaging. The ISE edition remains very
ten thousand cases. (See Ch. I5). popular with non British readers and the 6th Edition has also been

X-Rays were discovered by Roentgen in 1895, and though the translated into two further languages, Greek and Portuguese. We
i mportance of the discovery was immediately realised and widely believe that much of its success is due to the decision to
discussed the impact on medical practice was surprisingly slow. concentrate on Clinical rather than Technical aspects of our
The diagnosis and treatment of fractures and lesions of bones and rapidly expanding and evolving specialty.
joints was the first area to be thoroughly studied and surveyed. At Whilst each new edition has emphasised clinical rather then
the same tine, the dangers and potential hazards of the new rays technical progress, the student must also be aware of. and absorb.
were becoming apparent for the first time, as was the therapeutic the technical advances. The new edition therefore includes a chapter
use of X-Rays. devoted to explaining this area. Other features of this new edition

In the Post war period, paining and experience of a specialist are the complete rewriting by mainly new authors of major sections
radiologist was still a matter of considerable debate and concern. of the text. These include the Cardiac. GU. Paediatric, Small and
Broadly speaking, there were those who favoured a technical Large bowel, Major Abdominal Trauma and Intcrventional
approach and paining, usually pure scientists or physicists, and Neuroradiology chapters. Other chapters have been revised by
others who preferred a largely clinical approach with a minimum deleting obsolete material or including new material. Recent clinical
of technical training. Thus advanced paining in medicine or trends are also reflected in the revision. Thus imaging and Staging

surgery was regarded by many as essential for high quality of malignant tumors has been revised and updated in many areas.
radiology. The British Faculty of Radiologists was expanding and the opportunity has been taken to integrate the latest version of
rapidly and soon became the Royal College of Radiologists. The the World Health Organisation (WHO) reclassification on a

FRCR thus became the essential higher radiological qualification histopatholigical basis of primary cerebral tumoii s. The expansion
on a par with the MRCP or FRCS, and the DMRD was of non invasive and minimally invasive angioaraphy is monitored,
downgraded to a qualifying diploma. and discussed. However, this is to some extent balanced by the

At the time of this controversy, I took the opportunity to broaden increasing use of interventional techniques.
my experience and expertise with the MD thesis, Membership of Radiology is a graphic subject. and images and illustrations are
the Royal College of Physicians, London and Fellowship of the i ts vital tool. This edition contains no less then 5600 illustrations.
Faculty of Radiologists. This was undoubtedly the clinical, rather some 2000 of which are new.
than technical approach to radiological expertise. As in previous editions, we would remind the student that large

I n 1955 1 was appointed Editor to the Faculty .Journal, and took textbooks. like large animals, have a longer period of gestation. It

the opportunity to persuade the Editorial Board to change its i s therefore important to keep up with the current literature and

name to Clinical Radiology. Apart from showing where my own attend up to date seminars.
i nterest lay in the continual medico-political controversy between
pure scientists (mainly physicists) and clinicians which many felt David Sutton
could adversely affect the future paining and examination '_ 002
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THE UROGENITAL TRACT: ANATOMY
AND INVESTIGATIONS

J ulian E. Kabala
with contributions from Philip J. A. Robinson, Tim Whittlestone and from David Grier

regression of the inferior arteries is common and gives rise to acces-
sory renal arteries.

The kidneys come to lie in the retropcritoneal space high on the
posterior abdominal wall. They are bean-shaped with their concave
aspect pointing medially. The right kidney lies a variable distance

l ower than the left in most subjects. owing to the presence of the

liver. In quiet respiration they move up and down approximately
2-3 em but this may more than double with deep inspiration.

The hilum of the kidney is a vertical opening on the medial
aspect which contains the renal pelvis. The renal vein and one or
two branches of the renal artery pass through the hilum to enter the
kidney anterior to the renal pelvis, a further branch of' the renal

artery passing through the hilum posterior to the renal pelvis. The
hilurn also contains fat, sympathetic nerve fibres and lymphatic
channels that drain to the lateral aortic lymph nodes around the
origins of the renal arteries from the aorta.

Renal tissue is divided into a peripherally placed cortex and the

central medulla. The medulla consists of 8-16 pyramids, which
contain the descending and ascending tubules and the collecting duets.
The apex of each pyramid projects into a calyx as a renal papilla. The
cortex contains the glomeruli and the proximal and distal convoluted
tubules. The superior end of the ureter expands to form the renal
pelvis which divides into 2-4 major calyces, each of which divide into
2-l minor calyces. Each calyx is indented by a papilla, which is the

apex of a medullary pyramid. The calyces therefore have a character-
istic shape with a well-defined extension around the convexity of the
papilla (the forniees). The minor calyces drain into a major calyx via a
neck (infundibulum). Often at the renal poles (especially the upper
pole) several papillae drain into one large calyx. These are referred to
as compound calyces and are particularly vulnerable to damage from

reflux nephropathy (Fig. 29.1).
The ureter runs retroperitoneally down the anterior aspect of the

psoas muscle, separated from it by the transversalis fascia. As it
enters the pelvis it crosses over the anterior aspect of the common
iliac artery bifurcation immediately in front of the sacroiliac joint. It
descends along the lateral pelvic wall, just medial to the obturator

885

ANATOMY

The kidneys and retroperitoneum, ureters, bladder and male geni-
talia are discussed.

The kidneys and retroperitoneum

The kidneys develop from three structures which succeed each
other: the pronephros and the mesonephrie and metanephrie duets.
The pronephros develops during the 3rd week of gestation and
regresses during the 4th to the 8th week, leaving no adult correlate.
It is replaced by the mesonephrie (wolffian) duet, which develops in
males into the efferent ductules of the testes, the epididymis and
the vas deferens and in females into the epioophoron and para-
oophoron. In the 5th week the kidney begins to develop from two
separate cell lines arising from the metanephrie duet: the ureterie
bud and the metanephrie blastema. The ureterie bud develops into
the ureter, renal pelvis and (by multiple divisions of the upper end)
the calyces and collecting duets. The metanephrie blastema devel-
ops into the Bowman's capsules, proximal and distal convoluted
tubules, Henle's loops and the remainder of the renal parenchyma.
The division of the ureterie bud into calyces gives rise to the under-
lying lobar structure of the kidney, each lobe consisting of a calyx
and its associated collecting ducts and renal cortex. During devel-
opment about 14 lobes develop which fuse initially to form an
obviously lobulated kidney. Renal cortical cellular multiplication
continues in early childhood, gradually smoothing out the lobar
outline by around 5 years of age. In approximately 5% of individu-
als the lobar outline persists into adulthood.

The kidneys develop in the upper half of the pelvis and migrate
eranially during the 4th to the 8th week of gestation. At the same
time the kidneys rotate 90' medially so the renal pelves lie on the
anteromedial aspect of the kidney. Initially the kidneys are supplied
by lateral sacral branches of the aorta but during ascent they acquire
successively higher lateral branches of the aorta up to the definitive
renal arteries at the level of first lumbar disc (L1-L2 ). Failure of
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space). The perinephrie space is one of a number of spaces within
the abdomen and pelvis that are important determinants of the
direction of disease spread.

The transversal's fascia lines the inside of the abdominopelvie
cavity, including the inferior aspect of the diaphragm, the posterior
and medial surfaces of the anterior and lateral abdominal wall
muscles respectively, the anterior aspect of the spinal column, psoas
and paraspinal muscles and the superior aspect of the pelvic
diaphragm. The major organs and their associated fascia develop
within the space defined by the transversal's fascia. During embryo-
logical development, as the kidneys ascend from the pelvis the sur-
rounding (perinephrie) fascia forms a cone, with its apex superiorly.
The perinephrie fascia anterior to the kidney is often referred to as
Gerota's fascia, the posterior fascia as Zuekerkandl's fascia and the

enclosed space as the perinephrie space (Fig. 29.2). It contains the
kidney, the adrenal gland (anteromedial to the kidney on the left,
superomedial to the kidney on the right), the upper ureter and the

Fig. 29.1 Structure of the kidney. 1, Cortex; 2, compound calyx; nephrie fascia and the adjacent transversal's fascia which contains
3, minor calyx; 4, medullary pyramid; 5, papilla; 6, renal sinus; 7, renal only fat (the posterior pararenal space). This space is of interest to
pelvis; 8, infundibulum of major calyx; 9, ureter. the interventional radiologist as a potential area in which to kink a

guide-wire and mistakenly position a drain intended for the renal
i nternis, to the level of the isehial spine, from where it runs antero- collecting system. There is a more substantial space anterior to the
medially until it enters the superolateral angle of the bladder base. perinephrie spaces between the anterior perinephrie fascia and the
The vas deferens crosses over the ureter, separating it from the posterior layer of the peritoneum, the anterior pararenal space. This
bladder just before the ureters enter the bladder wall. The ureters contains the pancreas and duodenum centrally, with the ascending
run obliquely through the bladder wall for around 2 em. colon on the right and the descending on the left. These organs are

A fibrous capsule is closely applied to the renal cortex over the therefore in direct contact with the anterior perinephrie fascia.
entire kidney apart from the hilum. The kidney is surrounded by Laterally the anterior and posterior perirenal faseiae fuse with the
perinephrie fat and lies within a space partly enclosed by layers of l ateroeonal fascia at the fascia) trifureation. The lateroeonal fascia
fascia, traditionally referred to as the perinephrie space (perirenal continues laterally and anteriorly to fuse with the parietal peri-

Noordanesh Medical Publication



Fig. 29.3 Anterior relations of (A) the
right kidney, and (B) the left kidney.
1, Hepatic flexure; 2, small intestine;
3, right adrenal gland; 4, liver; 5, duod-
enum; 6, left adrenal gland; 7, spleen;
8, stomach; 9, pancreas; 10, splenic flexure.
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Superiorly (the apex of the cone of the perinephric fascia) the
perinephric space is closed. Since the perinephric fascia originally
develops as a cone around the kidneys, as they ascend it would be
expected that the perinephric spaces remain open inferiorly. This,
however, remains a matter of controversy and it has been suggested
that the anterior and posterior layers of perinephric fascia fuse
i nferiorly in the iliac fossae, closing the perinephric spaces and
forming a combined laminated fascia that continues inferiorly along
the anterolateral aspect of the psoas muscles. In routine radiological
practice the distinction does not appear to be important, as both
descriptions offer mechanisms for disease to spread from the region
of the kidneys inferiorly into the pelvic extraperitoneal spaces.

The relationships of the kidneys are as follows. Posteriorly the
kidneys lie over the psoas and paraspinal muscles and the 12th (and
on the left the 11 th) ribs. Anterosuperiorly the kidneys are in con-
tact with the adrenal glands and anteroinferiorly with the jejunum.
Anterolaterally the kidneys abut the liver, and below it the hepatic
flexure on the right (Fig. 29.3A); the spleen and below it the splenic
flexure on the left (Fig. 29.3B). The other important anterior rela-
tionship is with the duodenum anteromedially on the right and with
the pancreas and stomach anteromedially on the left.

The arterial supply and venous drainage of the kidneys are both
extremely variable. The renal arterial supply is most commonly
provided by a single lateral branch of the aorta, the renal artery,
originating at the level of the first lumbar disc. The right renal
artery has the longer course and runs posterior to the inferior vena
cava. The renal arteries run posterior to their respective renal veins.
The renal artery gives off the inferior adrenal and the renal capsular
arteries and then classically divides into three branches as it enters
the renal sinus, two running anterior to the renal pelvis, one poste-
rior. The main renal branches subsequently divide into the inter-
lobar arteries, which run centrifugally within the cortical tissue
between the medullary pyramids. At the level of the base of the
pyramids the interlobar arteries give off the arcuate arteries, which
run along the line of the corticomedullary junction.

The venous drainage mirrors the arterial tree except that the
kidneys are drained by five or six major venous branches, which
most commonly combine to form a solitary renal vein that drains

toneum. Consequently the posterior pararenal spaces are continuous
laterally with the fat-containing lateral extraperitoneal spaces (the
properitoneal fat line) which lie between the parietal peritoneum
and the transversalis fascia. Medially the posterior perinephric
fascia fuses with the transversalis fascia over the paraspinal mus-
cles, closing the posterior pararenal spaces medially. The line of
fusion between the posterior perinephric and transversalis fasciae
varies from cranial to caudal, being over the psoas muscle at the
level of the superior renal pole and, more laterally, over the quadra-
tus lumborum at the level of the inferior poles. Parts of both the
perinephric and posterior perirenal spaces therefore lie directly over
the psoas muscles, separated from them only by the transversalis
fascia. This is an important route of spread of renal disease, particu-
larly inflammatory processes, into the psoas muscle compartment
and hence inferiorly into the pelvis and the iliacus muscle.

The anterior perinephric fascia and the combined posterior peri-
nephric and transversalis fasciae run medially across the midline to
meet with the corresponding fasciae on the contralateral side. This
would imply the perinephric spaces can communicate with each
other across the midline. Observation of the extension of disease
within the perinephric space, however, shows that this does not
occur as readily as would be expected if there was free communica-
tion. This problem is overcome by considering the layers of fasciae
as laminated structures that arise embryologically from more than
one layer and in certain areas contain potential spaces and com-
munications. The anterior and posterior perirenal fasciae thicken
medially and to some extent fuse, acting as a relative barrier to
medial extension of disease. There is a potential space within the
l aminated anterior perinephric fascia (the anterior interfascial or
retromesenteric space) that can eventually transmit disease
processes across the midline. The posterior perinephric fascia is
also laminated and contains a potential space (the posterior inter-
fascial or retrorenal space). Fluid in either of these potential spaces
may track to the other and also via the fascial trifurcation into the
l ateroconal fascia. Fibrous septae are found within the perinephric
space running from the renal capsule to the perinephric fascia and
act as potential conduits between the perinephric and interfascial
potential spaces.
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i nto the inferior vena cava, also around the level of the first lumbar
disc.

The lymphatic drainage of the kidneys is to the lateral aortic
l ymph nodes around the origin of the renal arteries.

The bladder
The transversalis fascia continues inferiorly into the pelvis, where it
i s often referred to as the pelvic fascia. It lines the walls of the
pelvis and overlying muscles, notably including the obturator
i nternis laterally and the pelvic diaphragm inferiorly. The parictal
peritoneum of the abdomen also continues inferiorly and is -

reflected over the pelvic viscera and fat-containing spaces of the
pelvis, leaving most of the pelvic organs outside the peritoneal Fig. 29.5 The relationships of the prostate.
cavity. The umbilicovesical fascia is a large triangular fascia with
its apex at the umbilicus. It extends inferiorly, dividing the pre- The urinary bladder lies immediately posterior to the pubic
vesical space anteriorly from the perivesical space posteriorly and bones. When full it is roughly spherical hut when empty it approxi-
centrally. The cave of Retzius is the part of the prevesical space mates to a pyramidal shape, having an apex and four roughly trian-
i mmediately posterior to the pubis. The prevesical space continues gular surfaces: posterior (base), superior and two inferolateral. The
posterolaterally into the paravesical spaces (Fig. 29.4). These apex lies immediately behind the upper margin of the symphysis
spaces are continuous superiorly with the properitoneal fat stripes pubis and gives rise to the urachus, which is the fibrous remnant of
(lateral extraperitoneal spaces of the abdomen) and the posterior the allantois. The urachus runs superiorly in the extraperitoneal fat
pararenal spaces. The perivesical space contains the bladder, the to the umbilicus as the median umbilical ligament. The superior
urachus and the seminal vesicles. It is limited posteriorly by the surface of the bladder is covered in peritoneum and loops of ileum

reetovesical septum (reetovaginal in the female). and/or sigmoid colon. The inferolateral surfaces relate anteriorly to
The pelvic organs are supported by the pelvic floor, which is the retropubic fat and pubic bones and posteriorly to the obturator

formed by the pelvic diaphragm. This separates the pelvic cavity i nternis (superiorly) and the levator ani (inferiorly).
superiorly from the perineum inferiorly. The pelvic diaphragm con- The base of the bladder receives the ureters at its superolateral
sists of the large levator ani and the small coccygeus muscles and angles and gives rise to the urethra at its inferomedial angle. This
their covering fascia. The puboreetalis sling is a prominent part of rests on the prostate inferiorly, and the muscle fibres of the bladder
the levator ani which runs around the lateral and posterior aspects wall run continuously into the prostate. The muscle fibres are
of the anorectal junction and sweeps forward along the lateral thickened around the origin of the urethra as the (internal) sphincter
margins of the prostate and inserts into the posterior aspect of the vesicae. This area of the bladder is referred to as the bladder neck.
body of the pubis (Fig. 29.5). The bladder mucosa is thrown into folds when the bladder empties.
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and lateral aspects of the proximal urethra. The central zone lies
against the posterior aspect of the proximal urethra and encases the
transition zone posteriorly and superiorly. The peripheral zone
surrounds the central zone and the distal urethra. Radiologically the
central and transitional zones are indistinguishable and are com-
monly referred to collectively as the central gland. In young males
the largest component of the prostate is the peripheral zone (70%),
the transitional and central zones constituting 5% and 25% of the
gland, respectivcly . The zonal architecture in young males cannot
be clearly seen radiologically but it becomes more evident with
advancing years. The transitional zone is the site of development of
benign prostatic hyperplasia and with age increases in size and

eventually dominates the gland.
The prostate i s supplied by the inferior vesical and middle rectal

arteries. Venous drainage is into the periprostatic venous plexus
which communicates inferiorly with the dorsal vein of the penis
and superiorly with the perivesical venous plexus, which in turn
drains into the internal iliac veins. Lymphatic drainage is into the

i nternal iliac nodes.
The seminal vesicles are paired lobulated sacs, approximately

5 cm long in the young adult male (becoming atrophic with age),
lying on the posterior surface of the bladder. They run infero-
medially into a narrow duct which joins with the duct of the vas
deferens to form the ejaculatory duct. The ejaculatory duct pierces
the prostate to enter the prostatic urethra on the verumontanum.

The male urethra is approximately 20 cm long and runs from the
bladder neck to the external meatus, where it dilates to form the
fossa terminalis (navicular fossa). It can be considered in three
sections: prostatic, membranous and penile. The prostatic urethra is
3 cm long and runs from the bladder neck through the prostate. It is
normally the widest part of the urethra. Its most notable feature is a

l ongitudinal mound (verumontanum) along the posterior wall. At
the centre of the verumontanum is a small diverticulum (prostatic

utricle) which receives the ejaculatory ducts at its lateral margins.
The urethra exits from the prostate just above the apex to become
the membranous urethra. The membranous urethra is the shortest
( I-1.5 cm) and least distensible section of the urethra. It is enclosed
by the sphincter urethrae (external sphincter), which, along with the
deep transverse perineal muscles and their covering fasciae, form
the urogenital diaphragm. The urogenital diaphragm closes the arch
formed by the pubic hones and separates the cavity of the pelvis
from the perineum below.

The penile urethra can be subdivided into bulbar (proximal) and
pendulous (distal) sections which relate to the root and body of the
penis, respectively. The root is made up of three masses of erectile
tissue, the centrally placed bulb and paired laterally placed crura.
The bulb is attached to the underside of the urogenital diaphragm: it
encases the proximal penile urethra and is surrounded by the bulbo-
spongiosus muscle. The crura run along the posteromedial aspects
of the pubic arch and are covered by the ischiocavernosus muscles.
The bulb and the crura continue anteriorly into the body of the
penis as the corpus spongiosum and the dorsolaterally placed paired
corpora cavernosa, respectively. The urethra continues into the body
of the penis encased by the corpus spongiosum and its distal expan-
sion (the glans).

The scrotum is a pouch of skin that contains the testes, epi-
didymis and spermatic cord. It has three layers from superficial to
deep: skin, dartos muscle and Collcs' fascia (continuous antero-
superiorly with the anterior wall membranous fascia-Scarpa's
fascia). It is divided into two compartments by a midline fibrous

except over the base where it is firmly adherent to the underlying
muscle layers. This region is referred to as the trigone. The superior
border of the trigone is defined by a muscular ridge running
between the ureteric orifices (the interureteric ridge). The upper
part of the base is covered by peritoneum and lies anterior to the
rectovesical pouch (uterovesical pouch in the female), the lower
part is subperitoneal and separated from the rectum by the vasa
deferentia and seminal vesicles (vagina in the female).

The arterial supply is from the superior and inferior vesical
arteries which arise from the anterior division of the internal iliac
arteries, as described below. The common iliac arteries terminate at
the pelvic inlet anterior to the sacroiliac joints by dividing into the
external and internal iliac arteries. The external iliac artery runs
along the medial border of the psoas muscle, following the pelvic

brim to exit the pelvis under the inguinal ligament to become the
common femoral artery as it enters the leg. The internal iliac artery
enters the pelvis anterior to the sacroiliac joint with the ureter
running inferiorly and crossing it anteriorly. At the level of the
upper border of the sciatic notch the artery bifurcates into anterior
and posterior divisions. Further branches are variable but classically

i nclude the umbilical artery (giving rise to the artery to the vas
deferens and the superior vesical artery), the inferior and middle

vesicle arteries, the internal pudendal, inferior gluteal and uterine

arteries. Branches of the posterior division of the internal iliac
artery are essentially musculoskeletal, being the iliolumbar, lateral
sacral and superior gluteal arteries.

The venous drainage of the bladder is to the vesical venous
plexus, which communicates inferiorly with the prostatic venous
plexus and drains superiorly into the internal iliac veins.

Lymphatic draina g e is into the internal and external iliac lymph
nodes lying along the course of the respective arteries. These in turn
drain into the common iliac nodes. The medial chains of the exter-
nal iliac lymph nodes (obturator nodes) lie next to the lateral pelvic
walls at the level of the acetabulun. They are frequently involved
early in metastatic spread of bladder or prostatic cancers and are
therefore often referred to as sentinel nodes. Small pelvic lymph
nodes may be seen on CT and MR1 and are regarded as normal
when less than 10 mm in diameter.

The prostate has roughly the shape of an inverted rounded cone/
pyramid. It is a glandular organ enclosed by a fibrous capsule. It
contains a substantial fibromuscular component which surrounds
the prostatic urethra. It has a base, apex, anterior, posterior and two
lateral surfaces. Superiorly its base relates to the bladder. Inferiorly
i ts apex lies on the upper surface of the urogenital diaphragm.
Anteriorly it relates to extraperitoneal fat in the retropubic space
(cave of Retzius). Posteriorly the prostate is separated from the
rectum by the rectovesical septum (fascia of Denonvillier), which is
the fused walls of the inferior end of the rectovesical pouch.
Laterally the prostate relates to the puborectalis, which is an impor-
tant radiological landmark seen running backwards close to the
lateral margin of the prostate and encircling the anorectal junction.
The neurovascular bundle of the prostate lies in the angle between
these two structures (Fig. 29.5).

The classical lobar anatomy of the prostate is unhelpful. The
zonal anatomy is more useful clinically and pathologically. Three
zones are described histologically: central, transitional and peri-
pheral. The transition zone has a C shape lying against the anterior
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Venous blood drains from the posterior border of the testicle into
an extensive venous plexus (the pampiniform plexus). The pampini-
form plexus ascends within the spermatic cord with the testicular
artery and the vas deferens. Classically the branches of the
pampiniform plexus unite to form a single testicular vein (the inter-
nal spermatic vein) as it enters the abdomen via the inguinal canal.
The testicular vein runs superiorly along the posterior abdominal
wall in the retroperitoneum and terminates in the renal vein on the
left and in the inferior vena cava just below the renal vein on the
right. This, however, is extremely variable and often there are multi-
ple collaterals to the renal or retroperitoneal veins, multiple termi-
nal ostia and multiple testicular veins.

The spermatic cord runs from the testicle to the abdominal cavity
via the inguinal canal. It contains the vital supply and drainage
structures of the testicle surrounded by continuations of the three
deep fascial layers of the scrotum ((he internal spermatic, cre-
masteric and external spermatic fasciae). The contents include the
testicular artery, pampiniform plexus, lymphatic vessels and the vas
deferens. The veins are routinely visualised and are normally no
more than 1-2 mm maximum diameter.

The lymphatic vessels follow the testicular artery and vein
retroperitoneally to terminate in the first-echelon nodes (sometimes
referred to as the sentinel lymph nodes) in the upper abdomen. On
the left these are immediately lateral to the para-aortic lymph nodes
and medial to the renal lymph nodes around the level of the first to
the second lumbar vertebrae, while on the right they are in the para-
caval region just below the renal vessels around the level of the first
to the third lumbar vertebrae.

Drainage from these nodes is into the nodes between the renal
vessels and the aortic bifurcation (paracaval from the right. para-
aortic from the left and both potentially into the aortocaval cen-
trally). Drainage from these nodes is superiorly to the para-aortic
and paracaval nodes above the renal hila and extending retro-
crurally into the mediastinum. In a minority the lymphatics drain
directly into nodes at the level of the aortic bifurcation and occa-
sionally directly into the common iliac nodes. Testicular lymph
node drainage is usually to the ipsilateral nodes but bilateral
drainage may occur, more often from the right than the left. These
considerations are important when staging testicular malignancy.

The vas deferens is a muscular duct responsible for the transport
of the sperm from the testicle to the urethra. It originates from the
tail of the epididymis and leaves the scrotum in the spermatic cord.
After passing through the inguinal canal it enters the pelvis at the
deep inguinal ring, hooks round the lateral aspect of the inferior
epigastric artery and runs posteroinferiorly on the lateral wall of the
pelvis (on the obturator internis) to the level of the ischial spine,
where it turns infcromedially to run along the posterior aspect of
the bladder immediately anterosuperior to the distal ureters. The
distal vas dilates to form the ampulla. This curves inferiorly where
it joins the duct of the seminal vesicle to form the ejaculatory duct.
which joins the urethra at the verumontanum.

The standard plain radiographic imaging of the urinary tract is the
KUB (kidneys, ureters and bladder), which consists of a full

l ength abdominal film and an upper abdominal (cross-kidney) film
( Fig. 29.6). The films are taken with the patient supine using a low

I NVESTIGATIONS

septum (median raphe). Each compartment contains a testicle, epi-
didymis and proximal spermatic cord.

The testicles originate on the posterior abdominal wall around
the level of the first lumbar vertebra. They descend retroperitoneally
through the abdomen and with their associated neurovascular struc-
tures, lymphatics and ducts exit the pelvis via the inguinal canal
around the 7th to 8th month of uterine life. They are preceded by a
peritoneal diverticulum (processes vaginalis), remnants of which
may persist into adult life. As they leave the pelvis they acquire a
covering from each layer of the anterior abdominal wall which sur-
rounds the spermatic cord and the testes. The transversalis fascia
gives rise to the internal spermatic fascia, the internal oblique
muscles to the cremasteric muscle and fascia and the external
oblique aponeurosis to the external spermatic fascia. Deep to these
three layers is the tunica vaginalis. This is a serous membrane
(derived from peritoneum) with two layers: parietal, against the
i nternal spermatic fascia, and visceral, which closely invests the
testis and the epididymis. The tunica vaginalis envelops the testicle
and applies it to the posterior scrotal wall. There is a potential space
between these two layers which extends a little way along the
spermatic cord and normally may contain up to 1-2 ml of serous
fluid. In disease states a more substantial collection may be seen
(hydrocele).

The outermost layer of the testicle is the tunica albuginea, a
dense fibrous capsule. Posteriorly there is a vertical linear exten-
sion of the tunica albuginea into the testicular parenchyma (medi-
astinum of the testis). The testicle is divided into 200-400 lobules
by numerous trabeculae that extend from the mediastinum. The
l obules consist of interstitial tissue (which includes the androgen-
producing Leydig cells) and 2-4 seminiferous tubules (which
i nclude the supporting Sertoli cells) that drain via a common tubule.
These converge into a network of tubules at the mediastinum (the
rete testis) that drain via 10-15 efferent tubules out of the testicle
i nto the epididymis.

The epididymis consists of a convoluted common tubule with
supporting tissue. Its upper, mid and lower portions may be
referred to as the head, body and tail. Drainage is from the tail
i nto the vas deferens. An embryological remnant a couple of
millimetres long (so-called appendix or hydatid) may be ident-
ified related to the upper pole of the epididymis (derived from
the mesonephric duct) or the testis (derived from the milllerian
duct).

The testicle is supplied by an end artery, the testicular artery,
which originates from the aorta just below the renal artery. This
runs inferiorly along the posterior abdominal wall on the surface of
the psoas muscle and enters the scrotum via the inguinal canal
within the spermatic cord. At the mediastinum of the testis the
dominant testicular artery (sometimes referred to as the inferior tes-
ticular artery) divides into several capsular arteries which run
around the testicular parenchyma just deep to the tunica albuginea.
This layer has been referred to as the tunica vascularis. Branch
arteries run from this layer towards the mediastinum, close to which
further branching occurs, running hack in the opposite direction.
There may be an additional branch (transtesticular artery) which
enters the mediastinum directly from the testicular artery and is
often accompanied by a large vein. Before reaching the medi-
astinum the testicular artery also gives rise to the epididymal artery
and a minor testicular branch (internal testicular artery), which
enters the upper pole of the testicle and contributes to the capsular
branches.
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Box 29.1 Calcification on the KUB

Urinary tract
Renal: calculi, renal cell carcinoma, tuberculosis, arterial (atheroma or
aneurysm)
Ureter: calculi, tuberculosis, schistosomiasis
Bladder: calculi, schistosomiasis, transitional cell carcinoma

Outside the urinary tract
5 Musculoskeletal: costal cartilage calcification

Hepatobiliary: gallstones, hepatic granuloma
Pancreas: chronic pancreatitis
Adrenal: tuberculosis, Addison's disease
Spleen: granuloma
Aorta: atheroma, aneurysm
Venous: phlebolith
Uterine: fibroid
Lymphatic: calcified lymph nodes (presumed postinfective)

There are numerous causes of calcification visible on the plain
radiograph, with considerable overlap in their appearances, and a
specific diagnosis is often not possible. The more common causes
arc listed in Box 29.1. The KUB is most usefully employed as part
of an intravenous urogram (IVU) or to follow up a previously

proven calculus.

Intravenous urography
The intravenous urogram (IVU) is the classic routine investigation
of' uroradiology. With the advent of ultrasound its role is now much
diminished and its future is the subject of considerable debate as
other modalities, particularly spiral computed tomography (CT),
become more widely available. At this date, however, it is still

widely used and requires consideration. Currently the main indica-
tions are the investigation of persistent or frank haematuria, renal
and ureteric calculi (particularly prior to endourological proce-
dures), ureteric fistulas and strictures and complex urinary tract
i nfection (including tuberculosis).

The IVU consists of a series of plain films taken after adminis-

tration of an intravenous injection of a water-soluble iodine-
containing contrast medium. There is considerable variation in the
exact details of how an IVU is performed in different departments,
although there should be general agreement on the underlying prin-
ciples. Traditionally the patient was prepared with a period of 4 h
starvation and fluid deprivation and the bowel purged with a strong
laxative. Bowel preparation is now generally regarded as unhelpful
and it was unpleasant for the patient: it has now largely been dis-

pensed with. Occasionally the patient will feel nauseated after the
I VU injection and rarely there will be a severe reaction with the
need for cardiovascular and occasionally cardiopulmonary support.

With this in mind, it seems reasonable to persist with avoidance of
food for 2-4 h prior to the procedure. There has been a considerable
body of work on the potential adverse effects of intravenous
contrast on renal function and its relationship to the patient's fluid
status. Traditionally fluid was restricted prior to the IVU in order to
i mprove opacification oh the collecting system. However, it has long
been accepted that dehydration is associated with an increased risk

of nephrotoxicity, which may be permanent in patients with dia-
betes mellitus, myeloma, hyperuricaemia, sickle-cell disease and
pre-existing renal disease. The risk of irreversible damage to renal
function in a previously healthy kidney due to the contrast injection
i s very low. This appears to he further reduced with avoidance of

Fig. 29.6 The KUB. (A) Full length and (B) cross kidney films from a KUB
examination. Several phleboliths are seen in the pelvis. They are characteris-
tically smooth small rounded calcific areas with a tiny central radiolucency.

voltage technique (60-65 kV) to maximise soft-tissue contrast. The
full length filth is taken in inspiration using a 35 x 43 cm cassette
positioned with the lower border at the symphysis pubis to ensure
the urethra (particularly the prostatic urethra) is included on the
film. The cross-kidney filth is taken in expiration using a 24 x 30 cm
cassette with the lower border 2.5 cm below the iliac crests.

The outline of several anatomical structures can be seen on the
KUB, including renal, psoas and bladder outlines, much of the axial
skeleton, the bowel gas pattern and the lung bases, all of which
should he routinely inspected. A range of pathology may he
observed in these and other structures but the KUB is a relatively
unreliable diagnostic tool and, despite the occasional incidental
finding in other systems, its principal use is in the assessment of
urinary tract calculi. It is, however, extremely unreliable in the diag-
nosis of ureteric calculi, with an accuracy of only around 50%.
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Fig. 29.7 Postcontrast IVU films. (A) Immediate, (B) 5 min, (C) 15 min film with
compression producing calyceal distension; (D) full length release; (E) full length
postmicturition. The phleboliths noted on the plain films (Fig. 29.6A) are nicely
shown to lie outside the urinary tract.
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of these a routine inquiry about previous contrast exposure and
allergy is recommended before administering the contrast medium.

The injection should be through some form of indwelling cannula

or needle that can he taped into place for the duration of the investi-

gation. This allows emergency treatment to he administered if

required, or a further injection of contrast if opacification is seen to

be inadequate. There should also be a doctor (usually the radio-

l ogist) available in the X-ray department throughout the investiga-

tion. Most adverse events are likely to take place within the first

few minutes after the injection. Emergency drugs, oxygen and
resuscitation equipment should also be readily available. Treatment

of contrast reactions is discussed on page 928, as is the specific

problem of metformin interaction.
A cross-kidney film is taken immediately after contrast injection

and at 5 min after the injection (Fig. 29.7). Abdominal compres-

sion is applied as soon as the 5 min film has been taken (a variety of

devices are available for this) to inhibit ureteric drainage and

promote distension of the pelvicalyceal systems, optimising their

visualisation. A further cross-kidney film is taken at 12-15 min to

demonstrate this.

dehydration. Modern non-ionic contrast agents do not provoke an

osmotic diuresis and the degree of opacification is unlikely to be
significantly altered by dehydration. Fluid restriction should there-

fore he avoided and if there is a risk that the patient is dehydrated

before the IVU this should be corrected first.

The classical series of plain films (immediate, 5 and 15 min, full

l ength release and postmicturition) is described, with mention of
some of many potential modifications. A preliminary postmicturi-

tion plain film (KUB) is performed. This should he examined to

check exposure factors, centring and obvious pathology, particu-

l arly urinary tract calcification. Intravenous contrast is given rela-

tively rapidly by hand. The standard dose is 50 ml of 350-370

strength water-soluble contrast. Some understanding of the under-

l ying structure of water-soluble contrast agents is desirable and a

knowledge of potential adverse reactions and their treatment is

i mperative. These issues are discussed under water-soluble contrast

(p. 926). At this point it is worth emphasising some safety features.

Although modern contrast medium is exceptionally safe, there is a

small risk of serious reactions. The most dangerous of these are the

anaphylaeloid-type hypersensitivity reactions. To minimise the risks

To assist the location of potentially intrarenal opacities.
Rarely required; ultrasound and other imaging manoeuvres usually preferable

To improve definition of the renal outlines

To reduce radiation dose

• i mprove opacification of the pelvicalyceal systems if inadequate

• differentiate between overlying shadows and filling defects within the
collecting systems

• delineate the renal outlines when inadequately seen (better done with
ultrasound)

When the bladder is poorly filled on the release film (as is often the case)
delayed films of the fuller bladder may be performed.

When equivocal filling defects are seen in the bladder area oblique films
may be performed

The above additional bladder views are rarely indicated as they increase the
radiation burden to the patient and the relevant clinical problems are better
answered by ultrasound or cystoscopy. However, occasionally a small
suspected calculus in the distal ureter may be confirmed with the appropriate
oblique

I f the upper tracts have already been adequately imaged then imaging the
bladder area alone will reduce the patient's radiation burden

The preceding films may have already provided all the information required
from the investigation

Where the renal pelvis is dilated, contrast may be slow to pass into the ureter;
this can be accelerated by positioning the patient prone when the heavier
contrast will run anteroinferiorly into the ureter, often to the level of the
obstruction. Simply asking the patient to sit or stand for a few minutes first
may improve the result

If it is difficult to determine whether or not there is a small ureteric calculus,
an erect oblique radiograph of the ureter or screening the ureter in this
position may be useful on rare occasions

If suspected pelviureteric junction obstruction is being investigated and there
i s no evidence of this on the standard IVU, this manoeuvre can be performed.
It may provoke hydronephrosis and pain. It is rarely necessary if the patient is
to be investigated with radionuclide renography, as is often the case in this
situation

Plain films Additional obliques or tomograms

Nephrogram Thick slice tomogram

Omit along with the 5 min film and
take a solitary 3 min film

5 min film Second injection of contrast

1 5 min compression film Series of 1 cm thick tomograms

1 5 min release film Additional bladder views

Full length post- Bladder area only
micturition film

Omit

Prone full length film Additional view

Erect images Additional radiograph or fluoroscopy

Frusemide IVU Administration of 20mg of frusemide
i ntravenously after the 15 minute film
with a further film 15 minutes later
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increases and enhancement of the kidneys is more diffuse. Contrast
begins to appear in the calyces from around 1 min. From this time,
in good quality films, contrast may also be visible in the collecting
ducts as fine linear opacities running along the medullary pyramids
towards the calyces. This may be referred to as pyelotubular stasis

or, when less defined, as the medullary or pyramidal blush, and is a

normal phenomenon.
Contrast in the normal calyces will begin to drain immediately

into the pelvis and ureter and this phase may be referred to as the
pyelogram. The successful application of compression impedes
ureteric drainage and distends the pelvicalyceal system, producing
optimal visualisation of the pelvicalyceal system around 12-15 min.
After compression is released there is a transient increase in flow
down the ureters and the release film offers the best chance of
demonstrating the ureters. The normal ureters exhibit continual peri-
stalsis and on a single film it is uncommon to demonstrate the entire
length of both (or even either) ureters. They will often demonstrate
smoothly narrowed areas (especially at the pelviureteric junctions
and as they cross the iliac vessels in the pelvis) and more relaxed
capacious areas. This is normal and how vigorously further efforts
are made to demonstrate the entire length of the ureter depends on
the clinical situation. In most situations partial visualisation of a
non-obstructed but otherwise normal ureter is acceptable. If there is
persistent hacmaturia or abnormal cytology further efforts to demon-
strate the ureter are required and may include prone films, repeat
IVU after a short interval and/or retrograde pyclography.

Ultrasound of the urinary tract can be considered under three head-
ings: ultrasound of kidneys and bladder, ultrasound of the male gen-
italia and ultrasound of the prostate.

Kidneys and bladder Routine ultrasound of the urinary tract con-
sists of examination of the kidneys and the full urinary bladder and
is probably now the most frequently performed radiological inves-
tigation of the urinary tract. The commonest indications are
urinary tract infection and prostatism. Other indications include
haematuria, obstruction, masses, calculi, congenital abnormalities.
renal failure and assessment of transplants. It is frequently used to
guide diagnostic or therapeutic procedures. Assessment of the
postmicturition bladder volume is often also performed as part of
the same examination, especially for prostatism. Most modern
probes emit a broad band of ultrasound that can be biased towards
high (for thin patients) or low frequency, usually within the
2-6 MHz range for abdominal and pelvic work. The position of
the normal kidneys is extremely variable and the optimal window
for visualisation has to be determined for each patient. Conven-
tionally each kidney is examined subcostally from the loin with
the patient in the lateral position, the side of interest uppermost.
Often, however, complementary views can be obtained with the
patient supine with a more lateral or intercostal approach.

On ultrasound the normal renal cortex appears slightly hypo-
echoic compared to the liver and spleen. It lies as a peripheral rim
with normal invaginations (columns of Bertin) projecting inwards
between the medullary pyramids (Fig. 29.8). The pyramids are
markedly hypoechoic compared to the cortex in the first 6 months
of life, becoming less hypoechoic with ageing and in some disease
states. Corticomedullary differentiation is therefore most obvious
in young adults and children, and the hypoechoic pyramids are

Compression is routinely omitted in children and should be
avoided in a number of situations. It is contraindicated if there is an
aortic aneurysm. If the patient's abdomen is tender it should also be
avoided. This contraindication includes recent abdominal surgery
and the acute painful abdomen, the latter including renal colic. In
the case of renal colic, even if the patient can tolerate compression
it is best avoided because it is unlikely to contribute to the investi-
gation and potentially may exacerbate the tendency of the acute
obstruction to provoke extravasation of urine at the fornices. If this
does occur, however, it is not a cause for undue alarm as it is not
uncommonly encountered spontaneously in renal colic and does not
appear to be associated with adverse sequelae.

If the 15 min film is satisfactory the compression is removed and
a full length film is taken immediately to offer the best opportunity
of demonstrating the ureters. The patient is then asked to empty the
bladder and a further full length film is taken to demonstrate
drainage of the upper tract and the postmicturition bladder volume.

This classical series can he modified to deal with particular cir-
cumstances, to attempt to increase the sensitivity of the procedure
or to reduce the radiation dose to the patient. Some of the most
frequently employed modifications are detailed in Table 29.1. Three
circumstances in particular are worthy of further comment.

When there is significant acute obstruction, usually due to
calculi, there is delay in opacification of the collecting system. The
delay may be considerable, up to 24 h or more. It is then necessary
to perform the minimum number of additional films. The time inter-
val between films traditionally is approximately doubled, with films
taken at 0.5, 1, 2, 4, 16 and 24 h, as necessary; however, in order to
minimise the radiation exposure, if there is no opacification of an
acutely obstructed kidney at 30 min it is usually unhelpful to
perform the next film before around 4 h after contrast injection. A
further manoeuvre to minimise radiation dose in patients with a
strong clinical suspicion of ureteric colic is to omit all films after
contrast until a full length 15 min film is performed.

Patients with proven or suspected ureteric calculus may require
one or more follow-up IVUs. These should have the minimum
number of films required to answer the specific question, for
example a full length plain and 15 min postcontrast film may be
sufficient. It is very rarely necessary to perform an IVU on a
pregnant patient. If it is required, the radiation exposure should be
minimised. The collecting systems in pregnancy are capacious and

the ureters exhibit poor peristalsis. Consequently a single full
length preliminary film and a delayed solitary full length film
around 30-45 min may well be enough.

The stereotypical appearances of the normal IVU are as follows.
It takes approximately 12-20 s for contrast to reach the renal arter-
ies following its intravenous injection. At this stage its concentra-

tion is maximal in the vascular compartment; however, this falls
rapidly as the contrast medium begins to escape into the extracellu-
J ar compartment and also undergoes rapid glomerular filtration and
enters the renal tubules. In the first minute of the IVU healthy
kidneys (assuming a normal cardiovascular system) show diffuse
enhancement. This is referred to as the nephrogram. During the

nephrogram phase the renal size (normally at least three vertebrae
in length but no more than four) and outlines arc best seen. In

roughly the first half minute, contrast in the vascular compartment
dominates and therefore the cortex is more enhanced than the
medulla: this differentiation is sometimes visible on the immediate
film of the IVU series (but regularly visible on CT performed at

this stage). In the second half minute, contrast in the tubules

Noordanesh Medical Publication



THE UROGENITAL TRACT: ANATOMY AND INVESTIGATIONS 895

decrease substantially with age and he associated with an increase
i n the central sinus fat, a phenomenon also visible on IVU.

Doppler assessment of the renal artery flow in order to identify
significant renal artery stenosis may be requested as part of the
investigation of hypertension (discussed further under renal arterial
disease) and early in the assessment of renal transplant viability.

The pelviureteric and vesicoureteric junctions may be seen on
ultrasound, especially when diseased, but otherwise the normal
ureter is not routinely demonstrated.

Routine examination of the bladder requires it to be moderately
full. The normal bladder has a triangular shape in the sagittal plane,
and that of a square with the corners rounded off in the transverse
plane. The normal wall thickness is 2-3 mm when the bladder is
moderately full (Fig. 29.9). In the investigation of bladder outflow
obstruction an assessment of postmicturition residue is often
requested. This is fraught with inaccuracies, related as it is to the
bladder volume initially (both over- and underdistension may pre-
clude normal emptying) and variability in the shape of the bladder.
It is, however, a broadly useful tool and simple to employ. The
bladder is assumed to be roughly elliptical and the maximum trans-
verse, sagittal and craniocaudal dimensions are measured. There is
usually a volume function on the ultrasound machine that will
generate a volume from these figures, or they can he multiplied
together and by the constant for an ellipse, which is 0.533 (or
roughly a half). The prostate is routinely identified at the bladder
base, especially when enlarged. The seminal vesicles are also often
seen posterior to the bladder.

Male genitalia This investigation is most commonly requested

for assessment of the scrotum, occasionally of the penis. The
major indication for scrotal ultrasound is the investigation of mass

l esions, including a hydrocele, when there may be concern about
an underlying tumour. Ultrasound of the scrotum and groins may
also be performed to localise and assess an ectopic testicle. A
high-frequency probe, sometimes disparagingly referred to as a
small-parts probe, is used. Again, modern probes will emit a
broad range of frequencies within approximately the 7-12 MHz
range. The normal testicle is ovoid, approximately 3.5 cm in
length and 3 cm in diameter. It has a speckled intermediate
echogenicity (Fig. 29.10). The mediastinum (the invagination of
the tunica albuginea) along the posterior aspect is seen as an
echogenic line parallel to the epididymis. The lobular structure of

Fig. 29.8 Normal renal ultrasound; note the relatively hypoechoic pyra-
mids and markedly hyperechoic fat containing sinus (centrally) compared
to the cortex.

occasionally mistaken for the dilated calyces of a hydronephrosis.
Arcuate arteries can be identified in 25% of the adult population as
focal hyperechoic areas at the corticomedullary junction. The cen-
trally placed renal sinus contains the calyces, infundihula, part or
all of the renal pelvis, blood vessels, lymphatics, fibrous tissue and
fat. It is the most hyperechoic part of the kidney, owing to the pres-
ence of fat. The normal renal pelvis may be seen within the sinus
fat as an echo-free structure, especially with a full bladder in the
female. Often it will decrease in size when the patient empties her
bladder. This, and the absence of dilated calyces separating the
sinus fat, allows differentiation from hydronephrosis. Most normal
adult kidneys have a maximum length of 10-12.5 cm, although
substantial numbers of normal kidneys may be seen within the
9-13.5 cm range. Kidneys are roughly related to the patient's size
and show some decrease in length with age (especially above

80 years). A difference of 2.0 cm or more between the two kidneys
raises the possibility of unilateral disease. Measurements of renal
length on ultrasound are of the order of 0.5 cm less than on IVU,
which suffers from radiographic magnification. Although areas of
scarring and diffuse cortical loss are appreciated subjectively, it is
difficult to measure cortical thickness objectively with any degree
of accuracy. In young healthy adults cortical thickness is of the
order of 2.5-3 cm at the poles and 1.5-2.0 cm elsewhere. This may

Fig. 29.9 Normal bladder ultrasound; note the thin smooth wall and the shape approximating to a rounded-off square in the transverse view
(A) and a rounded-off triangle in the sagittal view (B).
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and seminal vesicles in infertility and (although its value is
questionable) in prostatitis. The normal prostate is roughly bean-
shaped, the concavity of the bean facing posteriorly. The transi-
tional and central zones have the same intermediate echogenicity
and are inseparable on ultrasound (Fig. 29.11). They can be
referred to as the central gland, and increase in volume and
heterogeneity with age as benign prostatic hyperplasia develops in
the transitional zone. The peripheral zone is seen as an echogenic

layer lying posteriorly. It is the site of most prostatic tumours,
which usually appear as relatively echo-poor areas. Normal pro-
static dimensions in the adult male are approximately 4 cm in the
craniocaudal and transverse planes and 3 cm in the anteroposte-

rior plane, with a maximum volume of 20-25 ml.
The seminal vesicles appear as paired lobulated echo-poor struc-

tures which often contain multiple small echo-free areas. The vasa
deferentia appear medial to the seminal vesicles and superior to the
prostate. They dilate normally near their termination (the ampul-

l ae). The periprostatic venous plexus is seen anterior to the prostate

and is of variable prominence.

Direct contrast investigations
In this group of investigations water-soluble contrast is injected via
some form of catheter directly into part of the urinary tract. The

the testicle is very occasionally identifiable, with the interlobular
septations visible as thin echogenic lines. The head (upper pole)
of the epididymis lies lateral to the superior pole of the testicle,
appears slightly more echogenic than the remainder of the epi-
didymis and has a maximum diameter of 5-I5 mm diameter. The
epididymis tapers down through the body to the tail, which has a
maximum diameter of 1-3 mm. Occasionally, small protuber-
ances are seen at the head of the epididymis or the superior pole
of the testicle and are the appendices of these structures. The
scrotal skin and subcutaneous tissue is seen as a hyperechoic

structure 5-7 mm thick.
Ultrasound of the penis is occasionally performed to assess mass

lesions of the shaft, most commonly Peyronie's disease, although
the clinical usefulness is debatable. Doppler ultrasound of the penis
i s most commonly performed in the assessment of impotence and is
discussed under the relevant section.

Prostate The prostate can be seen at the bladder base on routine

transabdominal scanning of the bladder. Apart from a rough idea
of its size, little useful information is obtained using this route.

Prostate ultrasound is performed using a dedicated medium- to
high-frequency cavity probe (predominant frequencies around
4-7 MHz) positioned within the rectum. It is used in the investi-
gation of suspected prostatic cancer, usually with multiple ultra-
sound-guided biopsies. It can also be used to assess the prostate

Fig. 29.10 Scrotal ultrasound.
(A) Longitudinal image showing
the intermediate slightly speckled
appearance of the normal testicle.
The thin ecbogenic line represents
the mediastinum of the testicle.
(B) Longitudinal view showing a pro-
minent vascular channel (linear echo-
poor structure)-normal variant.
(C) Longitudinal view showing the
body of the epididymis as a thin
echo-poor line posterior to the testi-
cle. Transverse view of the testicle
through the mid (D) and upper
(E) parts, the latter showing the bead
of the epididymis as a small area of
soft tissue adjacent to the upper pole
of the testicle.
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Fig. 29.11 Transrectal ultrasound of the prostate. (A-C) Young adult prostate. (A) Transverse section. There is a little calcification appearing as speckled
echogenicity in the periurethral area, presumed to be related to previous prostatitis and urethritis. The prostate at this age shows poor zonal anatomy.
(B) Transverse view of the normal paired echo-poor seminal vesicles. (C) Longitudinal view showing the subjacent puborectalis sling as a laminated, rela-
tively echo-poor structure. (D, E) Transverse and longitudinal views of the prostate around middle to old age. The zonal anatomy is clearly seen with a
relatively hyperechoic peripheral gland compared to the hypoechoic central gland.

Spot films should be taken prior to injection of contrast and then
of the opacified pelvicalyceal system and ureter (Fig. 29.12). The
ureteric catheter can be withdrawn to allow contrast injection at a
site of concern after adequate images have been obtained higher up.

following are considered under this heading: retrograde pyelogra-
phy, cystography, loopography, stentography and urethrography. A
further group of procedures, including antegrade pyelography, also
i nvolve direct injection of contrast into the collecting system but
because they involve a percutaneous approach they are considered
under the heading of non-vascular interventional procedures.

All of these procedures may potentially introduce infection into
the urinary tract and care should he take to use a sterile technique,
and broad-spectrum antibiotics should be administered prior to the
procedure.

Retrograde pyelography This investigation aims to optimally
opacify the pelvicalyceal system and ureter. It usually follows an
I VU and is indicated when there is persistent uncertainty about
the diagnosis, particularly if there is haernaturia and/or suspicious
cytology. It is indicated to confirm or refute the presence of one or
more filling defects within the collecting system, or to improve
demonstration of the collecting system, either when there has
been inadequate demonstration of part or all of the system or
when the IVU is normal but the abnormal laboratory findings
persist. It is occasionally used to demonstrate the lower end of an
obstructed ureter.

The urologist positions catheters within one or both ureters
cystoscopically and the patient is transferred to the X-ray depart-
ment. Under screening control 5-20 ml of a 150 strength water-
soluble iodine-containing contrast agent is injected via each
catheter in turn. It is important to avoid injecting air bubbles, which
can be mistaken for filling defects. The pelvicalyceal system and
ureter should be adequately opacified but not overdistended.

Fig. 29.12 Retrograde pyelogram demonstrat-
i ng the pelvicalyceal system and ureter down to
the vesicoureteric junction.
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Fig. 29.15 Normal stentogram demonstrating intact anastamoses
between the ureters and the afferent loop of small bowel leading to the
reconstructed neobladder.

Fig. 29.14 Normal loopogram (conduitogram). Contrast outlines the
il eal loop (which still demonstrates the typical small-bowel mucosal pattern)
and freely refluxes into both ureters.

Fig. 29.13 Retrograde pyelogram with pyelosinus extravasation due to
overdistension of the collecting system.

Overvigorous injection of contrast may lead to reflux of contrast
i nto the collecting ducts (pyelotubular reflux) and forniceal rupture
with contrast extravasation into the renal sinus (pyelosinus extrava-
sation) or more extensively into the regional lymphatics or veins
(pyelolymphatic and pyelovenous extravasation) (Fig. 29.13).

Loopography The classical urological diversion procedure is the

fashioning of an ileal conduit, i.e. the use of a loop of ileum to
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drain urine from the ureters to a cutaneous stoma. The standard
investigation for ileal conduits is the loopogram. It can be per-

formed in the immediate postoperative period to demonstrate the
i ntegrity of the surgical anastamoses, or later (after months or
years) to differentiate between reflux (common) or obstruction
(usually at the ureteroconduit junction, usually benign rather than
recurrent tumour) when dilatation of the upper tracts has devel-
oped. A Foley catheter (12-16 gauge) is positioned so that its
balloon lies a couple of centimetres into the conduit and is then
cautiously inflated so as to produce a reasonable seal without
overdistending the conduit. Between 20 and 40 ml of 150 strength
contrast is injected under direct screening to outline the conduit,
which is normally of the order of 12-15 cm long. Usually there is
free reflux into the ureters and pelvicalyceal systems. A series of
spot films are taken to record this. Obliques may he useful and the
most important areas to study are the ureteroconduit anastamoses
(Fig. 29.14). A rare complication of this procedure in patients
with spinal injuries is the development of severe hypertension
(autonomic dysreflexia) due to overdistension of the ileal loop.

Stentography Urologists routinely leave narrow gauge hollow
stents running from the ureters into reconstructed bladders or ileal
conduits in the immediate postoperative period. The stents run to
the exterior either via the urethra or a cutaneous stoma. Stent-
ography is frequently requested to demonstrate the integrity of the
distal ureteric anastamoses within a few days of surgery. Between
1 0 and 20 ml 150 strength contrast is injected under direct screen-
ing via each stent in turn, which opacities the upper tracts first,
followed by drainage around the stents down into the bladder or
diversion. Spot films are taken, again paying particular attention
to the distal ureteric anastamoses (Fig. 29.15).

Cystography Cystography can be classified into three groups:
mieturiting cystourethrography (MCUG), dynamic cystography
and simple cystography. The MCUG is primarily performed for
the assessment of vesicoureteric reflux and is therefore essentially
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Urethrography This can be performed via an ascending or
descending approach. With advances in urethroscopy these pro-
cedures are required much less than formerly. Descending ure-
thrography is usually part of the micturating cystogram and is
rarely indicated in adults. When it is performed in adults the
bladder should be adequately filled (with at least 200 ml of
1 50 strength contrast). The screening table should be positioned
erect. Imaging is performed directly anteroposterior in females
(Fig. 29.17) and in a 45° oblique projection in males (Fig. 29.18).
Males are generally used to micturating while standing, often in
unusual situations, and can manage with a bottle while screening

is performed and spot films taken of the urethra and bladder base.
Females are provided with a special drainage receptacle that is
held between the thighs.

an investigation of childhood. It is discussed in the paediatric
investigations section below. Dynamic cystography is part of the
urodynamics investigation of the lower urinary tract, and again is
discussed below in the appropriate section.

Simple cystography is a relatively frequently performed and

straightforward investigation in the adult. It is used to assess the
i ntegrity of the bladder following trauma or surgery or to inves-
tigate suspected fistulas involving the bladder (usually into the
gastrointestinal tract, occasionally elsewhere such as the vagina). In
the context of trauma the patient should be referred with a catheter
already in place (either suprapubic or urethral if the referring
surgeon can safely position one). A spot film should be obtained
before contrast is administered. Approximately 250 ml of 150
strength contrast is infused into the bladder via a giving set. This

should be done under frequent intermittent screening control so that
extravasation can he identified as soon as it occurs. When the
bladder has been filled or when extravasation is identified a spot

f il m is obtained in the supine position. Ideally 45° oblique and

l ateral spot films should be obtained but the patient will often
have significant pelvic trauma and this may not he possible. If
a C-arm is available this may be useful but external splinting
of the pelvis may degrade the images. In modern trauma manage-
ment many patients will undergo CT scanning of the abdomen and
pelvis after intravenous contrast. Under these circumstances repeat-

i ng the images of the bladder 20 min after contrast is administered

i s at least as accurate as direct contrast cystography and obviates
the need to transfer the patient to a different table for a further

i nvestigation.
When a patient has undergone radical prostatectomy or cyst-

cctomy, with preservation of the sphincter and reconstruction of
the bladder using small bowel, a cystogram is often performed
around 10 days postoperatively to demonstrate the integrity of the
surgical anastamoses prior to removal of the urethral catheter. Only

1 00-150 nil of contrast is required and the patient will often corn-
plain of fullness at a significantly smaller volume, at which stage
the infusion should stop. The patient is likely to be ambulant and
adopt easily the positions required for the full series of images
( Fig. 29.16). When a patient has a suspected vesical fistula, 250 ml
of contrast can he used to maximise the chance of demonstrating
the fistula. Again the patient usually has no trouble adopting the
required positions.

Fig. 29.17 Normal female micturating cystourethrogram showing the
typical short open-necked female urethra.

Fig. 29.16 Postprostatectomy cystogram. Supine (A), oblique (B) and lateral (C) views demonstrate a substantial extravasation arising from the right
posterolateral aspect of the vesicourethral anastamosis.
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Fig. 29.18 Descending urethrogram in a male. The entire length of the
urethra is demonstrated as the bladder empties. A post-operative urethro-
rectal fistula is present with contrast tracking posteriorly from the prostatic
beds.

Ascending urethrography is essentially confined to the male. It is
used in the investigation of trauma, stricture and fistulas. The
patient is positioned in a 45° oblique position with the dependent
hip partly flexed to provide stability and ensure the urethra is not
projected over hone. A I2-16 gauge Foley catheter is positioned
with its balloon a Couple of centimetres into the distal urethra. The
balloon is gently partially inflated to provide a seal without undue
trauma. Between 5 and 10 nil 150 strength contrast is injected
gently into the urethra under direct screening and spot filets arc
taken (Fig. 29.19). The urethra is usually easily opacifed hack to
t he urogenital diaphragm. In a minority of patients contrast will
reflux i nto the posterior urethra and bladder. Usually, however, with
ascending urethrography the prostatic urethra is not demonstrated.
Overenlhusiastic instillation of contrast into the urethra can he Fig. 29.19 The normal male ascending uretbrogram usually shows con-
painful and produce extravasation of contrast into the corpora trast flowing retrogradely as far as the junction of the bulbar and mem-
cavernosa ( Fig. 29.20). branous urethra (A). Sometimes contrast will flow into the bladder and

Female urethrography is rarely required, virtually all urethral demonstrate the prostatic urethra (B). Note the smooth filling defect of the

pathology being better demonstrated on urethroscopy or trails-
verumontanum within the prostatic urethra.

vaginal sonography.

stances permit. should have been on antibiotics for at least 24 h

Percutaneous interventional procedures prior to the procedure.
Care

should he taken to avoid overdistending
t he collecting system or any unnecessary manipulations, either of

The common feature of all these procedures is the positioning of a which may provoke hacteracmia. Less common complications
cannula or drain percutaneously into the upper urinary tract under i nclude hacmonrhage and bowel perforation. 11r the patient has
some form of image guidance. Included in this category are ante- known hepatic disease or other predisposition to coagulation
grade pyclography, percutaneous nephrostomy and nephrostograms, defects. the platelet count and prothrombin time should he assessed
antegrade stent positioning and ureteric dilatation and percutaneous prior to the procedure and ahnormalitics corrected. The risk of all
nephrolithotomy. The commonest complication of these procedures complications increases with the complexity of the procedure and
i s infection, which is occasionally fife-threatening. Where there is t he size of the cannulas and drains ultimately employed.
no evidence of infection at the start of the procedure a single intra- Percutaneous nephrolithotomy is performed under general anaes-
venous injection of a broad-spectrum antibiotic (say cefuroxime thesia but otherwise these procedures arc performed using local
750 mg i.v.) 1-6 Ii prior to the procedure should he sufficient. if the anaesthetic and are potentially painful. Adequate intravenous anal-
urinary tract is known to he infected in advance there is a real risk gesia and sedation with appropriate pulse oximetry according to
of the procedure provoking Gram-negative septicaemia and l ocal protocols are therefore required. Following the procedure the
hypotensise collapse. It is imperative the patient is then on an ade- patient requires an adequate period of observation, which usually
Ciliate course of broad-spectrum antibiotics and ideally. if circum- i nvolves at least overnight hospital admission. although simple
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Fig. 29.21 Antegrade pyelography.
The dilated pelvicalyceal system has
been cannulated with a 22 gauge
needle and opacified with 1 50
strength contrast (A). The ureter is
dilated, shows marked medial dis-
placement distally and tapers to a
complete occlusion (B).
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Antegrade pyelography This is a relatively simple procedure. It
i s used to evaluate the cause and level of ureteric obstruction in
the minority of patients in whom non-invasive imaging has not
provided the information. It may also be the first step in perform-
ing a nephrostomy or the Whitaker procedure (discussed in the
section on urodynarnics). The patient is positioned approximately
45° semiprone and the pelvicalyceal system cannulated with a
fine (22 gauge) needle. The general rule in gaining access to the
pelvicalyceal system in all these procedures is that a puncture
directly into the renal pelvis risks lacerating it. Ideally the punc-
ture should be directed through the renal parenchyma into a suit-
able calyx and then into the pelvis. Confirmation of cannulation
of the collecting system is obtained by aspirating urine. If this
appears infected, the system should be drained and infection
treated before proceeding with an antegrade pyclogram: 150

strength contrast is infused into the system to opacity it
(Fig. 29.21). If the procedure is being performed for diag-
nostic purposes, a series of spot films of the ureter down to
the level of the obstruction is taken. The flow of contrast down
the ureter can he assisted by elevating the head of the screening
table.

Percutaneous nephrostomy I n this procedure a pigtail drain
(usually 6-8F) with multiple holes is positioned in the pelvica-
l yccal system. It is indicated to drain urine from an obstructed
system. Occasionally it is used to drain unobstructed systems to
divert the urine flow and allow ureteric or vesical fistulas to heal.
There are various methods and devices available to position a
drain within the pelvicalyccal system of the kidney and the inter-
ventional radiologist is likely to be acquainted with a number of
t hem but have a preferred method for routine use. A single-stab
technique with a nephrostomy tube mounted on a cannula is avail-
able and, when successful, is the quickest method. This is most
commonly performed under ultrasound guidance, although CT or
even MRI have been used on occasion. Alternatively a sheathed
needle (18 gauge) may be positioned (under ultrasound guidance
or fluoroscopy after initial antegrade pyelogram) within the col-

Fig. 29.20 Ascending urethrogram. A vigorous infusion of 150 strength
contrast has been performed. The external sphincter has not relaxed (as is
usually the case) and the anterior urethra is therefore overdistended with
contrast extravasating and entering the corpora cavernosa.

diagnostic antegrade pyelography and some selected nephrostomies
may he performed on an outpatient basis.

The initial percutaneous cannulation of the collecting system is
usually performed under ultrasound guidance, fluoroscopy or a
comhination of both. Complex manoeuvres such as stent placement
require fluoroscopy.

The other general point worth making is the value of an adequate
i ncision in the skin. This is unnecessary if using only a line needle
( 21-22 gauge) but for most of these procedures a suhstantial
catheter will he introduced and a skin incision of at least 5-I0 mm
i s required; it should he at least 10-15 mm deep, traversing the
superlieial fascia. For pereutaneous nephrolithotomy the length of
the incision should be doubled.
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Fig. 29.22 Nephrostomy procedure using fluoroscopy and dual puncture technique. Having opacified the system through a fine-gauge needle a second
puncture is made with a sheathed needle (A). A guide-wire is advanced through this into the pelvicalyceal system (and ideally for stability into the ureter)
(B). The fine needle is removed and the sheathed needle exchanged for a dilator over the wire (C). The calibre of the dilator depends on the nephrostomy
drain to be positioned and often comes as part of a nephrostomy set. For an 8F drain a dilator of 8 or 9F is usually employed. The dilator is exchanged for
the drain, which is positioned, coiled up, in the renal pelvis (D).

angled catheter, such as a cobra, and use this and a suitable angled
guide-wire to advance into the ureter and then across the
obstructed area into the bladder. It is usual to dilate the con-
stricted area, most simply with a rigid plastic dilator, and then
position a double J stent from the pelvicalyceal system to the
bladder (Fig. 29.23).

Percutaneous nephrolithotomy Percutaneous nephrolithotomy
(PCNL) was developed as a minimally invasive alternative to
open surgery for the treatment of renal calculi. Its role has been
much reduced by the development of the even less invasive proce-
dure of lithotripsy but it maintains an important role in patients
with calculi resistant to lithotripsy (such as pure calcium phos-
phate or cystine calculi), where the size of the calculus would
preclude sucessful lithotripsy (above 2.5 cm) and/or where there
i s likely to he a drainage problem (for example ureteric stricture).
PCNL is performed under general anaesthesia; usually the patient
i s placed supine on the operating table and the urologist performs
an initial cystoscopy with a view to positioning a thin catheter
(5F) retrogradely through the ureter and into the pelvis of the
kidney containing the target calculus. The patient is then reposi-
tioned semiprone with the side of the kidney of interest rotated
approximately 45° upwards. Ideally the operating table will be
articulated to allow some degree of flexion of the patient to sepa-
rate maximally the ipsilateral subcostal margin and iliac crest.
Contrast (150 strength) is infused via the ureteric catheter to
opacify and distend the collecting system. A small amount of
methylene blue is traditionally added to assist differentiation of
blood-stained urine from a vascular puncture. Fluoroscopic
screening of the kidney should identify the optimal site for access.
This relates to the site of the stone. Calculi within the renal pelvis
and/or mid or lower pole calyces can be accessed via a mid or
lower pole calyx, which usually permits a subcostal approach.
The desired calyx can usually be brought below the costal margin

l ecting system and a conventional 35 gauge wire introduced
through the sheath into the calyces and renal pelvis. This is used
to guide one or more dilators and then the nephrostomy tube (a
pigtail drain with multiple drainage holes) into position
(Fig. 29.22). A further alternative is to position a fine wire
through an initial fine needle puncture and dilate until a cannula
sufficient to take a 35 gauge wire can be positioned.

Drainage of a perinephric or renal abcess is essentially a varia-
tion of this procedure. If the abscess is small, simple aspiration of
pus via a sheathed needle may be sufficient. A multiple-hole pigtail
drain can be positioned in a larger abscess using any of the above
techniques, most commonly as a single-stab technique under ultra-
sound or CT guidance.

Nephrostogram A nephrostomy tube is positioned for therapeutic
purposes but while it remains in position a nephrostogram can be
performed. It is indicated to assess the obstructing lesion, either to
evaluate its status (continued presence of a calculus, response of a
malignancy to treatment) or obtain further diagnostic information if
the cause of the obstruction has not yet been determined. It is also
used to monitor the progress of fistulas. It is a very similar proce-
dure to the antegrade pyelogram: 150 strength contrast is infused
into the collecting system and spot films taken of the ureter down to
the level of the obstruction. Where infection is present the proce-
dure should be deferred until this has been adequately treated.

Antegrade stenting If the cause of the obstruction is unlikely to
resolve within a few days of the pcrcutaneous nephrostomy a
ureteric stent can he positioned antegradely to relieve the patient
of an external drain. This is most often performed for malignant
obstruction. It can also be performed for non-obstructive prob-
l ems such as a postoperative ureteric fistula or anastamotic
breakdown. Under fluoroscopic guidance a 35 gauge wire is
manipulated through the nephrostomy tube into the collecting
system. It is convenient to replace the nephrostomy tube with an
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and collateral organ damage. Haemorrhage is frequent but not nor-
mally severe. It usually originates from renal parenchymal trauma
or rupture of vessels around the calyceal necks and stops relatively
readily, either spontaneously or in response to a brief period of tam-
ponade if the pelvicalyceal system fills with thrombus. More dra-
matic haemorrhage may result from damage to the vessels at the
renal hilum if the dilatation system is allowed to drift too deep into
the patient; this may be life-threatening and on rare occasions
require emergency nephrectomy. Traumatic arteriovenous fistulas
have also been reported and may produce florid haematuria and
require selective arterial embolisation. Any of the surrounding
organs may sustain damage and sequelae may include bowel perfo-
ration and pncumothorax. Although rare, these conditions should
be considered during the postoperative period. A nephrostogram is
usually performed 3-4 days after the procedure to demonstrate
normal drainage (no obstructing stone fragments or ureteric
damage) and good clearance of calculus.

Other percutaneous procedures

There are several other percutaneous uroradiological procedures
that involve techniques similar to those described above.

Having established a large percutaneous track, other forms of
endoscopic intervention can be performed. Inspection, biopsy and
ablation of are the/jul masses may he performed but is rarely indi-
cated and is associated with the risk of seeding tumour along the
access track. More commonly endoscopic pvelolvsis (endopyelo-
tomy) is performed for the treatment of pelviureteric junction
(PUJ) obstruction. A vertical incision is made through the full
thickness of the wall of the PUJ. The danger of this procedure is
the potential association of the condition with aberrant renal
arteries that cross the PUJ and are at risk when the incision is
made. They usually run anteriorly and therefore the incision
should be made posterolaterally. A preoperative search for aber-
rant renal arteries should he performed, usually with contrast CT
( CT angiography). Attempts have also been made to treat PUJ

by the anaesthetist holding the patient in an adequate inspiration
while the initial percutaneous puncture is performed. This is made
with a standard 18 gauge sheathed needle. A guide-wire (usually a
3 mm angled wire) is positioned through the needle into the target
calyx and manipulated into the renal pelvis and ideally into the
ureter. Initial dilatation to 9F is performed using plastic dilators,
and then more significant dilatation is performed up to 28-30F. At
this stage a hard plastic (Amplatz) sheath of this calibre is
positioned over the dilatation system into the collecting system.
The dilatation system is removed, allowing the urologist to gain

access to the collecting system with a nephroscope. If an upper
pole calyceal approach is required, the puncture is likely to be
above the 12th rib. This is generally safe since the pleural reflec-
tion is usually around the 11  th rib but punctures above this level
should he avoided because of the risk of pleural trauma.

Different dilatation systems are available. One of the quickest

and safest systems is a high-pressure balloon catheter that is
i nflated to 10 mm diameter with a screw-type syringe (Fig. 29.24).
Occasionally there is difficulty in completely dilating the mid part
of the balloon (usually at the level of the renal capsule) and an
ancillary method must he employed. Graded plastic dilators are
useful for this. On their own, however, multiple plastic dilators may

prove troublesome and traumatic. Multiple metal dilators that lit
sequentially over each other (telescopic dilators) are an effective
and rapid method hut should he used with care as they can cause
considerable trauma if they drift forwards during the procedure.

Once adequate access to the system has been obtained, the urolo-
gist will inspect the inside of the collecting system, identify the cal-

culus and remove it. Often the calculus must be broken up in situ,
which is performed using some form of direct contact lithotripsy
with an instrument introduced through a channel within the nephro-
scope and placed in direct contact with the calculus. After the cal-

culus has been removed a percutaneous drain is positioned within
the renal pelvis and the sheath is removed.

Major complications include infection (broad-spectrum anti-
hiotics should be administered before the procedure). haemorrhage
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Fig. 29.23 Antegrade stent positioning.
A guide-wire has been manipulated down
the right ureter to the level of the obstruc-
tion (A). Note the distal end of a previ-
ously postioned left-sided stent is visible
within the bladder. The guide-wire is
advanced across the obstruction into the
bladder. Following a dilatation step with a
long 9F dilator the stent has been
advanced along the wire so its distal end
li es within the bladder (B). Once the wire
is removed the distal end of the stent will
adopt a pigtail configuration within the
bladder. The upper end will behave simi-

l arly within the renal pelvis, provided care
has been taken to ensure the upper end
has been advanced sufficiently and does
not lie within renal parenchyma.
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Fig. 29.24 Percutaneous nephrolithotomy. A faintly opacified staghorn calculus is present (A). A retrograde catheter is in position. After the system is
opacified and dilated via the retrograde catheter a sheathed needle is used to cannulate one of the calyces (B). A guide-wire is advanced through the
sheath into the calyx and manipulated into the renal pelvis adjacent to the calculus (C). An initial dilatation step is performed with an 8F dilator over the
wire (D). A high-pressure balloon is positioned with its distal end in the collecting system. As it is inflated a waist at the level of the renal capsule is often the
l ast part to dilate (E). Following inflation an Amplatz sheath is positioned over the balloon (F-example from a second patient). The balloon is deflated and
removed, allowing the urologist access to the calculus. After the procedure fluoroscopy demonstrates adequate clearance of the stone (G).

Perculaneous renal cyst asp iration for - diagnostic purposes. Once

common. is now relatively rare. as Faith modern cross-sectional

i maging the vast majority can be confidently
categorised

as benign .

obstinelion with balloon dilatatlion , either via antegrade (through

a percutaneous track) or retroerade approaches, but the success

rate is controversial.
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Fluid can be aspirated under ultrasound, CT or MRI guidance from sion of the channel to the balloon, which may occur in long-term
complex cysts where there is a concern about potential malignancy. catheters. An initial attempt to clear the channel with the stiff end of
This is a simple procedure performed on an outpatient basis using a a guide-wire should be made, as this may solve the problem. If this
thin (21-22 gauge) needle and followed by a brief period of post- fails, a line needle can be introduced under ultrasound guidance
i ntervention observation (Fig. 29.25). Simple cysts are virtually through the anterior pelvic wall into the bladder and into the
always asymptomatic but on rare occasions the patient and the catheter balloon, puncturing it (often quite dramatically) and
referring urologist put forward a reasonably convincing argument deflating it, allowing the catheter to be removed.
that a particular cyst, often large, is causing distressing loin pain. It
is straightforward to position a needle within the cyst, usually under Lithotri s
ultrasound guidance, and aspirate to dryness. This can be very time-
consmning with a narrow-gauge needle and a plastic sheathed Extracorporeal shock wave lithotripsy (ESWL) is the technique of

1 8 gauge needle is recommended. When the cyst has been aspirated shattering urinary tract calculi into fragments of 3 mm diameter or
to dryness, a sclerosant can be infused into it to prevent recurrence. l ess with high-power ultrasound (shock waves). The resultant frag-
Absolute alcohol has been used but it is recommended that the ments are then passed in the urine. Early ESWL machines caused
needle is replaced by a small pigtail catheter to secure the position considerable discomfort to the patient and were relatively ineffi-
and drain the sclerosant after It) ruin. Contrast should also be cient, requiring multiple sessions to obtain an adequate response.
i njected into the cyst first to demonstrate the absence of extravasa- Conventional machines are much better tolerated (although this
tion (into the retroperitoneum, collecting system or vascular com- varies between patients) and achieve satisfactory results more
partment). Arguably, a safer alternative is tetracycline (100 mg). rapidly. Renal calculi above 25 mm diameter respond to ESWL

Percutaneous renal biopsy i s easily performed under ultrasound, poorly because of the numerous fragments that are produced. These
CT or MRI guidance. A core of tissue is obtained using a cutting may remain predominately in the upper tract and provoke subse-
needle. It is indicated in the assessment of diffuse renal disease. It is quent stone reformation or overwhelm ureteric drainage and lead
not routinely indicated for renal masses, which are usually charac- to obstruction. They are often better treated with nephrolithotomy.
tensed by cross-sectional imaging, but is useful in selected cases, Shock waves are directed at the calculus under fluoroscopic or
for example when there is metastatic malignancy with a solid renal ultrasound guidance. Although ureteric and renal calculi can be
mass. These situations may warrant treatment with interferon for treated with ESWL, a distal ureteric calculus may become difficult
renal cell carcinoma but alternative chemotherapy for other malig- to image and inacessible to the shock waves if it comes to rest ante-
nancies and histological characterisation is required. Similarly, rior to the sacrum.
renal bed masses following nephrcctorny or malignancies of Prior to ESWL, patients undergo IVU examination, partly to
unknown histology invading the kidney may require guided biopsy assess the stone burden but more importantly to demonstrate ade-
using similar techniques (Fig. 29.26). quate urinary drainage. If this is impaired (say due to ureteric stric-

Percutaneous procedures targeted to the bladder are less tures or bladder wall hypertrophy), the passage of the calculus
common because urologists have good access to the bladder lumen fragments will be difficult and painful obstruction is likely to follow
cystoscopically and are also confident at inserting suprapubic treatment. Under these circumstances passage of a double J stent
catheters clinically. Occasionally radiologists are involved in ultra- retrogradely prior to ESWL may be necessary, or treatment of the
sound-guided catheter placement and should he aware that the calculus with nephrolithotomy may be preferred.
bladder wall is remarkably tough. For this reason, puncture of the Usually the stone fragments pass without trouble but in up to 10%
full bladder with a sheathed needle, positioning of a stiff guide-wire of cases there may be some degree of ureteric obstruction, as multiple
i nto the bladder and multiple dilatation steps may he preferred to a stone fragments build up in the distal ureter (referred to as steinstrasse
single-stab technique. A simpler and quicker procedure that radio- or stone street). This situation usually resolves with analgesia and an
logists are required to perform from time to time is deflation of the adequate fluid intake but in approximately a quarter of cases rctro-
balloon of an indwelling catheter. The problem arises from occlu- grade stenting or nephrostomy insertion is required.

Fig. 29.26 CT-guided biopsy. An 18 gauge cutting needle has been posi-
tioned in a solid mass in the right renal bed under CT guidance. The core of
tissue obtained confirmed recurrent renal cell carcinoma.

Fig. 29.25 Percutaneous cyst aspiration. A 22 gauge needle has been
postioned within a heavily calcified cyst under CT guidance for diagnostic
aspiration.
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The only other common complications are failure of treatment
(inadequate fragmentation or poor clearance of fragments and sub-
sequent reaggregation) or rapid recurrence of calculus, presumably CT has a wide variety of indications, including the characterisation

related to residual fragments acting as a nidus. Less common com- of renal masses. staging of urinary tract tumours and the assess-

plications include renal contusion, perinephric haemorrhage, frac- meat of inflammatory and traumatic processes, calculi and the

tare due to misdirected shock waves (usually of a transverse causes of obstruction. It is also used to direct biopsies and the posi-

process) and possibly an increased incidence of long-term tioning of percutaneous drains. It may also be used to assess renal

hypertension. artery stenosis. Protocols vary between institutions but should
conform to the same principles. They are tailored towards the clini-
cal problem and common protocols are described below.

The gastrointestinal tract should be opacified before imaging for

Renal angiography This procedure originally developed a role in
renal masses: 40 ml of 150 strength (or 20 ml of 300 strength)
water-soluble iodine-base contrast diluted to I litre with fruit

the assessment of renal masses (particularly suspected renal cell car-
squash taken orally half an hour prior to the scan is a suitable proto-
col. An initial plain scan from the dome of the diaphragm to the

lesions, such as arteriovenous malformations and fistulas and aber
iliac crests is performed, a suitable protocol being collimation of

rant or accessory renal arteries in patients undergoing live kidney
8 mm, pitch of 1.5 and slice thickness of 7-8 mm. This is repeated

donation. The vast majority of this diagnostic role (particularly the
after an intravenous injection of contrast. The tinting is important,

tumour work) is now better performed by cross-sectional imaging.
aiming towards imaging the kidneys while contrast is in the renal

Renal angiography is still useful in selected cases, usually combined
veins and inferior vena cava. This is usually optimal around 20-30 s

with subsequent intervention, notably transluminal angioplasty for
from the start of the injection. With fast modern scanners 50 ml of

renal arterial stenosis or selective embolisation. The latter is per-
300 strength contrast is usually adequate. For lower tract tumours

formed for arteriovenous abnormalities and some cases of traumatic
both the plain and postcontrast scans should be from the dome of

renal damage with continued bleeding. It may also be used in some the diaphragm to the symphysis pubis. A further I litre of dilute
inoperable renal tumours as a palliative treatment for haematuria.

oral contrast taken 4 h before the scan is useful to image the large
Standard angiographic technique is employed and there is a choice

bowel and rectum. Alternatively, the same strength contrast can be
of embolisation materials, including feathered coils (Fig. 29.27),

material and absolute alcohol.
administered immediately before the scan as an enema. All patients

particulate
being investigated for malignancies should have a chest radiograph

Angiography of the bladder and prostate is also largely performed
and some departments will also perform routine CT of the chest.

as a prelude to intervention for troublesome or life-threatening CT is commonly performed as a relative emergency for sus-
haematuria, either due to inoperable tumour or postsurgical (usually pected acute urinary tract problems. When CT is performed for
transurethral prostatectomy) bleeding (Fig. 29.28).

urinary tract calculi, both intravenous and oral contrast are

Inferior vena cavography This procedure is obsolete for the
avoided. Relatively narrow collimation (5-7 mm) with a pitch of
1.5-2.0 is recommended, bearing in mind that excessively narrow

assessment of vascular spread of renal cell carcinoma.
Occasionally renal phlebography is performed to obtain blood for

collimation increases the radiation close to the patient. Using the

hormone renin assay. Testicular phlebography is per-
wider collimation and higher pitch does not appear to significantly

(Usually ) y'
p

° p
y

p reduce the accuracy of the scan. The mAs should also he kept to a
formed as a prelude to testicular vein embolisation for the treat-

minimum. In the context of trauma, a protocol similar to the post-
ment of varicoceles (Fig. 29.29). Although either the femoral or nephrogram phase described above for the investigation of renal
jugular vein can be used to gain access to the inferior vena cava, it masses is suitable. Repeat scanning after 6-8 min may demon-
i s pleasanter for the patient to work from the groin; with modern specially if there is suspected
l ow-friction catheters and wires, gaining access to the renal vein

strate urinary extravasation, e
ureteropelvic disruption. In the assessment of renal or perinephric

and then the testicular vein from the direction of the femoral vein
s rarely a problem. It has to be emphasised, however, that the tes-

abscess, 8 mm slices are obtained prior to intravenous contrast and
then again during the nephrogram phase. Opacification of the gas-

ticular vein is very prone to spasm if excess catheter and wire
trointestinal tract with dilute oral contrast is useful in these cases.

manipulation is performed, and this may preclude a successful Spiral CT with a contrast infusion and relatively narrow collima-
outcome. The success rate of embolisation of the testicular vein tion and image reconstruction (for example 3 mm and 1.5 mm
(usually with metal coils) is of the order of 80%, which is compa-
rable

respectively; pitch of 1-1.6) is suitable for demonstration of the
with surgery, the radiological procedure having a substan-

tially lower morbidity.
renal arteries and major branches in the assessment of renal artery
stenosis or in the preoperative work-up of patients for partial

Abnormalities of penile vascular supply are an important cause
nephrectomy.

of erectile dysfunction and have been assessed with pudenda)
angiography, cavernosography and duplex ultrasound. These are

The normal renal parenchyma is of intermediate density, measur-
ing between 30 and 60 HU (Fig. 29.30). The renal sinus and

discussed in Chapter 32. perinephric fat are low density, around -10 to -50. Following intra-

Vasography I n this procedure the vas deferens is exposed surgi- venous contrast the cortex enhances more rapidly than the medulla,

cally in the scrotum and cannulated. Two to three millilitres of appearing more dense from around 20 s to 60 s when there is

water-soluble contrast is injected into the vas and spot films are maximum corticomedullary differentiation. Around 60-180 s the

taken to demonstrate areas of narrowing and occlusion. Its use in renal parenchyma becomes homogeneously high density, around

the investigation of male infertility is described in the appropriate 80-120 HU. After this, contrast appears in the collecting system.

section in Chapter 32. The ureter can he identified as it runs retroperitoneally along the
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Fig. 29.27 Right renal angiogram showing a small upper pole accessory artery (A). Selective cannulation of the dominant renal artery demonstrates a
small peripherally placed renal cell carcinoma (B). A larger renal cell carcinoma is shown on this left renal angiogram (C) with a characteristic malignant cir-
culation (irregular disorganised vessels). Selective embolisation of part of the renal cell carcinoma has been performed (D).
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Fig 29.28 Pelvic angiography and tumour embolisation. The left internal iliac artery has been cannulated, by manipulating a catheter from the right

femoral artery across the bifurcation, and its two major divisions (anterior and posterior) demonstrated (A). The patient is suffering severe immediate post-
prostatectomy haemorrhage. A coil has been positioned in the anterior divison (B) and the subsequent angiogram demonstrates successful obstruction of

flow in this vessel (C). It is rare actually to demonstrate the bleeding point and, given the life threatening situation, it is often worth embolising both sides.
Consequently in this case the right internal iliac artery has also been cannulated from the same femoral artery (D) and the anterior division of the internal
iliac selectively cannulated (E). This injection shows the inferior vesical artery from which most of the bleeding is probably occurring and therefore this has
also been occluded with a coil (F) (see over)
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Fig. 29.28 (F) with satisfactory clinical response.

Fig. 29.29 Testicular vein embolisation. The left renal vein has been cannulated via
the inferior vena cava (A). A testicular phlebogram performed once the catheter has
been advanced down the testicular vein reveals a double testicular vein with multiple

origins unprotected by valves, one of a number of variants associated with varicocele
formation (B). The upper end of the varicocele is just visible once the catheter has
been advanced to the inguinal ring (the varicocele itself should not be screened, to
avoid irradiating the testicles) (C). The main testicular vein is occluded with multiple
(2-4) coils along its length. Two are illustrated here (D). The most important is the
distal one that also occludes the entry of the accessory testicular vein.
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Fig. 29.30 Transverse CT through the midpart of the kidneys. Prior to
contrast the kidneys are of intermediate density (A), similar to liver, spleen
and blood vessels. During the nephrogram phase the cortex is seen to
enhance earlier than the medullary pyramids (B).

Fig. 29.31 Contrast-filled ureters entering the pelvis at the level of the
iliac crest, running along the anterior aspect of the psoas muscles (A) and
then around midsacral level crossing the iliac vessels and beginning to turn
anteriorly (B).

Fig. 29.32 CT of the pelvis showing the distal ureters just above the vesi-
medial aspect of the psoas muscle, especially when dilated or con- coureteric junctions lying anterior to the seminal vesicles (A). The right
tract-filled (Fig. 29.31). ureter happens to contain a bolus of contrast at the time of the scan.

(B) shows the ureters at the vesicoureteric junctions with a jet of opacifiedAfter entering the pelvis the ureter runs posterolaterally to the
urine projecting from the right ureter into the bladder. Further interiorly

l evel of the ischial spine, where it turns anteromedially and can be the prostate is seen just projecting into the bladder base (C).
i dentified running in front of the seminal vesicles or vaginal for-
nices to reach the bladder base. The bladder is seen as a thin-walled
structure between the urine and the fat. The seminal vesicles appear
as tubular structures related to the superior aspect of the prostate,
posterior to the lower bladder and anterior to the rectum. There is a
fat plane between the seminal vesicle and the bladder (Fig. 29.32).
The prostate is usually of homogeneous soft-tissue density but often
shows multiple foci of calcification, increasingly from early adult-
hood onwards (Fig. 29.33).

On CT, normal lymph nodes are seen as soft-tissue density
similar to unenhanced renal parenchyma, homogeneous apart from
the possibility of a small area of fat at the hilum. Normal nodes are
up to 10 mm in maximum transverse diameter in the para-aortic
and iliac chains and 6 mm in the rctrocrural region. Fig. 29.33 Transverse CT of the prostate with focal calcification. The

puborectalis sling is well demonstrated as a thin intermediate-density line
encircling the anorectal junction and the prostate.

Magnetic resonance imaging
sometimes the medulla is seen to be of higher signal than cortex

On T,-weighted images the renal cortex is of similar signal inten- (Fig. 29.34). Gadolinium produces intense enhancement, the cortex
city to liver. The medulla (containing more water) is slightly lower first and then the medulla. This emphasises the corticomedullary
signal, similar to the spleen. On T,-weighted and STIR sequences differentiation, which is maximum around 20-60 s following con-
the kidneys are diffusely high signal, similar to spleen, although trast injection (Fig. 29.35). At around 60-180 s both the cortex and
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Fig. 29.35 MRI scan of the kidneys 30 s (A) and 90 s (B) following intra-
venous gadolinium showing the intense enhancement of the cortex and
then both the cortex and the medulla.

medulla are intensely enhanced and there is little corticomedullary
differentiation. Towards the end of this time contrast appears in the
calyces, initially enhancing the urine but as the concentration in

Fig. 29.34 MRI scan of the normal kidneys. On the T,-weighted sequence
(A) the renal cortex is seen to be of higher signal than the medulla. The reverse is
seen on the T2 -weighted (B) and STIR (C) sequences, with the medulla being of
higher signal than the cortex (although both are relatively high signal).

urine rises the signal intensity may fall dramatically due to the
hyperparamagnetic effect of concentrated gadolinium. This may

also be observed in the region of the apices of the medullary pyra-
minds (renal papillae), where the same phenomenon can be seen
due to the high concentration of gadolinium in the collecting ducts.

The bladder wall is seen as a thin low-signal intensity line on
T2 -weighted images adjacent to the high signal of fat outside and urine

inside the bladder (Fig. 29.36). It is seen as an intermediate signal
line on T,-weighted images, similar to urine. The bladder wall
enhances intensely with intravenous gadolinium. Differential
enhancement of urine is seen in horizontal layers as contrast is
excreted, again highly concentrated gadolinium causing a paradoxi-

cal fall in signal intensity.
Lymph nodes within the abdomen and pelvis appear as well-

defined ovoid structures of intermediate signal on the T 1

-weighted sequence and high signal on T,-weighted and STIR
sequences. A small amount of fat is occasionally demonstrable at
the lymph node hilum. Normal figures for size are the same as on

CT.
The prostate zonal anatomy is seen from about the age of

5 years, before which there is insufficient central gland for con-

trast. The peripheral gland shows high signal on the T,-weighted
sequence, compared to the intermediate signal of the central gland
(similar to skeletal muscle). The capsule is seen as a thin high-

signal line, best seen with an endorectal coil. On the T,-weighted
sequence the prostate appears as an intermediate signal mass
without visible zonal anatomy. Benign prostate hyperplasia pro-
duces nodularity and heterogeneity on all sequences, especially the
T,-weighted sequence. The seminal vesicles appear multicystic and
high signal on the T,-weighted sequence and intermediate signal on

the T i - weighted sequence.
The testes are homogeneous high signal on the T 2 - weighted

sequences, with low signal at the mediastinum and somewhat
heterogeneous high signal within the epididymis. On T,-weighted
sequences the testes and epididymis are homogeneous and interme-

diate, similar to muscle.
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Fig. 29.36 MRI of the pelvis on the T,-weighted sequence at the level of the bladder (A) and the prostate (B). The same levels (on a different patient) are
seen on the T 2 - weighted sequence (C,D) demonsrating the increased conspicuity of the bladder wall and the zonal anatomy of the prostate. Both
sequences show the puborectalis sling well. The same levels are also shown on the STIR sequences (E, F).

99
"'Tc-labelled mercaptoacetylglycylglycylglycine (MAG3) is

now usually preferred to earlier tracers excreted solely by
glomerular filtration (e.g. diethylenetriaminepenta-acetic acid.
DTPA) or by tubular secretion (orthoiodohippurate labelled with
iodine-131 or iodine- 123).

Stressing the system As with physiological investigation of other
body systems, early disease is detected with greater sensitivity and
accuracy by stressing the functions which are being investigated.
Pharmacological stress may be conveniently regarded as the
nuclear medicine equivalent of contrast enhancement in radi-
ographic imaging. Diuretics are used to increase urine flow rates

so as to reveal minor degrees of obstruction, and angiotensin-
converting enzyme (ACE) inhibitors are used to expose and
magnify the physiological disturbances associated with renal
arterial disease.

Measurement of glomerular filtration
rate (GFR)

GFR is used as a measure of global renal function in patients with
known or suspected renal disease. It is also used to help plan treat-

RADIONUCLIDE IMAGING

Philip J.A. Robinson

The investigation of renal function is a key element in the manage-
ment of most disorders of the urinary tract. Radioactive tracers that

are excreted by the kidney are used to assess renal perfusion and
excretory functions, while tracers that are retained in the kidney are
used to demonstrate renal anatomy.

The 'intact nephron' concept I n most renal disorders nephrons
behave as independent functioning units, so that when any part of
the nephron is diseased, the function of the whole nephron is
affected. Whatever the primary site of pathology, whether at arter-
i al, arteriolar, glomerular, tubular or ureteric level, the functional
deficit can be assessed by the same techniques. Exceptions to this
general rule occur in acute tubular necrosis and in some enzyme
deficiencies when filtration and excretory functions may be
dissociated.

Renal tracers Currently the most satisfactory tracer for imaging
renal anatomy is dimercaptosuccinic acid (DMSA) labelled with
technetium-99m. For investigating renal perfusion and excretion,
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Fig. 29.37 Normal
99

'°Tc-DMSA study. LPO = l eft posterior oblique;
POST = posterior; RPO = right posterior oblique.

expressed as a percentage of the total counts from both kidneys,
after background has been subtracted. With symmetrical kidneys,
this estimate can be made satisfactorily from a single posterior view,
hut with asymmetric or ectopic kidneys it is important to obtain an

anterior view and express split function as the geometric mean of
percentage counts in the anterior and posterior views. Geometric
mean is the square root of the product of the background-subtracted

i ndividual kidney counts in the two views.

Applications of DMSA scintigraphy
DMSA scintigraphy is used to locate the functioning renal tissue,
differentiate renal cortex from soft-tissue masses in or adjacent to
the kidney, to find scars or non-functioning areas of renal
parenchyma and to establish the functional contribution of an

abnormal kidney.

Renal ectopia and anomalies With horseshoe kidney
(Fig. 29.38) the lower poles of both kidneys are joined by a bridge
of renal tissue which lies anterior to the aorta and vena cava. This
causes the ureters to take a more anterior course than usual, and
there may be a degree of obstruction where the ureters cross the
bridging renal tissue. DMSA is used to assess individual renal
function, as well as to demonstrate the anatomical abnormality.
The most common location for an ectopic kidney is in the midline
of the pelvis (Fig. 29.39). Pelvic kidneys often show parenchymal
distortion or dysplasia. so again the estimation of divided renal
function offers a useful supplement to the demonstration of the
abnormal location and anatomy of the kidney. When multicystic

Fig. 29.38 Horseshoe kidney.
99

"'Tc-DMSA showing bridging renal tissue
between the lower poles of both kidneys.

ment in patients receiving ncphrotoxic drugs, e.g. some chemo-
therapeutic agents for cancer. GFR is the volume of blood from
which a solute which is wholly excreted by glomcrular filtration is

cleared in unit time, conventionally expressed as millilitres per
minute. Tracers that are excreted almost entirely by glomerular
filtration include the chelating agents EDTA and DPTA. EDTA can
be labelled with chromium-51, DTPA with technetium-99m, and
either of these radiopharmaceuticals can be used to estimate GFR.

I n order to avoid the inconvenience and potential inaccuracy of
urine collection, GFR can be estimated from serial blood samples
obtained at carefully timed intervals after injection of the tracer.
The method assumes that uniform distribution of the injected tracer
within the blood and extracellular fluid compartments occurs within
2 h after injection, and the subsequent rate of fall of activity in the
blood, corrected for radioactive decay, is proportional to the rate of
renal excretion. Assuming that the blood curve becomes linear after
the initial phase of redistribution and equilibration, extrapolation of
the linear part of the curve back to zero time will indicate the effec-
tive volume of distribution. GFR can then be calculated as the
product of the distribution volume and the slope of the linear part of
the curve.

DMSA scintigraphy

Radiopharmaceutical `'`'"'Tc-DMSA is extracted by and bound
within the parenchymal cells of the proximal convoluted tubule.
The extraction efficiency is rather low, so in the normal subject it
takes about 3 h for approximately 50% of the injected tracer to
become localised in the kidneys. Most of the other 50% is
excreted unchanged in the urine. With renal failure, more of the
i njected activity accumulates in the liver and there is then appre-
ciable biliary excretion. The state of hydration of the patient has
little influence over the kinetics of DMSA, so no patient prepara-
tion is needed. The typical adult activity of 80 MBq should be
scaled down for children according to body surface area. Adverse
reactions are very rare.

Acquisition Because the concentration of DMSA in the renal
parenchyma continues to increase while the levels in blood and in
the extracellular fluid compartment gradually decline, the opti-
mum time for imaging, with maximum kidney : background ratio,
occurs 2-4 h after intravenous injection of the tracer. Images

should be obtained at 2-3 h in children and 3-4 h in adults. For
demonstration of renal anatomy, posterior and posterior oblique
views are obtained. With marked renal asymmetry, and particu-

l arly with ectopic or transplant kidneys, an anterior view should
also be obtained.

Interpretation The resolution of the images should be sufficient
to demonstrate the demarcation of renal cortex and medulla
(Fig. 29.37). The size, shape and location of both kidneys should
be shown. Mass lesions of all types appear as non-functioning
areas. Defects, deformities or scarring of the cortex should be
recognised.

Divided renal function Because of the relatively high kidney:
background ratio. and the stability of the tracer kinetics during

the few minutes needed to acquire the images, "I'Tc-DMSA
studies offer the most accurate non-invasive method for the esti-
mation of the distribution of function between the two kidneys. The

contribution of each kidney is measured as its individual count rate
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Fig. 29.40 Bilateral Wilms' tumours.
99 mTc-DMSA study showing extens-

ive replacement of the left kidney; smaller tumour at the hilum of the right
kidney.

Fig. 29.39 Ectopic kidney. 99
mTc-DMSA study showing right kidney in

normal position; left kidney lying in the midline of the pelvis superior to the
bladder. Fig. 29.41 Post infective scarring.

99
mTc-DMSA study showing normal left

kidney; scarred right upper pole (arrows).

dysplastic kidney is suspected, DMSA scintigraphy is used to
confirm the total absence of function that is typical of this condi- more severe cases, focal scarring may ensue and the local func-
tion, and to differentiate it from other forms of unilateral cystic tional deficit becomes permanent. Scarring is recognised as an
disease in infancy that are associated with preservation of some area of indentation or discontinuity in the cortical image
degree of renal function. (Fig. 29.41 ). The severity of scarring may be expressed in terms

Renal masses and pseudomasses I n a minor developmental
of the extent of the lesion, the presence of multiple scars and by

anomaly, a portion of cortex may be infolded so as to lie adjacent
the distribution of renal function between affected and unaffected
kidneys. Acute infection may produce total non-function in the

t o the renal pelvis, producing an apparent mass or `pseudomass'
on ultrasonography. Also known as `prominent columns of,

affected area, indistinguishable from scarring, but in less severe
cases may appear as an area of reduced function, with preserva-
tion these areas can be confirmed as normal renal parenchyma tion of the normal renal outline. In kidneys with a duplex collecting

by their concentration of DMSA at scintigraphy. Tumours. cysts and two ureters, the upper pole cortex is often damaged by
or abscesses show no uptake of DMSA so they appear as photon-

system
obstruction, or the lower moiety may be injured by reflux and

deficient areas in the renal images. The majority of true renal
masses will be investigated i nfection. In such cases DMSA imaging can be used to establish the

sated satisfactorily by anatomical imafing functional contribution of the upper and lower moieties in order to
but occasionally, particularly with bilateral disease, functional assist decisions on surgery to the kidney.
i maging with DMSA will be needed to establish the distribution
of functional renal tissue. This may indicate which of two kidneys When to investigate? Although focal areas of diminished or
with bilateral tumours should be operated on first (Fig. 29.40), or absent function are well shown by DMSA scintigraphy, it must be
whether the residual function on one side is sufficient to justify a remembered that acute infection and permanent scarring cannot be
conservative surgical procedure (e.g. partial nephrectomy) rather distinguished by this method. If the presence or extent of an acute
than the simpler but more drastic procedure of full nephrectomy. l obar nephronia is under question, it is appropriate to carry out

DMSA imaging at the time of the infection, or shortly afterwards.
Infection and scarring Infection in the renal parenchyma (acute However, if the aim of DMSA imaging is to detect and monitor
pyefonephritis or acute nephronia) produces diminished function renal scarring, it is important to delay the examination for long
i n the affected areas, often a small subsegmental wedge of the enough to allow functional recovery to reach a maximum. The
renal cortex. Under favourable conditions the infection may heal time interval required for this is variable, but it is recommended
by resolution, and in such cases the anatomical integrity of the that DMSA for scarring should he delayed for at feast 3 months
affected area is maintained and normal function is restored. In (and probably 6 months) after the infective episode.

Dynamic renal studies
Radiopharmaceuticals Because nephrons under most circum-
stances act as individual functional units, it is not necessary to
i nvestigate perfusion, filtration, reabsorption and transit functions
i ndependently. In most circumstances, tracers which are handled
differently by the kidney will produce similar results in the
estimation of individual renal uptake and clearance. 99mmTc-DTPA
(excreted almost entirely by glomerular filtration) and 1

23I-hippuran (excreted very largely by tubular secretion) have been
superseded by 99mmTc-MAG3 .

99mTc-MAG3 i s loosely protein-hound in the circulation. A small
proportion is filtered but a much higher proportion is secreted by
the tubules, and although the extraction efficiency is not as good as
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urine flow rate in order to stress the system. Furosemide (fruse-
mide) (normal adult dose 20-40 mg, scaled down by body surface
area for children) produces a maximal diuretic response in the
normal kidney within 5-10 min after injection. Currently there is
no consensus on the optimum timing of diuretic injection. The
most widely used technique requires intravenous furosemide to
he given 15-20 min after starting the study (F+20 study). Image
data are then collected for a further 15-20 min to determine the
response of the kidneys to an increased flow rate. Alternatively,
furosemide may be given 15 minutes before the injection of the
radiotracer, in order to ensure that the patient is already under-
going a maximum diuresis at the start of data acquisition (F-15
study). Finally, some users prefer to give the furosemide and
radiotracer simultaneously, so that a diuresis develops rapidly
during the early part of this study. Each of these methods can
produce satisfactory results, but each requires appropriately
specific criteria for interpreting the results. The F+20 method has
the advantage that it demonstrates a diuretic response, i.e. the
change from resting to high urine flow rates, while the F-15
approach is thought to he more decisive in detecting minor
degrees of obstruction.

Data analysis The image data is analysed by deriving time-

activity curves from regions of interest placed over each kidney,
from a background area around each kidney, from the bladder and

from the heart (if included). After correcting the renal curves for
background activity, the early part of the curves may be used to
calculate split renal function. The kidney contains a mixture of
short and long nephrons but it is known that the shortest
parenchymal transit time within the kidney, i.e. the time taken for
filtrate in Bowman's capsule and the proximal tubule to reach the
renal pelvis, is 2.5-3 min, so it is safe to assume that none of the
tracer entering the kidney during this period after injection will
have reached the outflow tract. The relative renal function can
then be expressed as the ratio of the area under the renogram
curves of the two kidneys obtained during the period 40 s - 2 min
40 s after bolus injection of the tracer. The first 40 s are usually
excluded in order to avoid errors that may be introduced by vas-
cular structures overlapping the renal and background areas
during the first pass of the tracer. If furosemide has been given
during the procedure (F+20 technique), a numerical estimate of
the diuretic response is calculated, e.g. by measuring the residual
counts in the kidney 20 min after diuretic injection as a proportion
of the maximum renal counts.

It may be helpful to confirm that an adequate diuresis has been
achieved by measuring the average urine flow rate during the exam-
i nation. This is achieved by having the patient empty the bladder

immediately before starting the study, and also at the end of the
study, and measuring the volume of urine generated during that
time. Residual urine volume after micturition can also be assessed
by comparing the counts in the bladder before and after micturi-
tion, and measuring the volume of urine passed.

Deconvolution analysis is a mathematical method of calculating
what the output curve of an organ (in the case of the kidney, the
renogram) would have looked like if the injection had been made as
a bolus in the renal artery rather than into a peripheral vein. This is
done by considering the observed renogram as a complex sum of a
series of individual renograms that would have been obtained by
sequentially injecting different amounts of tracer into the renal
artery. The instantaneous concentrations entering the renal artery

that of hippuran, the rate of excretion is much faster than with
DTPA. Labelling with technetium-99m gives a lower radiation dose
to the patient, with higher count rates giving better imaging and
measurement statistics. The typical amount of activity administered
for an adult is 100 MBq for excretion studies, or up to 200 MBq if
perfusion imaging is also being performed.

DTPA i s less costly and also quicker and easier to prepare
than99mTc-MAG3 , and so it may be used in emergent situations
where a rapid result is needed, particularly in respect of perfusion,
e.g. with acute oliguria in the renal transplant recipient. Excretion is
slower than with MAG3, count statistics are interior, and a larger
amount of activity needs to be administered (300 MBq for excretion
studies and up to 800 MBq for perfusion imaging).

Diphosphonate agents used for bone scintigraphy (e.g. 99 mTc-
medronate) are also excreted almost entirely by glomerular filtra-
tion. In patients having scintigraphic surveys for hone metastasis,
where there is no indication for imaging in the early vascular and
soft-tissue phases, a satisfactory renal study may be obtained in the
first 30-40 min after injection. Conventional bone imaging can be
carried out 2-3 h later as normal, allowing both investigations to he
completed at single visit.

Patient preparation Minor degrees of ureteric or outflow
obstruction will not be detected if the rate of urine flow is slow.
Also, giving a diuretic may be hazardous if the patient is already

dehydrated. For these reasons it is essential that the patient is well
hydrated at the start of the procedure. Preparatory instructions
should encourage the patient to take plenty of fluid before attend-
i ng for the procedure, and a further 300-500 ml of clear fluid
should he given 30 min before injection.

Acquisition With the patient in a reclining (dentist's chair) or
supine position, posterior view images are obtained with the
gamma camera positioned so as to include both kidneys and the
bladder. If deconvolution analysis is to be performed (see below),
the heart should also be included in the field of view. Transplanted
kidneys are normally located in the left or right iliac fossa so an
anterior view is appropriate in these cases. If the patient is
catheterised, the bag should also he within the field of view.

The radiopharmaceutical is given as a bolus injection into a
peripheral vein. If an assessment of perfusion is required, it is
i mportant to deliver the bolus as tightly as possible. The volume of
the injection is typically small (about I ml or less) and several tech-
niques have been described for ensuring a speedy transit of the
bolus to the central circulation.

Rapid image acquisition is required to demonstrate the perfusion
phase, for example one frame per second for the first 30-40 s after
i njection. For the excretion phase, sequential images are acquired
over periods of 10-30 s each for 20-30 min.

The supine position is preferred to sitting because it is more easily
reproducible and there is less likelihood of the patient moving
during the procedure. The disadvantage of the supine position is that
a dilated but unobstructed (baggy) renal pelvis may not drain freely,
so it is important to obtain a further spot view of the urinary tract
with the patient sitting, after the dynamic acquisition has been com-
pleted. Additionally, a final spot view obtained after micturition is
helpful to demonstrate the completeness of bladder emptying and to
confirm prolonged hold-up in the obstructed upper tract.

Use of diuretics The sensitivity of dynamic renal imaging for
detecting urinary tract obstruction is maximised by increasing the
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sents the maximum amount of tracer which accumulates in the
kidney. If the anatomical region from which the renogram is derived
includes the renal pelvis, then the height of the peak is influenced by
the volume of the pelvis-the reservoir effect of a baggy renal pelvis
will produce a much higher peak on the renogram curve than a
kidney of equal function with a small volume pelvis. However, the
height of the peak is also affected by the uptake function of the
kidney-with diminished function the magnitude of the peak activ-
ity is less. The time interval between the injection and the peak of
the renogram (Tmax ) is prolonged in renovascular disease because the
filtration pressure is reduced and the intrarenal transit times are
slowed. However, a delayed TmaX can also result from obstruction or
from the reservoir effect of a dilated renal pelvis.

Response to diuresis The distinction between obstruction and the
reservoir effect of an unobstructed but dilated renal pelvis can
usually be made from the response to diuresis. With the normal
kidney, administration of furosemide 20 min after MAG3 pro-
duces a rapid increase in urine flow so that activity retained within

a baggy renal pelvis is displaced by urine containing much lower
concentration of activity, so the observed count rate from the
kidney falls. Various indices have been described to express the
rate of elimination of tracer from the renal pelvis in response to
diuretic stimulus, but there is no single index which is universally
accepted. One simple approach is to say that if renal activity falls

by more than 50% within 20 min of diuretic injection then
obstruction is very unlikely. If the activity remains constant or
increases, then obstruction is extremely likely. Activity falling by

are derived from the time-activity curve of the heart, so, knowing

i nput of the tracer at each moment during the study, it is possible to
differentiate the observed output function (the actual renogram) to
derive a theoretical curve which represents the range of transit

times between the renal artery and the renal pelvis. Although the
calculation of mean parenchymal transit times offers a novel aspect
of function in renal disease, the successful use of deconvolution
methods requires meticulous attention to technique, and the added
diagnostic value of their use in routine clinical practice remains
uncertain.

Interpretation With MAG3, the images obtained during the first

pass of the tracer illustrate vascular anomalies in the abdomen as
well as the perfusion of the kidneys (Fig. 29.42). Images obtained
3-5 min after injection illustrate the size, shape and location of the
kidneys. Serial images obtained during the excretion phase give a
visual impression of relative renal function, rate of transit of activ-
ity through the renal pelvis, drainage from the pelvis in the sitting
position, and the residual bladder volume after micturition.

The renogram gives several different indications of renal func-
tion. The initial, steeply rising part of the curve represents the
delivery of circulating tracer to the kidney, and so the slope of this
part of the curve is proportional to renal perfusion-the steeper the
slope, the better the perfusion. As mentioned above, the area under
the curve between 40 s and 2 min 40 s may be taken as a measure of

the contribution of each kidney to overall renal function. The normal
kidney produces a curve which peaks within a few minutes after
i njection and then falls (Fig. 29.42). The height of this peak repre-

Fig. 29.42 Normal 99mTc-MAG3 dynamic renal study: (A) Part of the first-pass acquisition showing perfusion of aorta and both kidneys; (B) selected
i mages from the excretion series with symmetrical uptake and clearance from both kidneys; (C) renogram curves from the perfusion sequence in the first
30 s (left) and the excretion curves up to 30 min (right). LK = left kidney; RK = right kidney; Ao = aorta.
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l ess than 50% in 20 min may suggest low-grade obstruction but it
is important also to consider the level of function within the
affected kidney. Usually the first aspect of renal function to be

affected in disease is the ability of the kidney to concentrate the
urine, so the failing kidney is typically unresponsive to the
doses of diuretic agents that would be effective in the normal
kidney. Distinguishing between a kidney which is sufficiently
damaged to prevent a normal diuretic response, and one with low-
grade obstruction, remains difficult (see below). Low-grade
obstruction is also suggested by a renogram which shows an

i ncomplete fall-off in response to a diuretic stimulus, and then starts
rising again-the delayed double-peak sign described by Homsy.

Captopril scintigraphy

With renal arterial disease, the perfusion pressure of the afferent
glomerular arterioles is reduced, and filtration pressure is sustained
by efferent arteriolar vasoconstriction mediated by the renin-
angiotensin system. Administration of angiotensin-converting
enzyme (ACE) inhibitors such as captopril blocks the efferent vaso-
constriction, causing a fall in filtration pressure, which leads to a
reduction in the GFR of the affected nephrons. Because of the
reduced volume of glomerular filtrate, the mean transit time is pro-
l onged and this in turn allows a greater reabsorption of water. These
mechanisms produce in the captopril renogram the typical changes
of diminished uptake, flattened peak and delayed Tmax . In severe
cases the clearance may be so slow that the curve continues rising
throughout the period of observation.

Preparation For a captopril test, the patient should be off capto-
pril and diuretics for 2 days, and off other ACE inhibitors for
7 days. Obtaining a baseline study without captopril intervention
i mproves the specificity of the test. Pre- and post-captopril studies
can be obtained on consecutive days, or even on the same day if
the patient has good renal function. The patient should be nor-
mally hydrated. The effect of captopril on renal function is not
mediated through a fall in systemic blood pressure, and such a
fall is undesirable because it may cause changes in the renogram
of the unaffected kidney. A small dose (25 mg) of captopril is
given orally I h before injection of the radiopharmaceutical. The
patient should be kept supine throughout and blood pressure
should he monitored before, during and after the procedure.
Because some patients are very sensitive to even small doses of
captopril, a recommended precaution is to maintain an intra-
venous saline infusion with a period of the study to allow rapid
treatment of any sudden hypotension.

Acquisition A 30 min dynamic study using 99mTc-MAG3 is
carried out. Images are obtained at 1, 2, 5, 10, 20 and 30 min,
with renogram curves for the whole study obtained in the usual

way.99mTc-DTPA may be used as an alternative in patients who
have good renal function.

Interpretation As with unenhanced renal studies, interpretation of
the captopril study is based on inspection of the images and analysis
of the curves. The critical features indicative of renal vascular
disease are reduced function and delayed transit. Affected kidneys
are often small, although this is not a specific feature. The following
grading system was used in a European multicentre study:

Grade I Mild delay in Tmax (6-11 min using 9 99m Tc-DTPA) with
a falling excretion phase
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Grade 2a More prolonged delay in T ax (greater than 1 1 min) but
still with an excretion phase

Grade 2b Continually rising or flat curve
Grade 3 As grade 2b, with marked reduction in function of the

affected kidney.

With MAG3, Tmax occurs earlier than the DTPA time quoted above.

Renal transplantation
The clinical setting of the transplant kidney provides differing and
specific problems which require modifications in the technique for
renal dynamic studies. Typically, the kidney is placed in the right
iliac fossa, or sometimes on the left. An anterior view of the pelvis

will encompass the kidney, ureter and bladder. Since there is only a
single kidney, the question of split function estimation does not
arise. Dynamic studies are obtained as normal, with perfusion and
excretion imaging. In the context of post-transplant oliguria, calcu-
l ation of a perfusion index is often helpful. This is derived by
obtaining a time-activity curve from the parenchyma of the kidney
and also a curve from the adjacent iliac or femoral artery. A fast
bolus injection of the tracer results in a steeply rising arterial curve
with a sharp peak (T ,,,, x ). After background subtraction, the areas
under the arterial and renal curves are measured up to

T111,11.
The

ratio of these two areas, after normalisation for differences in the
size of the regions of interest from which the curves were derived,
defines the perfusion of the renal parenchyma relative to the blood
flow through the adjacent large artery.

Transplant perfusion index = (flow in renal parenchyma/flow in
iliac artery) x 100%.

Using this method of calculation, a perfusion index greater than
50% will usually be associated with good renal function.

Radionuclide cystography
This is the radionuclide analogue of X-ray micturating cystography
with iodinated contrast media. In outline, the bladder is filled with
fluid containing a non-absorbable radiotracer, and dynamic imaging
of the urinary tract is carried out during micturition in order to
detect vesicoureteric reflux. This may be achieved with direct instil-
lation of the tracer into the bladder, but this approach does not capi-
talise on the major advantage of the radionuclide technique, which
i s the possibility of avoiding bladder catheterisation. Much more
clinically useful is the technique of indirect cystography, which is
basically similar but which uses as a starting point the full bladder
at the end of a conventional dynamic renal study. Using

99
mTc-

MAG3, renal activity normally falls off to a considerable extent by
the time the bladder is full, so the presence of baseline counts in the
background and in the kidneys at the start of micturition is not a
significant disadvantage.

Preparation and technique This is basically as for diuretic renog-
raphy, described earlier. After completing the initial part of the
study, including the response to diuresis, the patient is placed in a

sitting or standing position and the camera repositioned to include
both kidneys and the bladder within the field of view. Image frames
of 5-10 s duration are collected during micturition. Time-activity
curves are derived from the region of the bladder, each kidney indi-
vidually, and also from regions along the line of each ureter.
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Interpretation Vesicoureteric reflux is confirmed if there is an
i ncrease in kidney counts during micturition. Lesser degrees of
reflux may appear as increased counts in the ureters, which may
be transitory.

Applications of dynamic radionuclide
studies
Urinary tract obstruction Obstruction implies increased resis-
tance to flow, and resistance can only be assessed accurately by
simultaneous measurements of pressure and flow. Such measure-
ments require invasive techniques and so are unsuitable for
routine clinical use. Anatomical imaging methods rely on demon-
strating the structural abnormalities which cause obstruction and
those which result from its effects, while radionuclide techniques
demonstrate the alteration in flow caused by obstruction, as well
as the consequent functional deficit that may follow.

With acute ureteric obstruction (e.( , . by a stone), renal perfusion
and glomerular filtration is maintained at first, and increased tubular
reabsorption of water compensates, at least in part, for the cessation
of urine flow, so that radiotracers continue to accumulate in the
kidney. This mechanism gives rise to the characteristic obstructive
renogram which shows a continuing rise (Fig. 29.43). A rather
si milar rising curve may also he produced by an unobstructed
kidney if the extrarenal pelvis is large, causing a reservoir effect.
However, in such cases an effective diuresis will wash out the
contents of the renal pelvis, causing a rapid fall in the renogram
(Fig. 29.44).

It may be argued that there is no such thing as partial obstruc-
tion-resistance to flow is either normal or increased. However,
obstructions may be low-grade or high-grade, with minor or major
changes in intrarenal pressure. High-grade obstruction is usually
clearly shown on the renogram and its associated images. Recog-
nising lesser degrees of obstruction is more difficult. The renal

response to a diuretic is not an `all or nothing' phenomenon, and

Fig. 29.44 Dilated but unobstructed renal pelvis. 99
mTc images at 5, 10

and 15 min show rapid uptake and clearance from the left kidney; slower
clearance from the right kidney. Renogram curves (bottom right) show
normal left side and delayed peak on the right with rapid washout follow-
i ng furosemide (frusemide) i njection. LK = left kidney; RK = right kidney;
B = bladder.

with low-grade obstruction the kidney may show a transient and
incomplete diuretic response. In some cases this results in the
renogram beginning to rise again after a diuretic-induced fall
(Homsy's double peak sign; Fig. 29.45), while in other cases the
rate of fall of the curve may he less than expected. A similar
problem arises in patients with diminished renal function-the

Fig. 29.45 Low-grade obstruction. 99 nTc-MAG3 diuretic study images at
1, 5 and 20 min show normal uptake and clearance on the right; normal
uptake on the left but incomplete clearance. Renogram curves (bottom
right) show normal right side and normal uptake on the left but after an
i nitial fall the excretion curve rises again (Homsy's sign). LK = left kidney;
RK = right kidney; B = bladder.

Fig. 29.43 Unilateral PUJ obstruction. 99
mTc-MAG3 i mages at 1 min

(A), 5 min (B) and 15 min (C), showing typical left hydronephrosis with
normal clearance from the right kidney. Renogram curves (bottom right)
show normal clearance on the right and an obstructed left side. LK = left
kidney; RK = right kidney; B = bladder.
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Fig. 29.46 Right renal artery stenosis. 99m -Tc-MAG3 dynamic study shows reduced blood flow to the smaller right kidney on the perfusion series
(A), delayed excretion on the 15 min image (B), and the renogram curve (C) shows reduced uptake, delayed T max and slower clearance from the right
kidney. LK = left kidney; RK = right kidney.

affected kidneys may be unresponsive to diuretics, so the usual versible (including acute or chronic renal failure). The rare but
rapid fall in the renogram does not occur. When trying to distin- i mportant occurrence of acute renal failure as a consequence of

guish between impaired but unobstructed kidneys that are unable urinary tract obstruction must also be recognised. A99m Tc-MAG3
to respond normally to diuretics and those with chronic obstruction or DTPA study in ATN typically shows that renal perfusion is
and functional impairment, the concept of `output efficiency' is well maintained, even in the presence of anuria or severe oliguria.
helpful. This requires the diuretic response to be considered in rela- The GFR is relatively well preserved, but the filtered or secreted
Lion to the uptake function of the kidney. If the input to the kidney solutes either remain in the kidney or are reabsorbed (abnormally)

i s diminished, a `normal' diuretic response cannot be expected. The from damaged tubules. Dynamic images show fairly good perfu-
rate of fall of the renogram during the diuretic phase should he sion, with subsequent fading of the renal images and little or no
compared with the rate of rise during the uptake phase-if the rela- excretion (Fig. 29.47). The renogram shows an initial vascular
tionship between the two is the same as in a normal kidney, then peak, which usually then falls in parallel with blood clearance
obstruction is very unlikely. curve.

Renovascular hypertension The main reason for investigating
With acute renal failure caused by intrinsic parenchymal disease

the renal tract in patients with hypertension is to detect the minor-
or major vessel obstruction, perfusion is severely impaired or

ity of patients with renal vascular disease that is treatable by
absent. With acute or chronic renal failure, a low level of excretion

anatomical means angioplasty or surgery. However, it must be
may persist, giving renograms with markedly impaired uptake

emphasised that renovascular hypertension may also result from
phases and a fiat excretion phase. In acute renal failure caused by

s mall-vessel disease, which shows no specific features at angiog-
obstruction, renal perfusion is well maintained.

raphy. Radionuclide studies will select out those hypertensive Renal transplantation Although ultrasonography is the first-line

patients who have renovascular disorders, but cannot distinguish technique for monitoring renal transplants, there are several indi-
between large-vessel and small-vessel disease, as, whatever the cations for scintigraphy as a supplementary test when ultrasound
l evel of arterial obstruction, the functional disturbance is similar. is technically difficult or when its results are inconclusive or

Characteristic changes in the dynamic renal study are those of unexpected.
prolonged transit due to increased water reabsorption in the distal
tubules, and diminished renal function associated with decreased
blood flow caused by arterial narrowing. These changes are mani-
fest by reduced gradient in the uptake part of the renogram, reduced
and delayed Tmax and prolonged transit times (Fig. 29.46). The
affected kidney may be small or normal in size. Enhancement of the
dynamic study with captopril magnifies these functional changes
and unmasks some additional cases in which the baseline study is
not diagnostic.

Captopril-enhanced renography has good results as a screening
test for renovascular hypertension (sensitivity and specificity
80-90%) when the selection of patients for investigation is appro-
priate a renal cause is more likely in patients who arc young and
those with severe or resistant hypertension. Discrepancies between

scintigraphy and angiography occur because some patients with
renovascular hypertension have only small-vessel disease, while
angiographic renal artery stenosis occurs incidentally in a substan-
tial proportion of elderly patients, and so may be associated with
essential hypertension in occasional cases. Fig. 29.47 Acute tubular necrosis. 99mTc-MAG3 study shows perfusion of

Acute renal failure The aim of scintigraphy is to discriminate
both kidneys is reduced (A) and excretion images at 1 min (B) and 20 min
(C) show persistent retention of the tracer in the kidney with no excretion.

between the potentially reversible condition of acute tubular Renogram curves (D) show immediate uptake but no clearance. LK = left
necrosis (ATN) and those conditions that are progressive or irre- kidney; RK = right kidney.
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Fig. 29.51 Suspected obstruction in renal transplant. 99mTc-DTPA study
shows good uptake at 2 min (left) with activity reaching the bladder via a
distended ureter and collecting system at 20 min (right). Diagnosis:
obstruction confirmed.

Fig. 29.48 Acute oliguria after renal transplantation. Anterior perfusion
phase images from 99

mTc-DTPA study show that blood flow to the trans-
planted kidney in the right iliac fossa is well maintained. Diagnosis: acute
tubular necrosis.

Fig. 29.52 Sudden deterioration in renal transplant function.99mTc-DTPA
study shows normal uptake at 2 min (left); at 20 min (right) some activity is
draining via a bladder catheter (C) but much of the activity is leaking into
the peritoneal cavity (L). Diagnosis: ureteric leak.

period after cadaveric transplantation, perfusion is relatively well
maintained (Fig. 29.48). If oliguria results from thrombosis of the
transplant renal artery or vein, the kidney becomes avascular and
appears on scintigraphy as a photon-deficient area (Fig. 29.49).
Acute rejection is associated with vascular obstruction at arteriolar
l evel, and scintigraphy shows severely impaired perfusion, hut
enough to demonstrate the kidney is viable (Fig. 29.50). Although
renography is not the method of choice for detecting outflow prob-
lems, the demonstration of delayed clearance of tracer from the
renal pelvis supports the diagnosis of obstruction at the vesico-
ureteric anastomosis (Fig. 29.51). Another cause of sudden deterio-
ration in function, particularly in the postoperative period, is
leakage of urine from the bladder or ureter, and again scintigraphy
may be occasionally helpful in this situation (Fig. 29.52). Trans-
plant renal artery disease is best demonstrated by magnetic reson-
ance angiography.

Reflux and infection The major advantage of indirect radio-
nuclide cystography is that it avoids the need for bladder
catheterisation. The disadvantage is its lack of anatomical detail.
For infants and children with suspected reflux disease, an appro-
priate strategy is to carry out X-ray micturating cystography at
the initial assessment in order to detect anatomical abnormalities
of the outflow tract as well as looking for reflux. Indirect radio-
nuclide cystography can then be used as the follow-up examina-
tion to monitor response of reflux to treatment (Fig. 29.53). The
i ndirect radionuclide method also allows monitoring of indi-
vidual renal function. Using 99 Tc-MAG3 as the tracer, renal
images about 2 min after injection should he of sufficient quality

Fig. 29.49 Acute oliguria after renal transplantation. Anterior view
dynamic images 2, 5 and 10 minutes after injection of 99 mTc-DTPA show a
photon deficient area which represents the totally ischaemic graft in the
left iliac fossa; diagnosis: renal vein thrombosis.

Fig. 29.50 Acute oliguria after renal transplantation. Anterior view per-
fusion images (A) and excretion images at 1 min (B) and 20 min (C) show
severely impaired perfusion of the transplant kidney in the right iliac fossa
with slowly increasing uptake but hardly any excretion to the bladder.
Renogram curve (D) shows the typical flat curve of a badly-functioning
kidney but without the initial vascular spike usually seen with acute tubular
necrosis. Diagnosis: severe rejection.

In acute oliguria, particularly in the postoperative period, a perfu-
sion study using 99nTc-MAG3 or DTPA gives an image of the dis-
tribution of blood flow within the kidney, and an estimation of its
perfusion. With ATN, which is very common in the postoperative
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Tim Whittlestone

Urodynamic studies provide accurate and objective information on
the pathophysiology of the lower urinary tract in patients with
symptoms suggesting dysfunction of the bladder and/or urethra.
The basis of urodynamics is the recording of pressure within the
bladder (the cystometrogram) or urethra (the urethral profile) and
the flow of urine (during voiding (the flow rate). The relationship
between pressure and flow has been studied for 50 years but
refinements in techniques and advances in technology, such as the
addition of ultrasound and real-time imaging, have made uro-
dynamics an accurate science.

I n d973 the multidisciplinary International Continence Society
(ICS) realised the need for uniform standards and terms in 1_11- 0-

dynamic studies. The ICS has since published a series of recom-
mendations that should he used when dealing with lower urinary
tract function.

Lower urinary tract physiology

There are two distinct phases in lower urinary tract function:
storage and micturition. During storage, the normal detrusor func-
tion is characterised by an increase in bladder volume as it fills with
urine but no significant rise in bladder pressure or involuntary con-
t ractions. During this phase the urethral closure mechanism main-
tains a positive pressure and continence is achieved. When the
bladder is full to its maximum functional capacity, sensory mecha-
nisms signal to the cortex and the subsequent conscious desire to
void may be inhibited or acted upon. During micturition, normal
detrusor contraction effectively empties the bladder as the urethral
sphincter mechanism relaxes. The pressure within the bladder
during micturition (P,,.,) is the sum of the pressure generated by the

Fig. 29.53 Radionuclide cystography showing reflux. Selected images
from the dynamic sequence obtained during micturition (left) show tracer
appearing in the right kidney and ureter as the bladder empties (arrows).
Time-activity curves over left and right ureters (right) show no reflux on the
left and mild but prolonged episodic reflux on the right.

to show major scars, but DMSA scintigraphy produces better
anatomical detail and a more accurate estimate of individual

renal function.
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detrusor smooth muscle (P,,.,) and any contribution from abdominal
wall straining (Pabd ). Hence.

Common urodynamic disorders Lower urinary tract dysfunction
may be caused by:

1. A disturbance of nervous control
2. Disorders of muscle function
3. Structural abnormalities.

Disturbances of nervous control The clinical picture is depen-

dent upon the extent of denervation of the lower urinary tract.
Complete lesions of the lower spinal cord decentralise the bladder
and urethra; the bladder becomes acontractile and the urethral
sphincter inactive. Bladder emptying then relics on abdominal
straining. Lesions above the fifth lumbar segment preserve spinal

reflexes but the coordination between the bladder and urethra is
lost (detrusor sphincter dyssynergia). Cerebral damage may result
i n one of many Urodynamic disorders. Damage to the frontal
l obes results in incontinence. Damage to the basal ganglia leads to
i nvoluntary bladder contractions (detrusor overactivity).

Disorders of muscle function Overactivity of the detrusor
smooth muscle in the absence of any discernable cause (idio-
pathic detrusor instability) is a common Urodynamic finding and
l eads to urgency, frequency and urge incontinence. Many disease
processes that reduce bladder compliance, radiotherapy being one
common example, may compromise muscle function and reduce
bladder capacity. Bladder outflow obstruction caused by prostatic
enlargement may lead to either under- or overactivity of the
bladder muscle.

Structural abnormalities Pelvic floor dysfunction. bladder neck
descent and urethral sphincter incompetence arc common uro-
dynamic findings in postpartum women with stress incontinence.
Bladder divcrticula, often the result of chronically raised bladder
pressure, are clearly seen with videourodynamics and may affect
both the pressure and flow characteristics. Finally, there is a trend
for urologists to reconstruct the Tower urinary tract using bowel seg-
ments after total cystectomy. Both storage and voiding abnormalities
may arise following reconstruction and synchronous cystometry and
cystography can he invaluable in addressing these problems.

Urodynamic techniques

Urodynamics encompasses a number of complementary techniques
of varying degrees of complexity, the application of which needs to
he tailored to meet the clinical requirements of each patient. Those
with particular relevance to the radiologist arc:

• Ultrasound cystodynamogram
• I ntravenous urodynamogram
• Videocystometrography.

Ultrasound cystodynamogram (USCD) The simplest investiga-
tion in the assessment of voiding dysfunction is the measurement
of urinary flow rate using a volumetric flow meter. The device
measures the volume of urine passed per unit time and the flow
rate is expressed in millilitres per second. When the flow rate is
combined with ultrasound the resulting USCD reveals more
detailed information.
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(Fig. 29.54). Subtraction of the rectal pressure from the bladder
pressure allows the true detrusor pressure to be constantly dis-
played. The pressure transducers are zeroed to atmospheric pres-
sure and raised or lowered to the level of the symphysis pubis. Care
i s taken to exclude air bubbles from the pressure lines and trans-
ducers. Contrast medium at room temperature is instilled into the
bladder by a peristaltic pump at a constant rate (typically
50mi/min) . When the patient senses that the bladder is full (first
desire to void) the X-ray table is tilted to the standing position.
Filling may continue until the maximum bladder capacity is
reached (strong desire to void). The filling catheter is removed prior
to voiding and the table turned to the oblique position. The patient
voids into a standard flow meter. X-ray screening may be continu-
ous throughout the investigation or at intervals, depending on the
information sought by the investigator. The residual volume can be
calculated at the end of voiding. It is common to ask the patient to
inhibit micturition during the test-the 'stop test'. In men. contrast
medium will he milked hack from the distal sphincter proximally
through the bladder neck and into the bladder. If there is bladder
neck obstruction, contrast will be trapped within the prostatic
urethra.

Videourodynamic equipment is becoming increasingly sophisti-
cated but all systems allow the pressure and flow data to be dis-
played alongside the real-time cystogram. Video recording allows
analysis later and demonstration of the results to other specialists.

Upper urinary tract urodynamics
Radiologists are often called upon to confirm upper urinary tract
obstruction. Modern imaging techniques have largely dispensed
with the need for upper tract urodynamics (the Whitaker test):
however, in the absence of any definite obstructing lesion or calcu-
l us, where there is pelvicalyceal dilatation and persisting symptoms
upper tract studies may he of use. Under normal circumstances

urine accumulates in the renal pelvis at a resting pressure of less
than 5 cmH2O. The pelvic pressure rises to d0 cmH2O once dis-

The subject usually attends for the investigation with a full
bladder. The bladder is scanned with any ultrasound probe that
allows adequate visualisation and the volume of urine is calculated;
t his is the functional bladder capacity. After the subject has voided
i nto a suitably prepared flow meter, in private, the bladder is
scanned once again to provide an assessment of the residual
volume. This simple technique provides a non-invasive measure-
ment of bladder emptying and urinary flow. It is particularly useful
i n the diagnosis of bladder outflow obstruction, the monitoring of
patients with acontractilc bladders and following surgical proce-
dures on the lower urinary tract.

Intravenous urodynamogram (IVUD) The IVUD is a combina-
tion of the conventional intravenous urogram and the assessment
of urinary flow rates. It has largely been replaced by USCI).

In addition to the upper tract films of an intravenous urogram the
patient performs a flow rate when the bladder feels full. The subse-
quent postmicturition film after voiding allows an assessment of the
residual volume.

Videocystometrography (VCMG) Generally, the majority of L[1-0-

dynamic units have neither fluoroscopic screening nor video
recording facilities. However, the combination of synchronous

cystography and cystometry with video recording (VCMG) is rec-
ommended in the assessment of complex cases, younger patients,
neuropathic patients, those for whom corrective surgery has failed
and patients with reconstructed bladders. Radiological screening
provides real-time anatomical information during bladder filling
and during micturition. It also allows the assessment of ureteric
reflex, bladder neck support, the level of outflow obstruction and
the competence of the urethral sphincter mechanism.

With the patient supine on the X-ray screening table the external
urethral meatus is cleaned with antiseptic solution and I % or 2%
lignocaine gel is instilled into the urethra. A ]OF filling catheter is
i nserted into the bladder and any residual urine drained. Fine-bore
pressure catheters are inserted into the bladder and rectum (or
vagina) and connected to fluid-filled pressure transducers

Fig. 29.54 Set-up for lower urinary tract urodynamics.
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t ended and urine enters the ureter to be transported to the bladder
by ureteric peristalsis. In obstruction, peristalsis becomes dis-
ordered and the pressure in the renal pelvis will rise above physio-
l ogical levels.

The Whitaker test is performed following insertion of a nephros-
tomy tube and can be supplemented by fluoroscopy to define the
anatomy of the upper tracts simultaneously. Bladder pressure is con-
stantly measured by an indwelling urethral pressure catheter. Dilute
contrast is infused into the nephrostomy tube via one arm of a Y
connector at d0 ml/min. The other arm of the Y is connected to a
pressure transducer. The bladder pressure is continuously subtracted
from the pelvic pressure. A pressure difference between the renal
pelvis and bladder of less the d5 cmH,O excludes obstruction. If the Fig. 29.55 Renal ultrasound. Corona) (A) and transverse (B) images of a

renal pelvic pressure exceeds bladder pressure by more than neonatal kidney demonstrating prominent hypoechoic medullary pyramids

22 cmH,O obstruction is confirmed. Between 15 and 22 cmH,O the
and no renal sinus fat.

result is equivocal. If both the bladder and renal pelvic pressure rise
equally together. vesicoureteric reflex has occurred.

This section will review the common imaging investigations of the
urinary tract in children, together with relevant anatomy. Many of
these techniques are similar to those used in adults but need some
modification when applied to children, and a few are peculiar to
children. Examinations in children may take longer to perform than
equivalent studies in adults, but it is important to gain the trust and
confidence of children and their parents if the examinations are to
be successful. An awareness of radiation protection is important.

Children are relatively more vulnerable to the deleterious effects of
ionising radiation as they are still growing and have a longer life
expectancy than adults. Examinations involving ionising radiation
need to he justified and optimised if they are to be performed.
Every attempt should be made to answer the clinical question
using techniques that do not employ ionising radiation, especially
ultrasound.

Ultrasound
The two most frequent indications for renal sonography are the
evaluation of an antenatal abnormality (hydronephrosis or cystic
change) and the investigation of a child who has had a urinary tract
i nfection (UTI). Less common reasons include children with condi-
tions associated with renal anomalies.

Renal anatomy The kidneys of neonates and young children
differ from those of older children and adults in many respects,
not just in size. There is a gradual transition in the sonographic
appearance with age. The kidneys of a term neonate measure
approximately A 1Z cm in length. Because there is no significant fat
i n the renal sinus around the hilar vessels and pelvis they lack the Fig. 29.56 Renal ultrasound. Corona) (A) and transverse (B) images of

typical increased central hilar echogenicity seen in older children
the kidney of a 10-year-old child. The medullary pyramids are less conspic-
uous than in the neonatal period and there is now some echogenicity

and adults. The renal contour may be quite lobular, reflecting per- around the renal hilum.
sistent fetal lobulation. The medullary pyramids are usually very
prominent and are of much lower echogenicity than the overlying medullary pyramids, which resolve once normal urine flow is
cortex (Fig. 29.55). This may be so marked as to simulate dilated established. This is due to deposition of proteinaceous deposits in
calyces unless this variation is appreciated. Some neonates in the the renal tubules (Tamm-Horsfall proteinuria). which are cleared
first few days of life may demonstrate paradoxically echogenic as urine flow increases. The above appearances may be quite
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Fluoroscopy
Fig. 29.58 Micturating cystourethrogram-female. A supine voiding

Micturating cystourethrography This is the Commonest fluoro_ image in a female child. The urethra is shorter than the male and is straight.

scopic examination in infants and young children. The most
frequent indications are the investigation of antenatal hydro- t hen emptied through the catheter and a sample sent for culture.
nephrosis and following a urinary tract infection. Less commonly With the child supine on the screening couch. and gently restrained
i t i s used to evaluate siblings of - children with vesicoureteric i f necessary, dilute water-soluble contrast medium is dripped into
reflex and children with suspected structural abnormalities of the the bladder from a bottle. The iodine content of the contrast
l ower urinary tract. medium should he about 150 mg/ml An early filling image of the

It is a traumatic examination for child and the parents (and occa- bladder is obtained in the supine (AP) position and then oblique
sionally t he operator) and exposes the child's gonads to a high radi- views of the bladder base arc taken when the bladder is nearly full

ation dose. This may be minimised by adequate justification, (to look for reflux into the distal ureters). A voiding image of the
attention to collinrttion, minimal screening times and cfeselection of urethra is required. especially in boys (Fig. 29.57). In girls the
t he antiscatter grid. Dose-saving facilities on digital units are also bladder should continue to be filled with the child supine until
i mportant. voiding begins around the catheter (Fig. 29.55). At this point the

The urinary bladder is catheterised aseptically with a small catheter is removed and spot films of the urethra are obtained
catheter (6-S F) depending on the age of - t he child. This is taped during miclurition. Images arc then taken of each renal area to doc-
l oosely to the perineum to facilitate rapid removal. The bladder is ument the presence or absence of reflu.x to the level of the kidney.

striking in neonates, but become less obvious with increasing age
as the kidney takes on a more typical adult configuration. Renal
l ength also inca- eases throughout childhood to the average adult
l ength of I I cm. In neonates the renal pelvis is often visible,
although it should he less than 5 nun in transverse (AP) diameter.
There is often a considerable ext- arenal component to the pelvis.

I n older children perisinus fat is laid down, producing the central
hilar echogenicity within which is the renal pelvis. The medulla and
cortex become more similar in echogenicity and are usually of
slightly lower echogenicity than the adjacent fiver and spleen. The
contour of the kidney becomes smoother as fetal lobufation resolves
( Fig. 29.56).

Technique The ultrasound examination should atlempt to evalu-
ate the whole urinary tract (bladder, ureters and kidneys). In all
children, and especially those who are not toilet-trained, the
examination should hegira with the bladder in case it sponta-
neously empties before it has been imaged. It should he thin-
walled (<3 mm) and contain clear urine. Stasis, infection or

Fig. 29.57 Micturating cystourethrogram-male. An oblique voiding
haemorrhage may cause

urinary
sediment or debris. Abnornlali i mage demonstrates the whole urethra with no foreshortening. The filling

ties such as wall thickening, diverticula, ureterocefes and cafculi defect in the posterior urethra represents the verumontanum.
should he sough( Ideally the bladder should be examined after
voiding to give an estimate of residual volume, although this is
not always possible in children who are not toilet-trained. Dilated
ureters are identified posterior to the bladder as anechoic tubular
structures which may alter their configuration due to peristalsis.
Non-dilated ureters are not visible.

Good views of the kidneys can he obtained by scanning with the
Child prone-in most children the relatively superficial location of the
kidneys facilitates good views. However, this is not always practicable
i n young babies, in whom excellent coronaf views can he ohtained
i nstead. Images are obtained in longitudinal and transverse planes.
Renal length should he assessed and related to age (or weight).
Contour defects may suggest scarring if they are superficial to
meclulfary pyramids (and hence calyces). or fetal lobulation if they are
between pyramids. The kidneys should also be examined with the
child supine. Dilatation of the renal pelvis and calyces is noted. The
transverse diameter of the renal pelvis at its widest point is recorded.
Duplex renal collecting systems may he identified in older children,
even in the ahsence of dilatation, by a double renal sinus pattern (one
for the upper and another for the lower moiety pelvis).
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calyceal anatomy and renal contours is not sought. and because of
the increased radiation dose.

It is prudent to obtain a plain film of the kidneys, ureter and
bladder before contrast medium injection so as not to overlook
calculi. The remaining radiographs should be tailored to answer the
clinical question. An immediate film is not usually required and
may be difficult to obtain if the injeetion is prolonged because of a
small canula. A film at about 10-I5 min after injection is sufficient

t o demonstrate normal pelvicalyceal anatomy, although delayed
i mages will be required if there is collecting .system dilatation. A
further radiograph at about 20-30 minutes (after bladder emptying)
i s helpful in determining drainage from the colleeting system. In

the presence of upper tract dilatation, further delayed films will he
required to completely display anatomy. A prone radiograph is
useful in older children to demonstrate the uretcrs, and a lateral film
i s helpful in younger children and infants.

II' bowel gas and contents obscure detail of the pelvicalyceal
systems (particularly on the left), distending the stomach with gas
may help. This may he achieved by getting the child to ingest a fizzy
drink just prior to exposure, or in infants, by insuIflation of air through
an oesophageal tube passed for the purpose. The urinary bladder is not
assessed as completely as in adults and is better evaluated with ultra-
sound. The functional significance of a distended renal pelvis may be
assessed by the response to an intravenous injection of furosemide or
an oral water load, especially in children with a history suggestive of
i ntermittent pelviureteric junction obstruction. Indeed it may be useful
t o perform the IVU during an attack of pain.

I nterventional procedures
These are performed less commonly in children than adults.
although the principles of access and technique are similar. They
generally require an acsthesia, and may he performed in the radi-
ology department, in the operating theatre or occasionally else-
where (e.g. intensive care unit). All of these techniques require

some form 01' i maging guidance. In children, ultrasound is the most
useful modality for this because of its portability, lack of ionising
radiation and ability to he used in 'real time'. (Caution should be
exercised in the presence of clotting abnormalities, which should

be corrected before the procedure.) The use of antibiotics should he
considered, especially where the procedure is for suspected sepsis.

It should be remembered that the presence of a dilated collecting
system does not necessarily equate to obstruction and so drainage
of such a system may not always be helpful.

Computed tomography (Fig 29.59)
CT of the kidneys is only rarely required in children. The common-
est indications are blunt abdominal trauma and the evaluation of

renal tumours (nephroblastoma, neuroblastoma and renal cell carci-
noma and lymphoma). It is a high radiation close procedure and so
needs adequate justification. There is little role for CT scans of the
kidney to be performed without intravenous contrast medium,
unless one is looking specifically for calculi. The presence or
absence of calcification within a renal mass is rarely helpful in the
differential diagnosis. There is much less retroperitoneal fat in
i nfants and young children compared with adults, so inherent con-
trast is less without the use of intravenous contrast medium. In
t rauma the use ofintravenous contrast medium I S mandatory to

enable detection of focal or global areas of reduced or absent vascu-
l arity. It is sometimes helpful to obtain a plain radiograph of the
abdomen directly after CT to demonstrate the renal collecting
system and identify subtle leaks (especially after trauma).

With boys, the child needs to he positioned obliquely to open out

t he urethra (which would otherwise be foreshortened in the AP pro-
jection) and to equalise soft-tissue densities between bladder base
and distal urethra. These views must include the bladder base and

t he tip of the penis. Cyclical filling of the bladder may increase the
sensitivity for detection of vesicoureteric reflex at the expense of

i ncreased radiation close. Antibiotics should be considered in those
who have had a recent urinary tract infection and those with struc-
tural ahnormalitics, as detected by ultrasound.

Genitography This is required in the presence of structural
ahnormalitics of' the urogenital tract and in the presence of
ambiguous genitalia. It is usually combined with micturating
eystourethrography. Water-soluble contrast medium is injected
gently into the perincal orifice and spot images obtained in the
frontal (All) and lateral projections to delineate anatomy.

Loopography This is required to evaluate the anatomy and
patency of distal small or large bowel after a defunctioning surgi-
cal procedure, prior to reconnection. This is commonly performed
i n infants with anorectal anomalies who may have an associated
fistula to the urogenital tract (posterior urethra in boys and vagina
i n girls). The study is performed by introducing a small catheter
i nto the distal stoma and injecting water-soluble contrast media
by hand under high pressure. The distal bowel is distended and
any fistula present has the best chance of being identified. The
l ateral projection is the most useful. Antibiotic cover is required
because of the risk of bacteracmia and sepsis. This examination is
usually performed in conjunction with a micturating cystogram.

Radionuclide radiology

General principles The commonest radionuclide investigations of

t he urinary tract in children are dynamic renography and static renal

i maging. The former is helpful in the evaluation of the dilated
urinary tract and the latter for the detection of structural abnormali-
ties of the kidney, especially renal scarring alter infection and posi-
tional abnormalities such as ectopia and aplasia. The activity of

i njected radiopharmaceutical is scaled clown from adult doses and
depends upon body weight, although there is an irreducible
mininwm activity consistent with satisfactory count rates and image
quality. Sedation is required in less than 10% of patients in most
centres with experienced stall used to working with children. A
quiet environntenl, sufficient distraction, swaddling and immobilisa-
lion devices are helpful. The use of a topical anaesthetic cream and
distraction teehniques during injection are important.

I ntravenous urography
This is not commonly performed in children as most clinical prob-
lems can he resolved with a combination of ultrasound and radio-
nuclide technques. The main indications for intravenous urography
(IVU) arc the clarification of structural renal and ureteric abnormal-
ities, especially those of the collecting system, typically prior to
surgical intervention. There is now no routine indication for the
I VU in the evaluation of urinary tract infection and the detection of
renal scarring in children. A non-ionic water-soluble contrast

medium with an iodine content of 300
mg/ml

i s injected in a close
that depends on body weight (approximately 2 ml/kg to a maximum

of 50 ml). Children are fasted for 3-4 hours prior to injection but
bowel preparation is not required. Abdominal compression is not
practicable in infants and young children and is not routinely used
i n older children. Tomography is unnecessary as line detail of
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Fig. 29.59 Computed tomography. Axial image through renal hilum
shows clearly the left renal vein and right renal artery. There is prominent contains them. In urological (and angiographic) practice they all
fetal lobulation and corticomedullary differentiation. depend on iodine atoms for their radiodensity. Original work with

sodium iodide in the first third of the last century showed the use-
Sedation or general anaesthesia will he required if the child is fulness of iodine-containing compounds as a contrast medium hill

t oo young or ill to cooperate. In older children it is helpful to have t his preparation was too toxic for clinical use. In the 1950s. rela-
an intravenous cannula in place prior to arrival at the CT scanner so lively safe contrast media were developed based on a tri-iodinated
that trust and cooperation are not jeopardised during the scan. benzene ring in which iodine atoms were attached to the henzene
Water-soluble contrast medium should be injected at a close of ring at the carbon atoms conventionally labelled 2, 4 and 6
2 ml/kg (up to a maximum volume of 50 ml) just prior to scanning. ( Fig. 29.60). The solubility of this compound depends on a car-
Use of a pitch of 1.5 on spiral scanners is adequate. Slice thickness hoxyl radical attached to the henzene ring at position I. By varying
will depend on the size of the child and varies between 5 mm and the radicals attached to the remaining carbon atoms of the benzene

1 0 mm reconstructions. ring (3 and 5), a family of contrast media were produced (diatri-
zoate, iodamide, i0thalumate and ioxithalamate). They werc used

Magnetic resonance imaging extensively in intravenous urography, angiography and other eon-
MRI is in many ways an ideal modality for imaging children, as it Vast investigations such as ret ograde pyelography, cystography and
does not use ionising radiation and has good soil-tissue contrast reso- urethrography. Conventionally, contrast medium strength is
l otion and a multiplanarcapability. Its disadvantages include relatively described as milligrams of iodine per millilitre; commercial prepa-
l onger scan times, noise and the enclosed position of the patient in rations having been available from 150 to 420, depending on the
the scanner. Because of the frequent need for sedation or anaesthesia, clinical application.
the full potential of MR has not yet been exploited in young children. Although these compounds are extremely safe compared with
Its main role in children is in the staging of renal tumours, and in many medical compounds they have a number of disadvantages.
answering specific questions not resolved by ultrasound. They all contain a carhoxyl radical in order to he adequately water-

Gadolinitnrt contrast medium may increase the conspicuity of soluble. This. however. is a proton donor and therefore they are all
i ntrinsic renal abnormalities. It can also he used in the form of a i onic salts, the cation being sodium or nieglumine (or a mixture).
dynamic study. analogous to radionucIidc renography. with regions Consequently. at therapeutic doses they have a high osmotic poten-
of interest being drawn over both kidneys. and a plot made of tial. Injected intravenously t his is responsible for minor (hut
t ransit of contrast medium through the kidney. unpleasant) side-effects such as nausea and vomiting. Intra-

arterially. there is an intense local sensation of heat' and pain. worse
Sedation and anaesthesia i n ischaemic limbs. The high osmotic potential also constitutes a
Most diagnostic imaging may he performed in infants and children substantial cardiovascular challenge, prohibits use in the sub-
without sedation and anaesthesia. A careful explanation of the pro- arachnoid space and is dangerous if aspirated into the lungs. In
cedurc to the child and parents, calm and confident staff and a quiet addition to these problems there is a rare bill well-recognised risk of
environment will facilitate this. Examinations need to he tailored to anaphylactoid sensitivity reactions that may lead to whceziness,
answer the clinical question that has been posed. To obtain high- l aryngeal oedema, cardiovascular collapse and fatalities. Although
quality examinations of young and ill children, sedation or anacs- t here is still considerable uncertainty about the exact mechanismst

hesia are frequently required. This particularly applies to MR I, CT i nvolved in the latter group 01' i diosyncratic sequelae, it appears
and interventional proccdurcs. Both CT and MRI have advantages related at least in part to the high osmotic potential of these corn
amid disadvantages, and local experience, circumstances and pounds. The osmolality of blood is approximately 290 mmol/k`g
resources will determine which is most appropriate. water. 150 strength ionic contrast is approximately 701) mmol/kg.

while 350-421) strength ionic contrast (the range used for intra-
venous urography) is approximately 2000 mmol/kg.

I n the 1960s, therefore, a group of compounds. collectively
referred to as non-ionic contrast media (compared to the pre-
existing ionic contrast). were developed to overcome these proh-
l ems. The non-iodine radicals at positions I, 3 and 5 (including the

Water-soluble contrast media are a group ofcompounds that absorb
X-rays and therefore increase the radiodensily of the structure that

Fig. 29.60 Molecular structure of
the building block for water-soluble
contrast media.
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vascular and hypersensitivity reactions, with occasional fatalities
(11/214 033). Intravenous non-ionic agents have a much lower inci-
dence of both major and minor side-effects, the largest study available
suggesting an incidence of severe or very severe reactions being
reduced from a rate of 0.04% with ionic agents (169 284 cases) to
0.004% with non-ionic agents (169 363 cases). Postcontrast nephro-
toxicity also appears to be less frequent with low-osmolality contrast
agents compared to high-osmolality contrast agents.

Initially because of cost considerations, non-ionic contrast
agents were introduced only for patients most at risk of adverse
reactions with ionic agents. This included children, the elderly,
patients with a history of asthma, allergy or hypersensitivity,
severe cardiopulmonary disease, renal impairment, diabetes
mellitus or myeloma. In practice they are now universally indi-

cated for intravenous use.
As well as reducing the rate of adverse reactions, the lower

osmolality of the non-ionic contrast agents provokes less osmotic
diuresis. This results in improved imaging, as the concentration of
contrast in the collecting system, and hence its opacification,
appears to be increased, although this potentially comes at the cost
of reduced distension of the collecting system.

The following advice is taken from that of the Royal College of
Radiologists on the management of reactions to intravenous con-

trast media. In the event of an adverse reaction of any severity, intra-
venous access should be maintained and the patient observed. For
mild adverse reactions (nausea, vomiting, modest urticaria), this is
likely to be sufficient, along with reassurance and where necessary
an oral antihistamine. For more serious reactions, 100% oxygen at

1 0-15 1/min should be administered. Wheeze should be treated with
nebulised salbutamol (5 mg in 2 ml). If hypotension develops, intra-
venous fluids are infused rapidly (Gelofusine 10-15 ml/kg).
Bradycardia can be treated with atropine 0.6 mg, repeated every 5
min to a maximum of 3 mg. As soon as a cardiovascular disturbance
develops, an anaesthetist/cardiac arrest team should be summoned
urgently. If bronchospasm, urticaria or laryngeal oedema are devel-
oping, 500 mg of intravenous hydrocortisone can be administered

i ntravenously. This may not, however, produce a response for some

ti me and 10 mg of chlorphenamine (chlorpheniramine) given slowly
over 1-2 min intravenously may be required. In the event of life-
threatening hypotension/cardiovascular collapse, adrenaline (epi-
nephrine) 500 µg (0.5 ml of 1/1000) should be given
intramuscularly. Standard cardiopulmonary resuscitation procedures
should be instituted as soon as cardiovascular collapse occurs.

A final point about intravenous contrast agents worth considering
is the potential interaction with other drugs. The two in common
use to be aware of are beta blockers and metformin. Beta blockers
increase the risk of anaphylactoid reactions to contrast medium by
up to three times. Stopping beta blockers before the examination is,
however, also potentially dangerous and therefore it is extremely
i mportant to ensure the examination is fully justified and to remain
aware of the potentially increased risk.

Lactic acidosis, a life-threatening metabolic disturbance, may
develop in rare instances in diabetic patients given intravenous con-
trast while on metformin. This is related to renal excretion of met-
formin failing if there is renal insufficiency after contrast medium
administration. However, metformin has a short half-life. The
current advice therefore is for patients to stop taking it for 48 h
from the time of the investigation and then have their renal function
checked and shown to be normal before restarting it.

i onic carboxyl radical) were replaced by long aminohydrocarbons
which provide adequate solubility without ionising. This family of

non-ionic contrast media maintain the radio-opacity of the

previously available agents but with dramatically reduced osmotic
potential. Examples of this type of compound are iopromide,

i ohexol, iopamidol, iovcrsol, iopentol, iobitridol and iomeprol.
Further reduction in osmotic potential has been achieved by com-
bining molecules into pairs producing non-ionic dimers such as

i otrolan and iodixinol. At all concentrations the non-ionic contrast

agents have an osmotic potential of the order of 40-50% (or less)
compared with that of ionic compounds; 350-370 strength non-

i onic (monomeric) contrast being approximately 800 mmol/kg, the
non-ionic dimers being less than half this for equivalent iodine

concentrations.
It is worth considering at this stage how these contrast media are

used. Essentially contrast medium use can be considered in four
categories:

• Luminal filling for example, pyelography (retrograde and
antegradc), cystography and urcthrography. Because contrast is

i njected directly into the lumen of the structure to be examined,
only a relatively low concentration is required, 150 strength
usually being sufficient. Very little contrast is absorbed during
these procedures and therefore contrast-related side-effects are

rare.
• Angiographv-for example, renal arteriography and testicular

venography. The degree of contrast required for adequate

i maging relates to the regional blood flow and the quality of
the fluoroscopic equipment; 240-300 strength is usually

employed.
• Renal excretion-essentially the 1V U. This depends on adequate

renal function and it is pointless attempting an IVU once the
creatinine is above 500 µcool/litre. Even with good renal
function a relatively high concentration of contrast is required,
as it is administered intravenously and has to he filtered by the
kidney; 350-370 strength contrast is generally used. Around
99% of intravenous (or intra-arterial) contrast is excreted by the
kidneys, with a half-life of 1-2 h with normal renal function.

• Parenchvmal staining (enhancement) essentially the
postcontrast CT scan. With good quality equipment and correct

timing, 300-350 strength contrast produces adequate contrast.

As indicated above all of the contrast media considered here are
extremely safe. In lumen-filling uroradiological procedures the risk
of contrast-related side-effects is extremely remote. It is therefore
safe to continue with the routine use of 150 ionic contrast medium
for antegrade and retrograde pyelography, cystography, urethro-
graphy, conduitograms and related procedures unless the patient has
a history of major contrast sensitivity reactions. In these circum-
stances the tiny amount of contrast that might be absorbed during
the procedure could potentially provoke a significant reaction. It
would therefore he best to avoid a contrast investigation, or if nec-
essary use a gadolinium preparation, which has good radiodensity
and because of its renal excretion can also be used for intravenous
urography.

I ntra-arterial use of ionic agents has long been discontinued
because of its unpleasant local side-effects. Intravenous use of ionic
agents is associated with a high rate of minor side-effects (approxi-
mately 5%, mainly nausea and vomiting), rarely with severe cardio-
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Fig. 30.2 (A) Longitudinal renal ultrasound scan
showing a prominent column of Bertin (arrow).
(B) Transverse scan showing the same feature
(arrow).
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Fig. 30.1 Renal ultrasound
demonstrating the characteristic
pattern of persistent fetal lobula-
tion.

CONGENITAL LESIONS AND VARIANTS

Fetal lobulation Definitive renal tissue develops in utero from
i ts embryological precursor (the metanephros) in response to local
sti mulation by the formation of adjacent calyces, as a con-
sequence of the budding of the renal pelvis, which in turn devel-
ops from the upper end of the ureter. Renal tissue therefore

develops as a series of 8-16 lobules and the lobulated structure
remains apparent at birth. This feature gradually disappears over
the first 5 years of life as the kidney grows. In up to 5% of the
population. however, lobulation persists. This is of no clinic ~l
significance but it is important not to confuse it with the scars of
reflux nephropathy. Characteristically in persistent fetal lobula-
tion the parenchyma is of normal thickness (14 mm or more) with to represent normal renal tissue on ultrasound (Fig. 30.3) or CT.
smooth indentations between the calyces. Where scarring results DMSA scans have been performed to confirm normal renal tissue
from vesicoureteric reflux the scars occur over the calyces, which but this should rarely be necessary with modern imaging.
are abnormally clubbed. The characteristic outline of fetal lobula-

Renal agenesis Failure of the ureteric bud to reach the
tion and its relationship to the calyces (or pyramids) can be seen

metanephros results in renal agenesis. Predictably the ipsilateral
on IVU, ultrasound, CT and MRI (Fig. 30. 1 ).

ureter and hemitrigone also fail to develop, although occasionally
Renal pseudotumours Prominent areas of normal renal tissue a blind-ending ureteric stump is present. Ipsilateral adrenal agene-
may develop and appear as mass lesions, particularly on IVU. sis is seen in 10%. Associated ipsilateral urogenital abnormalities
They are of no clinical significance but may be misdiagnosed as are common and include absence of the vas deferens, unicornuate
neoplastic masses. A column of Bertin is commonly encountered. uterus and absence or cyst of the seminal vesicle. Multiple anom-
This variant is due to a prominent column of normal renal alies in other systems may be present, particularly cardiovascular,
parenchyma, usually at the junction of the upper and middle gastrointestinal and musculoskeletal. The classical association is
thirds of the kidney. It is often bilateral. Careful study of it on seen in the VATER syndrome where developmental lesions may
ultrasound or contrast CT should demonstrate normal renal tissue i nclude vertebral and ventricular septal anomalies, anorectal
(Fig. 30.2). A dromedary or splenic hump is a prominence of the atresia, tracheal and oesophageal lesions (fistula and atresia) and
superolateral border of the left kidney. Again it can be confirmed radial bone abnormalities.

J ulian E. Kabala

with a contribution from Carl Roobottom



Fig. 30.3 Dromedary hump related to the
l ateral border of the left kidney on I VU (A)
and ultrasound (B).

atrophic following a major pathological insult (particularly vesi-
coureteric reflux or infarct) and may be overlooked, particularly on
ultrasound.

Bilateral renal agenesis is rare (1/3000 live births). Oligo-
hydramnios develops as a result of the in utero failure of urine pro-
duction resulting in Potter's syndrome, with characteristic facies
and early death from pulmonary hypoplasia.

Renal dysplasia This failure of development of normal renal
tissue is usually unilateral and affects the whole kidney.
Occasionally it is bilateral and leads to renal failure in infancy.
Rarely it affects the upper pole of one kidney only. On ultrasound
the kidney is small, with either a smooth outline or marked fetal
l obulation. There is loss of corticomedullary differentiation and
tiny cortical cysts may be visible. On IVU the kidneys excrete
contrast, which demonstrates a lack of papillary development, the
calyces appearing clubbed. There is an association with vesi-
coureteric reflux and numerous congenital syndromes including
Beckwith-Wiedemann and Laurence-Moon-Biedl (Fig. 30.5).

Renal hypoplasia This condition is thought to arise as a result of
an intrauterine insult, probably vascular, that impairs adequate
development. The kidney is normal in shape and smooth in
outline but is small, typically containing five or less calyces,
which are also otherwise normal. Similarly the renal parenchyma
is normally functioning but the global renal function is reduced in

proportion to its size.

Supernumerary kidneys These are extremely rare, usually left-
sided, hypoplastic and caudally positioned. Ureteric drainage may
be separately into the bladder or into the normal kidney's ureter.

Rotational abnormalities Failure of normal developmental rota-

tion (malrotation) leaves the pelviureteric junction pointing ante-
riorly. This relatively common, harmless anomaly produces a
characteristic appearance on ultrasound, IVU (Fig. 30.6) and CT.
Rarely overrotation occurs, leaving the pelviureteric junction

pointing posteriorly.

Renal ectopia Failure of complete ascent of the kidney to the
l evel of the second lumbar vertebra is relatively common, the
kidney coming to lie anywhere from the pelvis upwards.
Overascent is rare. There is usually an anomalous blood supply
with multiple renal arteries from the aorta or iliac vessels at the
l evel of the kidney. A pelvic kidney is encountered in 1/1000 live

Fig. 30.4 IVU showing left renal agenesis with bowel gas within the left
renal bed. The large right kidney shows a bifid renal pelvis, the mildest form
of renal duplication.

Unilateral agenesis is not uncommon, occurring in up to 0.1 % of
live births with a ratio of three males to one female. As an isolated
l esion it is asymptomatic but there is an increased incidence of con-

tralateral renal abnormalities, including ectopia and malrotation.
Occasionally unilateral renal agenesis can be diagnosed on plain
films by the absence of a renal outline and medial displacement of
the splenic (on the left) or hepatic (on the right) flexure into the
renal bed. The contralateral kidney, when normal, commonly shows
compensatory hypertrophy and this may be visible on the plain
fil m. These features are easier to see on ultrasound and IVU
(Fig. 30.4). CT or radionuclide investigation demonstrating uni-
l ateral absence of renal tissue can be regarded as definitive. Failure
to identify a kidney in the normal site may he due to agenesis,
ectopia or nephrectomy. Occasionally a kidney becomes severely
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Fig. 30.5 Renal dysplasia in Laurence-Moon-Biedl
syndrome showing poorly developed papillae and small
communicating calyceal diverticula on IVU.

rate of contralateral renal anomalies, including agenesis and
ectopia. When both kidneys remain in the pelvis they may fuse,
producing the small pancake kidney, which is very frequently
associated with other congenital anomalies.

Overascent is almost always limited by the diaphragm but there
may be some superior herniation through a localised evcntcration,
and very rarely a true intrathoracic kidney (Fig. 30.8).

Horseshoe kidney This is a common renal anomaly affecting
1/400 live births, with a 2 to I male predilection. In utero contact
between the metanephric tissue of the developing kidneys results
in a midline connection (isthmus) between the lower poles. The
i sthmus may be anything from a fibrous band to (more coin-
monly) a block of renal tissue. The ascent of the combined
kidneys is arrested in the low abdomen as the isthmus impinges
on the inferior mesenteric artery. There is generally associated
malrotation and accessory renal arteries. It is often associated
with pelviureteric junction obstruction. There is an increased inci-
dence of renal calculi, assumed to be due to relatively poor
drainage of the pelvicalyceal systems with the ureters running
anteriorly over the isthmus. Its low position directly over the
spine also increases the risk of injury. Other associations include
anomalies of the gastrointestinal tract and cardiovascular system,
an increased risk of Wilms' tumour, medullary sponge kidney,
Turner's syndrome and Ellis-van Creveld syndrome.

Fig. 30.6 Malrotation of the left kidney
on IVU showing the anteriorly pointing
renal pelvis projected over the calyces.

births, with a male predominance of around 1.5 to 1 (Fig. 30.7).
The kidney is often small and the pelvic position is associated
with an increased risk of trauma, vesicoureteric reflux and calcu-
l us formation (due to urinary stasis). There is also an increased

Fig. 30.7 Pelvic kidney seen on IVU (A) and (different patient) CT (B).



Fig. 30.9 IVU (A) demonstrating a horseshoe kidney. The isthmus of
fused renal tissue across the midline is well seen on CT (B).

Fig. 30.10 Crossed fused ectopia demonstrated on IVU.

side of the bladder. Again there is a male predilection and it is
more common on the right (Fig. 30.10).

Renal vascular abnormalities As the kidneys ascend they
sequentially acquire and then lose arteries along the iliac arteries
and then the aorta. Failure of involution of one or more of these is
a common developmental variant and is seen in up to 25% of live

The characteristic configuration of a horseshoe kidney is often
visible on the plain film but is better seen on the nephrogram phase
of an IVU. The isthmus may be poorly seen due to its position over-
l ying the lower lumbar spine, especially if it contains little renal
parenchyma. The kidneys themselves are low lying, with their
upper poles pointing superolatcrally, lower poles inferomedially.
The upper poles are usually at the same height. The pelvicalyccal
systems point anteriorly and show fullness or some degree of stasis
(Fig. 30.9). On ultrasound the kidneys are seen to lie low but the
isthmus may be difficult to see and the diagnosis overlooked. CT or
MR1 will reliably show the characteristic shape and position of a
horseshoe kidney.

Crossed fused ectopia This can be regarded as a horseshoe
kidney that has slipped superolaterally so that both kidneys come
to lie on one side. The ureter draining the upper moiety inserts
orthotopically on the ipsilateral side of the bladder. The lower
moiety ureter also inserts orthotopically but into the contralateral

Fig. 30.8 I ntrathoracic kidney seen on IVU (A) and a transverse T 1 -weighted MR scan (B).
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Fig. 30.11 (A) Main stem renal artery supplying the upper
two-thirds of the kidney with (B) an accessory lower pole renal
artery demonstrated on angiography.

bifid renal pelvis, which is a normal variant. Otherwise duplica-
tion abnormalities (duplex kidneys) are characterised by two (on
rare occasions more than two, up to six having been reported)
ureters and renal pelves. The duplication of the ureter may be

incomplete (the ureters fusing at some point in their course and
having a common distal ureter and orifice) or complete (both
ureters having separate distal orifices). Incomplete duplication is
almost always of no clinical significance, although in a small pro-
portion of cases it may be associated with yo-yo reflux in which
urine from one ureter refluxes back up the other ureter. This may

l ead to loin pain on micturition and urinary tract infection.
Completely duplicated meters are associated with a number of

potential problems. They may be associated with pelviureteric junc-
tion obstruction. The lower renal moiety drains via the ureter with
the orthotopic insertion (i.e. inserts on the trigone in the anatomi-

births, most commonly a small lower pole artery (Fig. 30.11 ). The
presence of an accessory renal artery is of significance and should
be identified if certain surgical procedures are being considered
(partial nephrectomy, endoscopic pyeloplasty and live renal trans-
plantation). They are common in horseshoe and crossed fused
kidneys. Accessory renal veins occur in up to 1/8 live births and
are often retroaortic on the left.

Duplication abnormalities These are common, being found in

1 0% of the population. The most minor form of this condition is a

Fig. 30.12 Duplex ureters on IVU: complete bilateral (A) and partial left-sided (B).



Fig. 30.15 The classical
drooping lily sign on IVU (A).
The lower pole moiety has
been displaced inferolaterally
by an upper pole hydro-
nephrosis. This usually occurs
due to obstruction of the
upper pole moiety ureter at its
orifice associated with ectopic
i nsertion or a ureterocele. In
this case it is due to a calculus
i n the upper pole moiety
ureter (B).

Fig. 30.14 (A) Ultrasound of duplex kidney with upper pole moiety hydronephrosis; there has been virtually complete loss of cortex from the upper pole
moiety. Similar features seen on MRI in a different patient with a small, chronically hydronephrotic upper pole moiety (B).
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cally correct site) but is often associated with vesicoureteric reflux.
The ureter draining the upper moiety is inserted ectopically and its
termination is always distal to the lower moiety insertion. This is
usually within the bladder on the trigone inferior and medial to the
orthotopic ureter but it may insert in a number of other sites. This is
mainly within the bladder on the neck. In the male, the insertion is
never inferior to the external sphincter and is therefore very rarely
associated with incontinence. In the female, ureteric insertion into
the urethra or vagina may occur and lead to continuous inconti-

nence and vulnerability to ascending infection. There is often steno-
sis of the ureteric orifice with a variable degree of obstruction. The
upper moiety ureter has a strong association with ureterocele for-
mation, which is present in up to one-third of cases. Vesicoureteric
reflux much less commonly affects the upper moiety.

An uncomplicated duplex kidney appears enlarged on all
i maging modalities. The two collecting systems are visualised on
I VU (Fig. 30.12), while the sinus fat surrounding the collecting

Fig. 30.13 Ultrasound of duplex kidney.
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systems of the two moieties and the renal parenchyma separating
them are easily seen on ultrasound (Fig. 30.13). Analogous appear-

ances are seen on CT and MRI (particularly good-quality T1-weighted images). The features of reflux nephropathy (cortical

scarring and clubbing of the calyces) may be present, most often
affecting the lower moiety. If the upper moiety ureter is severely
obstructed, the upper moiety becomes hydronephrotic and shows
diffuse cortical loss, demonstrable on ultrasound, CT or MRI
( Fig. 30.14). The upper moiety may opacify late or not at all
and the hydronephrotic pelvis may displace the lower pole moiety
i nferiorly, giving rise to the so-called drooping lily sign
(Fig. 30.15). On rare occasions three or more separate ureters have
been seen on one side (Fig. 30.16).

ureteroceles These are submucosal dilatations of the intramural
distal ureter. They often project into the bladder lumen. They may Fig. 30.16 Triplex ureters demonstrated on IVU.

become large and on occasion obstruct the other ipsilateral ureter
of a duplex system and even the urethral orifice, provoking bi-
l ateral hydronephrosis. Most of them are associated with the

Ureterie diverticulum This is presumed to be an abortive form of

upper moiety ureter of a duplex system and are therefore ectopic.
ureteric duplication. It consists of a saccular or fusiform ureteric

These have a strong tendency to obstruction, sometimes severe,
stump connected to the normal ureter. It predisposes to urinary

with marked hydroureter and hydronephrosis. There is a female
tract infection and calculi.

preponderance of approximately 4 to 1. Multicystic kidney This is a relatively common condition, which,
A minority of ureteroceles are not associated with ureteric duplica- i f not detected antenatally, usually presents as a childhood

lion and, although congenital, usually present in adults, often as inci- abdominal mass. It is thought to be due to in utero failure of the
dental findings. They tend to he relatively small but may be associated ureteric bud to connect with the nephrons in the metanephric
with calculi and urinary tract infection. They are not usually associ- blastema. The ureter in turn fails to develop and is atretic, while
ated with significant obstruction until complicated by calculi. the kidney becomes non-functioning. On ultrasound or CT the

On IVU the ureterocele can be seen as a contrast-filled struc- kidney is composed of non-communicating cysts of varying size.
ture with a thin smooth radiolucent wall surrounded by contrast- A variant of this condition (hydronephrotic multicystic kidney)
containing urine in the bladder. This has been described as a cobra's has been described in which only the upper end of the ureter is
head appearance. If the ureterocele is obstructed and the associated atretic and the cysts within the kidney are arranged around a large
kidney non-functioning, it appears as a well-defined radiolucent central cyst, with which they may communicate. It has been sug-
mass within the opacified bladder (Fig. 30.17). On ultrasound it gested that this may represent an extremely severe form of
appears as a thin-walled purely cystic structure projecting into the intrauterine pelviureteric junction obstruction. Multicystic kidney
bladder lumen at the site of ureteric insertion. Associated ureteric is associated with an increased risk of contralateral pelviureteric
calculus and dilatation and hydronephrosis can also be seen. junction obstruction.

Fig. 30.17 Full length film
from an IVU series showing a
non-opacified partly obstruct-
ing ureterocele surrounded by
opacified urine in the bladder
(A). A later full length film
shows opacification of the dis-
tended upper moiety ureter
running down to the
opacified ureterocele (B).
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Polycystic kidneys Multiple cysts are seen in numerous congeni-
tal (mostly rare) syndromes, including Laurence-Moon-Biedl,
Noonan's, Turner's and the trisomy syndromes. The most fre-
quently encountered clinically important conditions in adults are
polycystic disease of kidneys, tuberous sclerosis and von
Hippel-Lindau syndrome. There are two principal types of poly-
cystic kidneys: autosomal recessive and autosomal dominant.

I n autosomal recessive polycystic disease of the kidneys
( ARPCK) the renal parenchyma is replaced by numerous tiny
(1-8 min) cysts. It has been referred to as infantile PCK but there
are four subtypes (perinatal, neonatal, infantile and juvenile), so
ARPCK is the preferred term. Most present in the neonatal period
with oligohydramnios and Potter's syndrome, with early death from
respiratory failure. In the older subtypes renal function is better
preserved. However, there is an association with periportal fibrosis
and subsequent liver failure, which increases in frequency with age
of presentation until the juvenile subtype, when the liver disease
predominates. On ultrasound the kidneys are diffusely echogenic Fig. 30.19 Ultrasound showing relatively early polycystic disease with
rather than cystic in appearance. On IVU there is a striated nephro- multiple simple cysts demonstrable.

gram thought to be due to contrast lying in the minority of pre-
served functioning tubules next to dilated non-opacified diseased
tubules.

In autosomal dominant polycystic disease of the kidneys
(ADPCK) numerous cysts of varying size, often becoming
extremely large, develop within the kidneys, gradually replacing
normal renal parenchyma and ultimately producing renal failure. It
usually presents between 20 and 39 years of age, although milder
forms may not present until over 60 years and lack of renal failure
has been observed in some patients up to 80 years of age.
Presentation is usually with hypertension, renal insufficiency, com-

plications of the multiple cysts (haematuria, pain and infection) or
as an abdominal mass discovered on incidental clinical or imaging
examination. There may be associated cysts in the liver (50 (1c of
cases), pancreas, spleen and lung; 15% have associated berry Fig. 30.20 CT scan showing multiple cysts in the left kidney. The disease

aneurysms and there is an increased incidence of coarctation and i n this patient is dominated by multiple hepatic cysts, the right lobe

valvular hear disease. On IVU the plain films may show some cyst containing a particularly large one.

calcification. On the contrast films the kidneys are seen to be
enlarged and the cysts may be visible as multiple well-defined non-
perfused areas surrounded by normal areas of renal parenchyma.
The calyces have a classical stretched appearance due to the pres-
ence of multiple cysts (Fig. 30.18). Ultrasound demonstrates multi-

pie bilateral (but often asymmetrical) renal cysts of varying size and
i s more sensitive than IVU at the detection of small cysts in earlier
disease (Fig. 30.19). In 10% of cases the disease is extremely asym-
metrical but in virtually all cases it is bilateral and progressive.
I nitially the cysts are simple and separated by normal renal
parenchyma. Over time they increase in number to produce marked
bilateral renal enlargement, and the normal parenchyma disappears.
The cysts are prone to haemorrhage and infection with episodes of
pain, pyrexia and haematuria. As a result of this, some of the cysts
may become thick-walled, septated, calcified and contain echogenie
debris. CT and MRI will also show multiple cysts of varying size
and contents (Fig. 30.20) with wall calcification more reliably
demonstrated on CT. In patients with haematuria a small coexistent
malignancy is extremely difficult to diagnose or exclude and occa-
sionally serial imaging is required. There is a link at chromosomal
level with tuberous sclerosis and some kidneys show features of
both conditions in varying proportion (Fig. 30.21).

Tuberous sclerosis This is an autosomal dominant neuro-

cutaneous disorder of low penetrance and extremely variable
expressivity with a spectrum of central nervous system and cuta-
neous manifestations, including cerebral hamartomas, con-
vulsions and adenoma sebaceum. Renal manifestations include
multiple bilateral angiomyolipomas (Fig. 30.22) and cysts. There

Fig. 30.18 I VU demonstrating the characteristic stretching of calyces by
cysts in polycystic kidneys.
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Fig. 30.22 Ultrasound of a patient with tuberous sclerosis showing mul-
tiple small, highly echogenic angiomyolipomas.

elation with endocrine tumours, which may be multiple, including
phaeochromocytomas and islet cell tumours.

Medullary cystic disease This condition is characterised by
medullary cysts. Along with the related juvenile nephronophthisis
there is progressive tubular atrophy with resultant salt-wasting
nephropathy and renal failure.

Medullary sponge kidney This is a common condition due to
ectasia (fusiform or cystic) of the collecting ducts within the renal
pyramids, seen in up to I in 200 IVUs. It is generally bilateral but
may be unilateral or segmental, affecting as little as a single
papilla. It is usually a benign incidental finding but there is a
weak association with some tumours (Wilms' disease and
phaeochromocytomas), other developmental lesions, such as
horseshoe kidney, and distal renal tubular acidosis and some syn-
dromes (hemihypertrophy, Caroli's and Ehlers-Danlos). On IVU

Fig. 30.21 Ultrasound in a patient with tuberous sclerosis showing cysts
and small echogenic angiomyolipomas in the kidney.

i s a chromosomal link with autosomal recessive polycystic

kidneys, which is likely to explain why sometimes in tuberous
sclerosis the only renal abnormalities are multiple cysts.

Von Hippel-Lindau disease This is an autosomal dominant
neurocutaneous disorder of incomplete penetrance and variable
expressivity. Patients with this condition have a high incidence of
multiple cysts in a variety of organs, including the kidneys (75%),
liver and spleen; 50% develop pancreatic cysts, which may be
associated with pancreatic insufficiency and diabetes. These
patients are also prone to tumours in different organ systems,
especially renal cell carcinoma (25-40%Io of patients, 75% multi-
focal), cerebellar haemangioblastoma, retinal angiomas and
pancreatic adenocarcinomas and adenoma There is also an asso-

Fig. 30.23 Medullary sponge kidney on I VU

showing linear (A) and saccular (B) ectasia of the col-
l ecting ducts. This is often associated with the forma-
tion of small calculi (C).
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it is seen as multiple linear, sometimes saccular contrast collec-
tions within the medulla (Fig. 30.23). It should be borne in mind
that a good-quality IVU will often show a papillary blush with
some fine contrast streaking, which should not be overdiagnosed
as medullary sponge kidney. The condition itself is asymptomatic
and has no ultrasound features. However there is a tendency
for small calculi to form within the ectatic tubules. These are
often subtle but may become florid, producing the features of
nephrocalcinosis. Calculi may pass into the calyces and beyond,

producing ureteric colic.

Calyceal diverticulum This is a common variant found in I in
250 IVUs and is an intraparenchymal cavity lined with transi-
tional epithelium. The diverticula are usually a few millimetres in
diameter (occasionally much larger) and communicate with a
minor calyx, either centrally or at a fornix. Occasionally they
arise from the infundibulum to a major calyx, rarely directly from
the renal pelvis. They do not receive drainage from nephrons
and therefore opacify during IVU after the rest of the calyces
( Fig. 30.24). They may be identified on ultrasound, often being
mistaken for a small cyst or hydrocalyx. Stasis within them leads
to an increased risk of urinary tract infection and calculi.

Pelviureteric junction obstruction This condition has a spectrum
of severity from severe antenatal hydronephrosis with global cor-
tical loss to radiologically demonstrable hydronephrosis in the
adult without apparent symptoms or loss of renal function. The
cause of this condition is still not entirely clear and has provoked
much controversy. Possibilities include an intrauterine ischaemic
insult, excess collagen within the wall of the pelviureteric junc-
tion (PUJ) or the presence of aberrant blood vessels. Up to 20%
are associated with an accessory renal artery running across the
PUJ, which may be visible on the IVU as a smooth indentation.
I n some cases, however, the crossing blood vessels appear to be
secondary to the development of the hydronephrosis and not the
cause. The defining lesion is hydronephrosis that develops with a
narrowed PUJ, which fails to relax and transmit the peristaltic
wave to the ureter. Initially this is intermittent. In adult practice
the typical presentation is of episodes of severe loin pain in a
young adult, which may be related to the consumption of large
quantities of fluid provoking a diuresis.

Fig. 30.25 Gross right hydronephrc
sis with failure of contrast excretior
Thin septae of renal tissue can just b
seen separating the dilated nor
opacified calyces. The left kidney is also
affected, albeit to a lesser degree
showing a tight pelviureteric junctio
and dilatation and clubbing of the
calyces and renal pelvis.

During the acute episode there are features on IVU of severe
acute obstruction, which include a delayed, increasingly dense
nephrogram and delayed appearance (sometimes up to 24 h or
more) of contrast within the collecting system. When opacification
occurs it demonstrates clubbed calyces and a dilated pelvis. Prior to
opacification of the pelvicalyceal system there may he a negative
pyelogram, i.e. dilated calyces appearing as radiolucent areas sur-
rounded by the denser areas of the nephrogram (Fig. 30.25).
Contrast may be seen with a curvilinear configuration just periph-
eral to the calyces. This appearance has been termed `crescents' and
i s thought to represent contrast stasis in collecting ducts displaced
around distended calyces (Fig. 30.26). The PUJ is tightly closed
and the ureter is often not opacified. Ultrasound will demonstrate a
hydronephrosis without a dilated ureter. Where the ureter is not
demonstrated at all, a retrograde pyelogram may be performed to
confirm the nature of the diagnosis and ensure a neoplastic or other
cause for the obstruction is not being overlooked. The urologist
may have difficulty positioning the ureteric catheter all the way into
the pelvis because there is often something of a U-bend at the upper
end of the ureter in association with the hydronephrosis and poten-

Fig. 30.24 Calyceal diverticulum initially not seen on the 5 min IVU film (A) but fills retrogradely with contrast on the 15 min film (B).



Fig. 30.26 Bilateral pelviureteric junction
obstruction (A). The left kidney is more
severely affected, with contrast still visible
i n the collecting ducts as crescents. Class-
i cal right pelviureteric junction obstruction
with kinking of the upper ureter (B). The
same case after surgery (C) showing the
straight medial edge of a pyeloplasty.

Fig. 30.27 Chronic right pelviureteric junction obstruction with almost
complete cortical loss seen on CT.

tially related to an aberrant renal vessel. The investigation will
demonstrate a normal-calibre ureter and usually contrast flows into
the renal pelvis. It is important not to overfill the pelvis, partly to
avoid extravasation and partly to avoid chemical pyelitis if a high
concentration of contrast medium (particularly ionic) sits in contact
with the urothelium of the obstructed system.

The episode of obstruction may be sufficiently painful and pro-

tracted as to require percutaneous drainage. More often it resolves
spontaneously as the PUJ relaxes. It is in the nature of the condi-
tion, however, to progress to chronic significant obstruction with
gradually progressive cortical loss, although the rate at which this
occurs and the proportion of patients in which it occurs remains
uncertain. This may happen silently and the hydronephrosis and
cortical loss can become gross (Fig. 30.27). Ultimately this may
present at any age as a result of calculus formation in the large pool
of urine in the pelvicalyceal system and/or infection, which may he
severe and progress to pyonephrosis. This often occurs acutely but
i s an occasional cause of non-specific malaise, weight loss and low-
grade pyrexia, particularly in the elderly.

Milder cases are more difficult to diagnose. Typically the patient is
a young adult with episodes of loin pain but an IVU or ultrasound is
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i schaemia. They are most frequently seen at the PUJ and the vesi-
coureteric junction. They result in hydronephrosis and loss of
renal parenchyma, depending on their severity.

Retrocaval ureter The right ureter occasionally takes an aberrant
course, running sharply medially posterior to the inferior vena
cava and then dropping inferiorly towards the pelvis along a
course medial to the pedicles. This may be apparent on IVU and
may be confirmed with CT. It is rarely associated with hydro-
nephrosis.

Primary megaureter This is felt to be due to congenitally abnor-
mal musculature of the distal ureter, leading to focal failure of
peristalsis. The ureter above the abnormal segment becomes
dilated, sometimes massively. In severe cases dilatation involves
the entire ureter and renal pelvis. Although the calyceal fornices
usually remain sharp, they may also be involved if the condition is
particularly severe (Fig. 30.29). It is bilateral in 25%. There is a
male preponderance. It is associated with an increased risk of
urinary tract infection and calculi (Fig. 30.30).

Megacalycosis and polycalycosis Occasionally the number of
calyces is increased (polycalycosis) and/or have an abnormal
shape, becoming rounded, with blunting or loss of the normal
sharp fornices (megacalycosis) (Fig. 30.31). It is occasionally
associated with megaureter.

Prune-belly syndrome It is thought that this condition arises fol-
lowing bladder outflow obstruction in utero due to urethral valves,
with the development of hydroureters and hydronephrosis. The
obstruction is overcome (otherwise renal failure and Potter's syn-
drome would develop) but the obstructive phase produces defec-
tive development of the anterior abdominal wall musculature and
the ureteric musculature, with subsequent poor peristalsis and per-
sistent non-obstructive dilatation of the collecting systems (Fig.

30.32). It is associated with cyptorchidism, defective prostatic

Fig. 30.28 Retrograde balloon dilatation of
a pelviureteric junction obstruction: the
balloon partly (A) and fully (B) dilated.

either equivocal or apparently normal, except perhaps for the presence
of a sizeable extrarenal pelvis, which in itself is regarded as a normal
variant. Ideally these patients should undergo IVU at the time of an
acute episode of pain. Alternatively an IVU or renogram with a
frusemide induced diuresis may provoke the characteristic obstructive
appearances (and the pain).

Maximally severe cases are identified antenatally on routine
ultrasound or within the first year of life during investigation for
urinary tract infection or other abdominal condition. The condition
is bilateral in 20% and associated with other urinary tract abnor-
malities such as multicystic disease of kidney, renal agenesis, renal
duplication and vesicoureteric reflux.

If the kidney has reached the stage of marked global cortical loss
then nephrectomy is the best treatment. Preoperative assessment
may include a DMSA scan where there is doubt as to whether or
not there is enough useful renal tissue to justify a more conservative
approach. If the kidney is not so badly damaged as to be worth con-
serving, preoperative assessment may include a MAG3 renogram
to confirm the degree of obstruction quantitatively and act as a
baseline for postoperative assessment. The standard operation is
pyeloplasty with opening and refashioning the PUJ. This gives a
characteristic straight vertical medial edge to the renal pelvis, with
the ureter arising from the inferomedial angle of the pelvis. The
dilatation of the collecting system usually persists on postoperative
i maging but there should be improvement of the drainage.
Endoscopic pyeloplasty is sometimes performed. This involves
cutting through the PUJ from the inside. It is important to exclude
an accessory renal artery against the junction prior to the procedure;
this can be done with angiography or more often now with
CT or MR angiography. Retrograde balloon dilatation of the
PUJ has also been tried but its success rate remains debatable
(Fig. 30.28).

Congenital ureteric strictures The cause of these uncommon
lesions is unproven but again theories include intrauterine



Fig. 30.30 Gross bilateral
megaureters (A) with calculus for-
mation within the dilated distal
ureters (B).

Fig. 30.29 Left megaureter on IVU showing dilatation of the entire
length of the ureter with secondary pelvicalyceal dilatation.

Fig. 30.31 Left megacalycosis with numerous calyces showing poorly
developed flattened papillae.

development and urethral abnormalities, notably valves. Virtually
all patients are male.

I NFLAMMATORY DISEASE

Acute pyelonephritis This is an acute bacterial infection of the
upper urinary tract. It is largely due to ascending infection with
Gram-negative bacilli (most commonly Escherichia coli) and is
associated with cystitis. It commonly affects females throughout
adult life (when the urinary tract is otherwise usually normal) but is
relatively uncommon in young adult males unless there is a struc-
tural or functional lesion of the urinary tract, such as inadequate
bladder emptying. In older males it becomes more frequent in
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Fig. 30.33 Focal severe pyelonephritis appearing as a slightly hetero-
geneous mass.

l eads to an area of localised swelling and reduced function within

the parenchyma, which may appear as a mass of medium to low
cchogenicity on ultrasound (Fig. 30.33) and medium to low density
on CT. When severe, this may appear as a mass on IVU, compress-
i ng the adjacent calyces. The older term for this lesion is acute
l obar nephronia but it is more logical to refer to it as focal
pyelonephritis. These features return to normal after the acute
episode. An area of severe localised pyelonephritis, however, may

Fig. 30.32 IVU on an infant with prune-belly syndrome. There is gross progress to abscess formation. Following an acute episode of
overdistension of the bladder, bilateral hydronephrosis and hydroureters. pyelonephritis the patient should be investigated to look for an

association with benign prostatic disease and consequent blad-
underlying cause, particularly calculi, PUJ obstruction, inadequate

der outflow obstruction. It presents with pyrexia, loin pain and
bladder emptying and diabetes.

tenderness and often symptoms of cystitis.
Emphysematous pyelonephritis This uncommon condition is a

Acute pyelonephritis requires no immediate investigations and is
severe pyelonephritis with a gas-producing organism (generally

usually resolving within 72 h on appropriate antibiotic treatment. If
Gram negative bacilli, especially E. coli), usually in elderly diabetic

the clinical picture is not improving by this stage, further imaging is
patients and frequently associated with ureteric obstruction. Gas

required to investigate the possibility of an abscess (ultrasound or
develops within the renal parenchyma and may also spread to the

CT) or obstruction (ultrasound and/or IVU). Usually the IVU is
perinephric space. There is often enough gas present to enable the

normal. In one-third of cases, however, where the inflammatory
diagnosis to he made on the plain film. CT. however, is more sensi-

process and oedema are more severe, IVU may show some of the tive and will more accurately demonstrate the distribution of the

following features. The kidney may he smoothly enlarged and the
gas. If it is diffusely throughout the kidney then emergency

calyces compressed by the adjacent swollen parenchyma. The
nephrectomy is indicated. Renal function will already have been

affected kidney may show reduction in perfusion and function and a
destroyed and without surgery mortality may be in excess of 50%.

striated nephrogram. Rarely the infecting bacteria release an endo-
If gas is localised to one part of the renal parenchyma a conserva-

toxin that relaxes the smooth muscle of the ureter, which stops peri-
tive approach with intravenous antibiotics and consideration of
CT-guided and the ureter dilates. This may cause considerable concern, guided drainage may be appropriate. Gas in the pelvicalyceal

as if obstruction is suspected in the context of infection, relatively
system and ureter without gas in the renal parenchyma represents

prompt drainage of the collecting system is required, usually by
emphysematous pyelitis and can also be managed conservatively

nephrostomy. Differentiation of obstructive from non-obstructive
(Fig. 30.34). It is worth mentioning for completeness that gas
bubbles can be difficult but if there is genuine obstruction with  bubbles may be encountered in the collecting system in the absence

i nfection there is usually significant delay in excretion of contrast
°f infection if they have gained access at the time of surgical instru-

i
nfection the IVU, or even on excretion from the affected kidney over

mentation of the urinary tract (cathetexisation, retrograde pyelo

several hours. On the other hand, if contrast appears within the cot-
graphy, etc.), or in the presence of a fistula to the skin or a

lecting system within 5 or 10 min it is highly unlikely to be
gas containing viscus (Fig. 30.35).

significantly obstructed. Similarly, ultrasound and MRI will often Renal abscess Focal renal parenchymal inflammation may
be normal but with more severe cases will show smooth renal progress to liquefaction and abscess formation. This may be the
enlargement. Ultrasound may show some diffuse reduction in sequel to untreated or resistant acute pyelonephritis or haemato-
echogenicity. Contrast-enhanced CT may demonstrate a striated genous spread of infection. The former is usually due to Gram-
nephrogram, global reduction in perfusion and function or wedge- negative or anaerobic bacilli, the latter to Staphylococcus aureus
shaped areas of abnormality and is more sensitive than IVU in and associated with a septic site elsewhere (skin or nasal cavity
showing these changes. CT may also demonstrate perinephric focus, intravenous drug abuse, infected central line) or impaired
oedematous or inflammatory change. In a significant number of immunity, including diabetes. Haematogenous spread may lead to
cases the pyelonephritic process is focal rather than diffuse and multiple and/or bilateral renal abscesses as well as abscesses else-



Fig. 30.36 Renal abscess on postcontrast CT showing a liquid non-
enhancing centre and an irregular enhancing wall.

Fig. 30.35 Gas bubbles shown on IVU within the collecting system due
to a fistula between the ureter and the small bowel in Crohn's disease.
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Fig. 30.34 Emphysematous
pyelitis. (A) Plain film showing the
characteristic configuration of gas
i n the collecting system. (B) CT
demonstrating gas within the col-
l ecting system.

areas of cystic necrosis (Fig. 30.36). There is often considerable
echogenic debris within the cystic areas on ultrasound. In severe
cases gas may appear, best seen on CT. Perinephric inflammatory
disease may also be identified.

Where there is a substantial liquefied area, ultrasound- or CT-
guided positioning of a percutaneous drain may he useful.
However, these patients often come to imaging at a relatively early

stage of development of the abscess with only a tiny area of lique-
faction demonstrable (2 cm or less). It is likely that these patients
are better served by intravenous antibiotics and subsequent scan-

ning to monitor resolution rather than premature intervention.

Perinephric abscess Renal infection of any severity may be asso-
ciated with extension of disease into the perinephric space with
the formation of a perinephric abscess. On IVU there is only indi-
rect evidence such as loss of the psoas shadow, poorly seen renal
outline and reduced or absent renal function manifested by failure
to excrete or concentrate contrast. Ultrasound and CT will
demonstrate a fluid or semifluid collection, often containing
debris and septations and sometimes gas in the presence of the
appropriate organisms (Fig. 30.37). Further extension of infection
is largely determined by the anatomy of the retroperitoneal fascia)
planes. Although disease may extend in any direction (including
medially across the midline into the contralateral perinephric
space), the course most often taken is directly posteriorly through
the posterior perinephric fascia into the posterior perirenal space.
From this site, further extension is often laterally into the lateral
extraperitoneal space and lateral abdominal wall, posteriorly
through the transversalis fascia into the psoas and quadratus Ium-

where in the body (particularly consider vertebral, pulmonary and
cerebral metastatic spread). There may be marked loin pain and
tenderness and severe pyrexia. IVU usually shows only a non-
specific mass. The condition is better imaged with ultrasound or
CT, which will show a heterogeneous mass (with irregular mar-
ginal enhancement on CT) containing single or multiple central
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Fig. 30.39 Xanthogranulomatous pyelonephritis on CT. There is a renal
calculus but no hydronephrosis. Gas is seen in the collecting system in this
case. The kidney has also begun to shrink and there is extension of the
i nflammatory process into the perinephric space and abdominal wall.

Proteus mirabilis. There is a marked female preponderance and
1 0 (/( of patients are diabetic.

On IVU there is a non-functioning kidney, with calculi present in
around 80%. Characteristically this is laminated or branched and
fragmented. Initially the kidney may be enlarged and this may have
a focal pattern simulating tumour (tumefactive xanthogranuloma-
tous pyelonephritis) but ultimately there is renal atrophy, which
may be marked. Ultrasound and CT show loss of normal corti-
comedullary differentiation and heterogeneity, which includes
debris-containing cystic areas and calculi. The disease usually
extends into the perinephric space with obliteration of tissue planes
on all modalities (Fig. 30.39). With further extension through the
l ayers of' perinephric fascia the disease may extend into psoas
muscle and the abdominal wall with the formation of a cutaneous
fistula. Internal extension potentially leads to enteric fistulas.
Enhancing areas of parenchyma may survive around the cystic
areas, mimicking hydronephrosis. Where there is doubt a retrograde
examination will show a contracted pelvicalyceal system and the
absence of high-grade obstruction.

Tuberculosis Renal involvement is a feature of postprimary
tuberculosis. Reactivation occurs at the corticomedullary junction.
There is local infiltration into the parenchyma with subsequent

papillary necrosis. Bacilli enter the collecting system and pyuria
develops. Further progress of the disease is characterised by
multifocal st- i cturing with impairment of drainage, formation of
caseous pus and subsequent calcification. The classical features
are seen on IVU. Strictures affect the calyceal necks, with the for-
mation of hydrocalyces. Further strictures may be seen at the PUJ

Fig. 30.38 Chronic pyonephrosis on
ultrasound (A) and CT (B). There is marked
cortical loss and modest dilatation of the
collecting system. The CT also demon-
strates the pelvic calculus responsible for
the development of the condition, and a
multiloculated perinephric abscess, which
has extended laterally into the abdominal
wall and posteriorly into the psoas muscle.

Fig. 30.37 Perinephric abscess on CT. There is an adjacent area of severe
renal parenchymal inflammation with a tiny associated calculus. A small
reactive pleural effusion is also present.

borum muscles and inferiorly along the psoas and then iliacus
muscles into the pelvis.

Pyonephrosis Infection of an obstructed kidney may lead to pus
developing within the renal pelvis and calyces (pyonephrosis). It
may occur in association with any cause of obstruction but
most frequently in the presence of calculi or the condition of un-
diagnosed PUJ obstruction. The imaging features are those of an
obstructed system with particularly early or severe loss of renal
function. Cross-sectional imaging may show evidence of thick
pus and/or inflammatory debris within the dilated pelvicalyceal
system (for example, echogenic areas on ultrasound or increased
density on CT with possible layering). The infecting organisms
are most commonly Gram-negative bacilli from ascending infec-
tion. Untreated, there is a danger of septicaemia, destruction of
normal renal tissue and extension into surrounding areas.
Treatment is by percutaneous drainage. This should only he per-
formed with adequate antibiotic cover and a minimum of manipu-
l ation, as Gram-negative septicaemia and endotoxic shock are
recognised and life-threatening complications of the procedure.
Sometimes the situation develops insidiously over a considerable
period of lime, particularly in the elderly, and may then be associ-
ated with cortical loss and perinephric disease (Fig. 3038).

Xanthogranulomatous pyelonephritis This is a chronic
inflammatory process in which lipid-laden histiocytes invade and
replace normal renal parenchyma. It is seen in the context of
chronic urinary infection, usually with calculi, which are thought
to provoke mild impairment of drainage, which initiates and prop-
agates the disease. The infecting organism is usually E. coli or



Fig. 30.40 Urinary tract tuberculosis. The plain film (A) demonstrates calcification within distended upper pole calyces. The IVU (B) shows strictures at
the calyceal necks with hydrocalyces and fibrous stricturing of the renal pelvis and the ureter. The tomogram from an IVU on another patient (C) shows a
stricture at the neck of the upper pole calyx. This progresses on treatment and the full length film from the IVU performed 6 months later shows the upper
pole calyx has been completely amputated (D). Distal ureteric strictures are also present. Classical end-stage upper tract tuberculosis is the auto-
nephrectomy (E) in which the chronically obstructed pelvicalyceal system is filled with calcifying caseous pus associated with complete renal parenchymal
destruction. In this case there is also similar calcifying pus in an obstructed dilated upper ureter.
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Fig. 30.41 Full length film from an I VU showing changes of schisto-
somiasis including bladder wall calcification with secondary ureteric and
pelvicalyceal dilatation. (Courtesy of Dr Shadley Fataar, Royal Hospital,
Muscat, Oman.)

and at multiple levels in the ureter. The pelvis itself may become i nfect the liver, rarely the kidney. The larvae develop into cysts. The

contracted. Significantly obstructed calyces accumulate pus and wall of the cyst may calcify. On imaging, the classical appearance is

there is loss of parenchyma due to a combination of obstruction of a multiloculated cystic mass, often with a dominant central cyst

and destruction by the inflammatory process. Damaged areas and and multiple daughter cysts. Occasionally communication with the

the Gaseous pus subsequently calcify. Badly affected areas collecting system is visible on contrast studies.
become non-functioning (Fig. 30.40). When the pelvis is affected Reflux
the entire hydronephrotic kidney may become non-functioning

nephropathy In this condition renal cortical scarring

(tuberculous autonephrectomy). Ultrasound and CT will demon-
develops in association with dilated calyces. It is due to severe

child-
strate hydrocalyces and/or a hydronephrosis, which may contain a

vesicoureteric reflux (VUR) and urinary tract infection in child-

considerable amount of debris, areas of calcification and
hood. Because of its intimate relationship to VUR, it is worth

parenchymal loss. Bacilli pass into the bladder, which also
considering this first.

Normally the ureter enters the superolateral angles of the trigone,
becomes inflamed and subsequently contracted. Presentation is

penetrating the bladder wall at an oblique angle, giving rise to an
usually with frequency and urgency. Although tuberculous lesions
with subsequent calcification may develop at any site in the

oval ureteric orifice. This acts as a valve, preventing urine refluxing

urinary tract, as a general rule the radiological changes are more
from the bladder into the ureter during micturition, the rise in

nced in the upper urinary and ureters
i ntravesical pressure tending to close the orifice. In a small propor-

pronou pper urn
y (kidneys ), as

tion of children the ureter takes a more direct course through the
against those seen with sehistosomiasis, which predominates in

bladder wall, leading to a short intramural section and a round
the lower urinary tract.

ureterie orifice which predisposes to reflux. Usually this is an iso-
Schistosomiasis Urinary tract sehistosomiasis is caused by a para- l ated defect (although some eases are familial) but it is also encoun-

sitie blood fluke. It predominately affects the bladder but in up to tered in association with a duplex system (usually the orthotopieally

30% of eases also involves the ureter, particularly distally. Ureters i nserted ureter of the lower moiety, sometimes the eetopie upper

are usually involved bilaterally but often asymmetrically. Parasitic pole moiety ureter) and some other structural developmental lesions

ova deposited in the ureteric wall provoke an inflammatory (prune-belly, paraureterie divertieulum). Although there remains

reaction. In the early stage this may appear as multiple small some controversy, it seems most likely that VUR leads to reflux
inflammatory polyps. In the established disease the appearances are nephropathy only when it is severe enough to be associated with

of strictures, often multiple, and linear calcification (Fig. 30.41). i ntrarenal reflux and infection. The insult to the kidney provokes
scarring over the worst-affected calyces.

Hydatid disease This arises from parasitic infection with the dog
A grading system for VUR has been developed based on the

tapeworm Echinococcus grunulosus. The usual intermediate hosts appearances at micturating eystourethrography (MCUG). It is given
are pastoral animals, especially sheep. Tapeworm eggs from dog below for reference:
faeces are inadvertently consumed and develop into larvae in the
intestine of the intermediate host. They pass through the intestinal • I-Reflux into the ureter alone; subdivided into reflux into part
wall and are disseminated throughout the body. They particularly of the ureter only (Ia), all of the ureter without dilatation (Ib)

anA with dilatation (Ie)
• II-Reflux into the ureter and pelvis; subdivided into incomplete

ureteric opacifieation without (Ila) and with (lib) focal dilatation
and complete ureterie opaeifieation (tilt)

• III-Reflux into ureter and pelvis with mild dilatation;
subdivided into forniees preserved (Illa) and mildly blunted (Ilib)

• IV-Reflux into ureter and pelvis with moderate dilatation and
preservation of the papillae; subdivided into partial (lVa) or
complete (IVb) fornieeal obliteration

• V-Reflux into ureter and pelvis with obliteration of the
papillae; subdivided into subtotal papillary obliteration (Va) and
total papillary obliteration with severe (Vb) or extreme (Ve)
pelviureterie dilatation.

The more severe grades of reflux are demonstrable with radionu-
elide or ultrasound eystography. Usually the child presents with
urinary tract infection (or septicaemia if severe) and management is
generally conservative, aiming to control urinary tract infection and
avoid its recurrence. Consequently intrusive investigation with
MCUG (and the detailed grading described above) is uncommonly
required and surgery rarely indicated. VUR has a tendency to
improve with age and new sears are not thought to develop after
5 years of age.

Reflux nephropathy is usually assymetrieal or unilateral. The
classical IVU appearances are of cortical scarring over clubbed
calyces. This is most frequently seen at the renal poles, especially
the upper pole because these are the sites of occurrence of eom-
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Fig. 30.42 IVU films showing the features of reflux nephropathy. (A) Severe right-sided disease with a small kidney, widespread cortical loss (maximal at
the upper pole) and clubbing of the calyces. (B) Right-sided duplex system with diseased lower pole moiety showing clubbing of the calyces and cortical
l oss. The lower moiety ureter also shows persistent dilatation due to previous severe reflux.

pound calyces which are most susceptible to damage from reflux. permit long-term significant reflux of potentially infected urine. The
The relationship of the scarring to underlying abnormal calyces dif- ureters and pelvicalyceal systems dilate and there is progressive
ferentiates the condition from vascular scarring and fetal lobulation diffuse loss of renal cortex and function. The condition is usually

( when the calyces are normal and, in the case of lobulation, the bilateral, although it may show considerable asymmetry. It is most

i ndentations are between calyces rather than directly over them). commonly seen with an ilea] conduit (Fig. 30.43) but is also
Badly affected kidneys grow poorly and are small, with diffuse cor- encountered in other procedures, especially those involving ureteric
tical loss (Fig. 30.42). Severe continuing reflux in childhood may reimplantation, for example ureterosigmoidostomy.
show capacious ureters and pelvicalyceal systems and there may be
evidence of ureteric striations due to redundant mucosa. In adult- Rare inflammatory conditions
hood, continued significant reflux is rare. Presentation of reflux
nephropathy in adults is usually with recurrent urinary tract Pyeloureteritis cystica i s an uncommon condition associated with

i nfection (which may be associated with pyelonephritis). If the chronic obstruction and/or infection. Multiple subepithelial cysts
nephropathy is severe, patients may present with hypertension develop in the renal pelvis and/or ureter (usually the upper third)
and/or renal insufliciency. Focal areas of compensatory paren- generally 1-4 mm in diameter (occasionally up to 20 mm)
chymal hypertrophy may occur between the scars and, if prominent, (Fig. 30.44). They appear as well-defined filling defects on IVU and
may give rise to concern about the presence of a tumour, although retrograde pyelography. They are completely benign and asympto-
on ultrasound or CT their appearance is of normal parenchyma. matic, the patient presenting with symptoms from the associated
Ultrasound, CT and radionuclide imaging (DMSA) will all demon- condition. They may persist for months or years, even after removal

strafe the areas of scarring. of the cause.
Although reflux nephropathy does not develop in the adult Leucoplakia and malacoplakia are rare conditions seen in asso-

kidney in the way it does in childhood, a related condition is seen in ciation with chronic urinary tract infection. They can affect any part

patients with some lower urinary tract surgical procedures that of the urothelium but are more commonly seen in the bladder.
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Fig. 30.43 Reflux nephropathy developing following fashioning of an ileal
conduit. (A) Normal kidneys preoperatively (right upper pole compound calyx
noted incidentally). (B,C) Six months and 3 years later showing non-obstructive
dilatation of the pelvicalyceal systems and ureters due to reflux from the conduit
(proven with loopography) and progressive cortical loss, especially on the left.

Fungal renal infection (fungal pyelonephritis) is rare. It may
occur due to haematogenous spread in patients with reduced
i mmune competence (AIDS, chemotherapy and steroid treatment,
transplantation and diabetes), especially in the presence of chronic
i ndwelling central lines, and consequently is seen with involvement of
other organs, especially the brain and lungs. Multiple medullary and
cortical abscesses may develop with similar imaging features
to pyogenic abscesses. Destruction of renal parenchyma occurs,
particularly of the renal papillae, which allows fungal hyphae
to escape into the renal pelvis with the formation of fungus
balls, which in turn may pass into the ureters. Imaging modalities of
all types demonstrate fungus balls as filling defects (usually multiple),

1 -4 cm in diameter, hyperechoic on ultrasound and hypoechoic on
CT. They may contain air, best seen on CT. Associated papillary
necrosis, obstruction, renal abscesses and reduced renal function may
also be demonstrated. Fungal infection (pyelonephritis and fungus
balls) may arise via an ascending route, also associated with reduced
i mmune competence. It is predisposed to by the presence of a long-
t erm urinary catheter and may be secondary to pyogenic urinary tract
i nfection. A variety of fungal species may be encountered- but the
commonest is Candida albicans.

Leucoplakia appears as multiple small plaques of chronic
inflammatory tissue arising from the urothelium with a predilection
to progress to premalignant squanious metaplasia.

Malacoplakia is thought to be a mild form of chronic granuloma-
tous disease (a defect of cell-mediated immunity). It characteristically
appears as multiple filling defects (often bilateral), which may coa-
l esce. The kidneys may appear diffusely enlarged and show decreased
function. The filling defects may reach several centimetres in size and

distort the calyces. Ultrasound appearances are of ill-defined hetero-
geneous masses. Occasionally only a solitary mass develops, which is
indistinguishable from a renal neoplasm on the imaging features
alone.

Chronic irritation of the transitional urothelium of any part of the
urinary tract by infection and/or calculus predisposes to the develop-
ment of squamous metaplasia, which in turn may lead to the forma-
tion and desquamation of masses of keratin (cholesteatoma).
These appear on all modalities as non-specific filling defects.
Classical associations are with stricturing chronic infections (tuber-
culosis, schistosomiasis) and other causes of chronic urinary tract
obstruction.



Fig. 30.45 Renal sinus lipomatosis. CT demonstrates bilateral renal
atrophy with increase in the volume of sinus fat.

Fig. 30.44 Pyeloureteritis cystica. (A)
Plain films showing a renal pelvic calculus
(and incidental pancreatic calcification).
(B) IVU demonstrating mild hydronephro-
sis due to the calculus, and multiple filling
defects from the pelviureteric junction
downwards due to the cyst of pyeloureteri-
tis cystica.

RENAL MASSES sound and poorly enhancing on CT. They may contain areas of
haemorrhage and central necrosis and occasionally present with

Renal masses may be single or multiple, affecting one kidney or l oin pain and rarely anaemia.
both. The causes of a solitary mass include simple cyst, pseudotu- Arteriovenous malformations (AVMs) are rare. They are
mour, tumour and abscess. Multiple masses have a similar differen- usually acquired following penetrating trauma (most often biopsy).
tial but clearly causes may coexist; for example, simple cysts are Congenital AVMs are more common in females and are often not
extremely common and are often coincidentally present when a diagnosed until adulthood, when they present with haematuria.
renal tumour is encountered. However, multiple and/or bilateral They are of variable size and may be quite small at presentation. On
solid renal tumours are encountered from time to time. It is there- ultrasound they may be echo-poor or echogenic, depending on the
fore extremely important to assess the contralateral kidney in the sire of the vascular spaces. Hypervascularity may he demonstrated

i nvestigation of a tumour, both to ensure there is sufficient func- with contrast CT or MRI or Doppler ultrasound, all of which may
boning renal tissue to allow nephrectomy to be performed and to also demonstrate feeding artery and draining vein. Areas of curvi-
i dentify whether or not a second tumour is present. Multiple renal linear calcification may be present and best demonstrated on CT.
cysts are usually simply idiopathic but there are a number of Angiography should be diagnostic, with the demonstration of
specific associations, described below. Multiple solid tumours are abnormal arterioles communicating with large venules and showing
uncommon. They include metastases, lymphoma, multiple renal focal early venous fillingg
cell carcinoma and angiomyolipomas. The latter two have strong Mesenchymal tumours may arise from any of the tissue elements
syndrornic associations, notably Von Hippel-Lindau Syndrome within the kidney or renal sinus (neural, vascular, fibrous, muscular,
with renal cell carcinoma and tuberous sclerosis with angiomy- fatty, etc.) or from multiple tissues (renal sinus teratoma).
olipomas. Appearances are usually non-specific and vary to a certain extent,

depending on the dominant component. The most characteristic is a

Benign renal masses
The commonest benign renal masses by far are simple cysts. Other
benign masses include inflammatory lesions (abscesses and severe
focal pvelonephritis) and tumours. The commonest benign tumour

is the angiomvolipoma (hamartoma). All other benign tumours are
rare. They include reninomas, vascular malformations and a variety
of mesenchymal tumours.

Reninomas are tumours of the juxtaglomerular cells. They are
typically seen in young patients (half are less than 20 years old)
and are much more frequent in females. They produce renin and
present with severe hypertension, secondary hyperaldosteronism
and hypokalaemia. Because of their hormonal activity they are
usually small (2-3 cm) at presentation. They appear as well-defined
peripherally placed masses on all modalities, hyperechoic on ultra-
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Fig. 30.46 Right renal cyst
on IVU appearing as a well-
defined avascular mass displac-
i ng the adjacent calyces.

pure lipoma with features on CT and MRI identical to fat. Much more
commonly the amount of fat within the renal sinus increases
significantly simply as a response to age-related renal atrophy. This is
referred to as renal sinus lipomatosis. On IVU this produces narrow-
i ng and stretching of the calyces. On ultrasound, CT and MRI there is
i ncrease in the amount of sinus fat (Fig. 30.45). This process may also
be seen in patients with marked renal atrophy from other causes
(severe infection or ischaemia) or in the absence of renal atrophy in
some patients with Cushing's disease or steroid treatment.

Historically, small solid renal tumours (less than 3 cm diameter)
have been described as adenomas. Histologically, they may appear
l ess aggressive than renal adenocarcinomas and tend not to metasta-
sise. There is, however, no scientific basis for this distinction.
Histologically, they are not distinct from small adenocarcinomas and tissue makes. They are frequently seen on IVU as well-defined

even at this size they do occasionally metastasise. It is more logical non-enhancing masses that distort the adjacent renal outline and

therefore to consider them as early renal cell carcinomas with a gener- pelvicalyceal system. In the parapelvic position they may he associ-

ally favourable prognosis and abandon the term adenoma. ated with fullness of the pelvicalyceal system (Fig. 30.46) but they
are not associated with significant obstruction. These features,

Cysts Cysts and cystic lesions of the kidneys are considered in although suggestive of simple cysts, overlap with cystic or poorly

the following categories: simple cysts, parapelvic and peripelvic vascular neoplasms and require confirmation with ultrasound or CT
cysts, complex renal cysts and acquired cystic disease of (Fig. 30.47). Both of these modalities show a well-defined mass

dialysis. with smooth walls having a thickness of no more than 2 min.

Simple renal cysts are extremely common, being encountered in On ultrasound cysts are seen as echo-free masses with distal

adulthood, increasing in frequency with age, and are present in acoustic enhancement. One or two fine septations may be seen.

25-50% of subjects over the age of 50. The vast majority of simple Multiple cysts, especially in the parapelvic region, may mimic

renal cysts are asymptomatic. They are occasionally large enough hydronephrosis. They can be differentiated by the demonstrable

to be palpable on routine clinical examination or by the individual absence of communication between the cysts and the different

themselves. Rarely they are thought to cause chronic pain, become pattern of echo-poor areas within the central echogenic fat. On CT

i nfected or undergo haemorrhage (spontaneously or in the context cysts are usually low density, similar to water (0-20 HU) but occa-

of trauma). They have a thin fibrous wall lined with cuboidal sionally they may be higher density (40-100 HU), assumed to be

epithelium and contain clear serous fluid. They are thought to arise due to the presence of protein or blood products following previous

from blocked tubules and originate mostly from the cortex. i nfection or haemorrhage. The important feature on CT is the

Most cysts are not visible on plain radiographs but occasionally absence of enhancement with intravenous contrast. Analogous

if they are large enough they can he identified as well-defined soft- features are seen on MRI.

Fig. 30.47 Renal cyst on ultrasound (A)
appearing as a well-defined echo-free mass
without significant wall thickness and distal
acoustic enhancement. On CT the cyst is of
water density (B) and shows no enhancement
with intravenous contrast (C). On MRI the
cyst has the same signal intensity as water,
being low signal on the T,-weighted sequence
( D) and high signal on the T2 - weighted
sequence (E).
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of cysts are often referred to as parapelvic cysts, which seems
perfectly justifiable.

Simple cysts are benign lesions with no malignant potential and,
once a confident diagnosis is made on any of the above cross-
sectional modalities, they can be confidently ignored. However, if a
l esion does not rigidly fulfil the above criteria then a more
significant diagnosis must be considered. Cystic lesions have been
classified into four categories to allow some statement about their
malignant potential to be made. The original description was of the
CT features but in practice analogous features can he identified on
ultrasound and MRI. Category I corresponds to a simple cyst, as
described above, having a well-defined thin wall and homogenous
water-density non-enhancing contents. Category 11 cysts may show
a few thin (I mm) septac and fine peripheral calcification. Density
on CT may be increased, presumed to be due to previous infection
or haemorrhage. Ultrasound of these lesions may show an echo-free
l esion or increased echogenicity. These cysts are highly likely to be

Simple renal cysts that originate from renal parenchyma medially
may project into the renal sinus and are described as parapelvic
cysts. There may he a solitary cyst or a few of varying size. Another
common purely cystic lesion is the peripelvic cyst. Charac-
teristically these are small and multiple and lie between the calyceal

i nfundibula. They are thought to be lymphatic in origin and may be

congenital. On rare occasions they produce focal hydronephrosis
but otherwise are of no clinical significance. Both parapelvic and
peripelvic cysts may demonstrate stretching and compression of the
calyces on IVU, similar to the appearances with marked renal sinus
lipomatosis. On ultrasound they have the typical appearance of cen-
trally placed cysts but may be mistaken for a hydronephrosis.
However, they do not communicate with each other or separate the

central sinus echoes in the way that hydronephrosis does. In prac-
tice the clinical picture and imaging appearances of parapelvic and
peripelvic cysts overlap to such a degree that the distinction
between the two is not relevant in routine practice and both groups

Fig. 30.48 High-density cyst on unenhanced (A) and postcontrast (B) CT shows no enhancement, indicating its prob-
ably benign nature. Ultrasound (C) demonstrates no internal echoes, offering further reassurance.

Fig. 30.49 Multiloculated cyst on CT with substantial calcific area (A). Different
patient on ultrasound (B) also demonstrating considerable wall calcification.



Fig. 30.52 CT showing pre
dominantly fat-density solitary
angiomyolipoma (A) and multi
ple purely fat-density bilatera
angiomyolipomas (B) in tuber
ous sclerosis. The latter case ha,
presented with a l eft-sidec
perinephric haemorrhage seer
as a soft-tissue rim around the
kidney but delineated externally
by the perinephric fascia.

Fig. 30.50 Well-defined cystic lesion with substantial irregular enhancing
areas signifying probable malignancy.

Fig. 30.51 Ultrasound appearances of angiomyolipomas. (A) Large lower
pole predominantly echogenic mass (solitary angiomyolipoma). (B) Mul-
tiple well-defined purely echogenic masses (multiple angiomyolipomas in
tuberous sclerosis).

Angiomyolipoma These are benign hamartomas consisting of
varying proportions of angioid, myoid and lipoid tissue. They
may be extremely vascular and contain small aneurysms with a
predilection to bleed as the mass enlarges. Classically they have
been described as large at presentation but increasingly small
angiomyolipomas are being identified incidentally on ultrasound
or CT: 80% are seen in adults between 30 and 50 years of age,
with a marked female predominance. Under these circumstances
they are small, solitary and asymptomatic; 20c/- are seen in
patients in association with tuberous sclerosis (of whom 80%

have angiomyolipomas). They are then usually multiple and bilat-
eral. They tend to enlarge with age and become prone to haemor-
rhage. Predictably, therefore, the earlier they are encountered the
more likely for this progression to happen. Presentation is usually
as an asymptomatic mass, incidental finding on abdominal
imaging or with symptoms due to haemorrhage into the lesion
(pain and/or haematuria). Haemorrhage into the lesion may be
marked and on occasion catastrophic. IVU generally is normal
when the lesions are small, showing one or more non-specific
masses when larger. If' there is a substantial area of fat within the
tumour this may he identifiable on the plain film as an area of
reduced density, but this is rare.

Ultrasound demonstrates a well-defined predominantly
echogenic mass (Fig. 30.51). They are homogenous when small but
i ncreasingly become heterogeneous as they enlarge. CT and MRI
will demonstrate some fat in over 90% of cases (Fig. 30.52); CT
showing areas of low density (20 HU or less), MRI showing high
signal on T,- and T2-weighted i mages and a virtual signal void on
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benign but it may he useful to repeat the ultrasound after 6 months
to confirm lack of progression (Fig. 30.48). Features of category III
cysts include dense and/or thick areas of calcification and multiple,
irregular or thickened (above I mm) septae (Fig. 30.49). Category
I V cysts show solid areas of enhancement and irregular thickened
walls and septae that may also enhance (Fig. 30.50). The useful-
ness of this classification is that the higher the category the more
likely the lesion is to represent a renal malignancy. Approximately

90% of category IV lesions and 60% of category III lesions are
malignant. Both these categories are therefore best treated with sur-
gical excision. Approximately 25-30% of category 11 lesions are
malignant. Image-guided aspiration of cyst fluid for cytology and
interval scanning it' no malignant cells are found is likely to be safe
for these lesions.

Acquired cystic disease afdialysis After 3 years of dialysis over
50% of patients develop multiple cysts within the native kidneys.
They are usually numerous and small (occasionally some become
very large). The epithelium of the cyst walls is thought to be dys-
plastic and in up to 7% of long-term dialysis patients develops into
renal cell carcinoma, albeit of relatively benign behaviour with a
l ow metastatic potential.
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The single most common renal malignancy in adults is renal cell

carcinoma. Renal malignancy is less frequent in childhood and

is most often Wilms' tumour . Other malignancies include those
arising from primitive renal tissue (such as multiloculated cystic
nephroma), oncocytoma, renal medullary carcinoma, sarcoma, lym-

phoma and metastases. Invasion of renal parenchyma from the col-
lecting system is seen sometimes with advanced transitional cell
carcinoma and occasionally squamous cell carcinoma.

Renal cell carcinoma Renal cell carcinoma accounts for approxi-
mately 85% of adult renal malignancies, with a male to female

Fig. 30.53 Large left-sided angiomyolipoma with small fat-density areas predominance of approximately 2.5:1. It represents 3% of new
but predominantly appearing as an enhancing soft-tissue mass. cancer diagnoses and has an incidence of 11/100 000, which

appears to be rising. Median age of onset is 55 years but occa-
the STIR sequence. Although there are rare reports of Wilms' sional cases may be encountered in young adults and children.

tumours and renal cell carcinomas containing a little visible fat, in Renal cell carcinoma usually originates from the proximal convo-

practice the presence of fat on CT or MRI is virtually diagnostic of luted tubule within the cortex, although less common histological

angiomyolipoma. The amount of fat, however, is extremely vari- variants, such as the papillary cystadenocarcinoma, originate from

able. The non-fatty areas of the lesions are intensely vascular and further distally within the nephron. There is an increased mci-

show marked enhancement with intravenous contrast (Fig. 30.53). dence of renal cell carcinoma in Von Hippel-Lindau disease and

Acute haemorrhage may be seen on CT as areas of high density l ong-term renal dialysis.
within the lesion and in the perinephric space (Fig. 30.54). Blood Advanced renal cell carcinoma has a wide variety of symptoms,

and blood breakdown products may be seen on MRI, with complex usually related to metastases and/or tumour bulk (loin mass,

signal appearances. In the subacute phase there is usually high malaise, anorexia, pyrexia of unknown origin). More commonly

signal on T i - and T-weighted sequences. As the thrombus matures they present as haematuria or as an incidental mass on CT or ultra-

there is gradual reduction in signal, ultimately with areas of signal sound of the abdomen for some other condition. Renal cell carci-

void due to haemosiderin. Angiography is not required to make the noma may metastasise to bone, brain. lung, liver and soft tissues. It

diagnosis but on occasion may he considered with selective emboli- is not rare to see an apparently solitary metastasis from a renal cell

sation in mind to control bleeding, especially if there is only a soli- carcinoma, especially to bone or soft tissue, and they are character-

tary kidney. The angiogram will show intense vascularity, small istically expansile, vascular and (in the case of bone) osteolytic.

aneurysms and early venous tilling. Sometimes the metastatic disease is the presenting symptom. There

The only hazard with angiomyolipomas is haemorrhage, which have been improvements in chemotherapy of disseminated renal

i s most likely to happen with masses over 4 cm in diameter and cell carcinoma, particularly with the use of interferon, and a simple

those that are growing rapidly. Therefore if the tumour is less than examination to assess the kidneys (usually ultrasound) is justified in

4 cm diameter it can simply be monitored with ultrasound every patients with metastatic disease of unknown origin. Occasionally

6-12 months. Around one-quarter will increase in size within 4 tumours produce an erythropoietin-like substance and present as

years. Over 4 cm, half will grow within 4 years. The rate of growth polycythaemia or one of its complications. On rare occasions they

i s faster in tuberous sclerosis. Prophylactic surgery can be consid- present as spontaneous perinephric haemorrhage.

ered if the lesion is enlarging rapidly. The IVU is the traditional modality used to investigate haema-
turia. Large tumours may be visible as a soft-tissue mass on the pre-

liminary plain films. Up to 1 0% of renal cell carcinoma show some
calcification on plain films. Similarly, if calcification is seen in
association with a renal mass then it is most likely to represent a
renal cell carcinoma, especially if the calcification is dense, central
and amorphous. Following contrast injection renal cell carcinoma is
usually detected as a mass which displaces the adjacent calyces and
distorts the renal outline (Fig. 30.55). Occasionally the appearances
are of a mass with loss of renal function if the tumour has occluded
the renal vein. Renal cell carcinoma usually shows similar enhance-
ment to normal renal tissue on the nephrogram but a minority of
tumours are poorly vascular and therefore have an appearance

similar to simple cysts and require further investigation, usually
with ultrasound to confirm their nature. One-third of tumours less
than 3 cm diameter are not seen in IVU and therefore, even if this

i nvestigation is normal, further investigation with ultrasound should
be considered, especially if haematuria persists.

Fig. 30.54 Left-sided angiomyolipoma with brisk haemorrhage, some of Ultrasound, CT and MRI will each reliably diagnose the vast

which is sufficiently acute to appear as ill-defined high-density areas on CT. majority of renal cell carcinomas. On ultrasound renal cell carci-



Fig. 30.56 Renal cell carcinoma on ultrasound. Two examples, one appearing as a solid mass of intermediate echogenicity replacing the normal renal
architecture (A) and the other similar apart from substantial central necrosis (B).
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Fig. 30.57 Renal cell carcinoma on CT appearing as a heterogeneously
enhancing mass associated with destruction of the normal renal archi-

Fig. 30.55 Renal cell carcinoma on IVU. The tumour appears as a large tecture.
left lower pole mass distorting the adjacent pelvicalyceal system.

showing obliteration of normal renal architecture on ultrasound,
noma usually appears as a solitary mass bulging from the renal MRI and CT with little mass effect. The important differential diag-
outline. It is usually iso- or hypocchoic compared to normal kidney nosis in these cases is infiltrative transitional cell carcinoma invad-
hut around 1 0 1Y ( may he hyperechoic, especially if small. Most i ng renal parenchyma, which is treated with nephroureterectomy.
show some heterogeneity, although small lesions may not. Areas of Radiological clues to this condition are obliteration of renal sinus
hyperechogenicity with acoustic shadowing may he seen if macro- fat and tumour within the pelvicalyceal system.
scopic calcific foci are present ( Fig. 30.56). On CT and MRI the Once the diagnosis has been made the tumour should be staged.
features arc of a soft-tissue mass that is at least partly solid, often Two formal systems are available. The Robson classification
lobulated and associated with loss of the normal renal architecture ( Box 30.1) and the TNM classification of the International Union
in the area affected. Generally, smaller tumours appear more homo-
geneous and well defined, becoming more heterogeneous. contain-
i ng more substantial areas of necrosis and becoming less well Box 30.1 Staging of renal cell carcinoma-Robson
defined as they enlarge. On CT they are usually isodense or hypo- classification
dense compared to normal renal tissue, occasionally hyperdense.
They enhance variably with intravenous contrast but almost always

Stage I Limited by the renal capsule
l ess than normal renal tissue (Fig. 30.57). Around a third have

Stage II Tumour has breached the renal capsule (perirenal involvement)
detectable areas of calcification. On MRI they appear of inter- but i s li mited by Gerota's fascia
mediate signal on the T I -weighted sequence, high signal on STIR
and variable but often intermediate to high on T,-weighted Stage Illa Tumour invasion into renal vein or inferior vena cava

sequences. In 10-15% of cases the tumour is predominantly cystic Illb Tumour involvement of regional lymph nodes

but evidence of malignant tissue is still usually apparent in the form Ilic Venous and lymph node invasion
of enhancing soft-tissue areas within the walls of the lesion.

Stage IV I nvasion of adjacent viscera or distant metastases
Occasionally renal cell carcinoma is predominantly infiltrating,
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Box 30.2 TNM staging of renal cell carcinoma

Primary tumour (T)
TX Primary tumour cannot be assessed

TO No evidence of primary tumour

TI Tumour limited to the kidney; 7.0 cm or less in maximum diameter
T2 Tumour limited to the kidney; above 7.0 cm i n maximum diameter
T3a Tumour extends into perinephric tissue (including the adrenal

gland) but remains confined by Gerota's fascia
Tab Tumour extends into the renal vein or inferior vena cava below the

diaphragm
T3c Tumour extends into the inferior vena cava above the diaphragm
T4 Tumour invades beyond Gerota's fascia

Nodal status (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Metastasis in a single regional lymph node
N2 Metastasis in more than one regional lymph node

Distant metastasis (M)
MX Distant metastases cannot be assessed Fig. 30.59 Stage II renal cell carcinoma on postcontrast CT. The tumour

MO No distant metastases extends to the margin of the kidney and shows some local nodular
m1   Distant metastases extension through the renal capsule.

Against Cancer (Box 30.2). The TNM classification is more tumour extending to the margin of the kidney and having an ill-

detailed and incorporates the general principles 01' tumour staging defined peripheral outline, thickening of the perinephric fascia and

found throughout the TNM system. The Robson classification is the soft-tissue strands within the perinephric space. These features,

one most commonly used routinely. Its advantages are its simplicity however, may also occur in some stage I tumours due to adjacent

and good correlation with prognosis as well as indicating specific reactive inflammatory or oedematous change. Renal cell carcinoma

problems the surgeon may encounter. also acquires a collateral or parasitic blood supply which is often

Ultrasound is very often performed as part of the diagnostic visible in the perinephric space and may be mistaken for tumour

process for renal cell carcinoma, and initial staging is undertaken. extension through the capsule. Conventionally stages I and II are

However, the accuracy of ultrasound staging is inferior to that of treated with radical nephrectomy and show little prognostic differ-

CT and MRI, which are usually indicated for definitive preoperative ence. Currently, however, nephron-sparing surgery (partial nephrec-

staging. Both CT and MRI are over 90% accurate for most aspects tomy) is increasingly being offered under certain circumstances.

of staging except the differentiation between stage I and stage 11. These include situations where there is only one functioning kidney

The error rate for this is of the order of 50%. Tumours that are and/or where the tumour is small (less than 4 cm diameter) and

confined by the renal capsule (stage 1) should show a normal per- localised, especially if there is a possibility of a more benign

i nephric space (Fig. 30.58). Tumour extension through the renal pathology such as an oncocytoma. In these patients it becomes

capsule (stage II) may show hulk tumour in the perinephric space much more important to attempt accurate differentiation between

( Fig. 30.59). This differentiation may be difficult. Tumours may stage I and 11. It is also important to perform a careful study of the

breach the capsule without showing bulk tumour outside it. healthy renal tissue on the affected side and in the coil (ralateral

Secondary signs to be sought under these circumstances include kidney, as tumours may he multifocal within the same kidney or

bilateral in up to 2r%. Partial nephrectomy also depends on being

able to preserve a separate blood supply to the remaining healthy

renal tissue and therefore generally requires preoperative assess-

ment of the renal vasculature, usually performed with MR or CT

angiography.

Stage Ill tumours are treated with radical nephrectomy and

thrombectomy and/or l ymphadenectomy. MR and CT are both

highly accurate in the demonstration of venous invasion. Renal cell

carcinoma has a predilection to invade the renal vein at the hilum

and extend along it into the inferior vena cava (Fig. 30.60). Further

extension is usually superiorly with the flow of blood, occasionally

as far as the right atrium. Sometimes tumour extends into the con-

tralateral renal vein. Interestingly it is almost always intraluminal

tumour, the inferior vena cava wall itself being rarely invaded. The

disturbance of blood flow in the inferior versa cava may lead to

thrombus formation and pulmonary emboli. On CT, if there is ade-

quate opacification of the venous system the demonstration of' a

filling defect within the renal vein and/or inferior vena cava is

Fig. 30,58 Stage I renal cell carcinoma on postcontrast CT. The tumour highly reliable, good-quality spiral CT having an accuracy of the

i s small and confined to the kidney. order of 96%. Care must he taken to evaluate all sections to avoid



Fig. 30.62 Large right renal cell carcinoma with lymph node metastases
i ncluding a large node that is displacing the inferior vena cava anteriorly.

Fig. 30.61 Heterogeneous mass of renal carcinoma in the right kidney
on MRI (T 2 - weighted sequence) extending along the right renal vein into
the inferior vena cava.

misdiagnosing a central stre, in of unopa cified blood returning
from the lower limbs as tumour. On MRI, tumour within the
blood vessels is well demonstrated on good-quality conventional
sequences as a soft-tissue mass compared to the signal void of
flowing blood (Fig. 30.61). The appear ances can be complex

Fig. 30.60 Renal cell carcinoma
with vascular involvement. (A) Ultra-
sound shows tumour as a soft-tissue
nodule of intermediate echogenicity
within the i nferior vena cava.
Postcontrast CT (B, different case)
shows a right renal cell carcinoma
extending along the renal vein into the
i nferior vena cava and (C) into the
contralateral renal vein.

because tumour in the inferior vcna cava may cause upstream blood
i n the vena cava below the renal veins to slow down sufficiently to
appear as a high-signal column that may be mistaken for retrograde
extension of tumour. It is important to assess extension into the con-
tralaterapa renal vein and the superior limit of inferior vena cava
i nvolvement. Extension to the level of the hepatic veins or right
atrium requires the involvement of a hepatic or cardiac surgeon.
Usually the lymphatic drainage from the kidney follows the renal
veins to the lateral aortic nodes close to the origins of the renal

arteries. These are usually the first nodes to be involved with
metastatic carcinoma. Drainage from this site is via the lumbar
trunks to the cisterna chyli. Occasionally lymphatic channels
bypass the first-order nodes and drain directly to the mediastinum.
The overall accuracy for staging lymph node involvement with CT
is around 83-89% and depends on the detection of lymph node
enlargement above I cm diameter (Fig. 30.62). Unfortunately this
l eads to a substantial number of false positives due to reactive
i nflammatory hyperplasia (up to 43% in some studies). Enlarge-
ment above 2 cm diameter is almost always due to metastases.
Microscopic metastasis without enlargement is uncommon. MRI
staging depends on the same criteria and therefore has a similar
accuracy.

Stage IV tumours (Fig. 30.63) show invasion into adjacent
organs. The organs involved are predictable from the relationships
of the kidneys and include posterior extension into the psoas muscle
and quadratus lumborum, superiorly into the adrenal glands, later-
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Fig. 30.63 Stage IV tumours. Left renal
cell carcinoma with areas of calcification
seen on the unenhanced CT (A). The
tumour has invaded into the tail of the
pancreas (B). Right renal cell carcinoma
i nvading the psoas muscle, anterior
abdominal wall and adjacent bowel (C).

lung, liver, bone, brain and soft tissue throughout the body. They
are classically extremely vascular and may he expansile, especially
i n hone or soft tissue. Although they are usually multiple, a solitary
metastasis is sometimes encountered and may be the presenting
complaint. Stage IV tumours have a poor prognosis and are treated
palliatively, which may include surgery, chemotherapy and radio-
therapy. Severe haematuria may be palliated with renal arterial
embolisation (Fig. 30.64) or radiotherapy. The diagnosis of renal
cell carcinoma is radiological and preoperative biopsy is not rou-
tinely indicated. In metastatic disease that is being managed non-
surgically, however, biopsy is often required as it is the only means
of obtaining histology.

Lymphoma Primary renal lymphoma is rare. Involvement of the
kidney is usually secondary to extensive disease elsewhere in the
abdomen. Renal involvement may take a variety of forms. Most
commonly extensive retroperitoneal lymphoma extends along the
l ymphatics into the renal sinus and perinephric space and may
penetrate into the parenchyma to produce multiple (occasionally
solitary) intrarcnal masses. Renal involvement is usually bilateral.
The commonest manifestation on IVU is ureteric displacement by

ally into the abdominal wall, posterosuperiorly into the diaphragm,
and anteriorly into colon, liver and duodenum (on the right) and
pancreas. jejunum. stomach and spleen (on the left). Loss of the fat
line between the tumour and adjacent structures on CT or MR1 is
common and in itself does not necessarily indicate invasion, the

diagnosis requiring the demonstration of density/signal change
and/or enlargement. Common sites for distant metastases include

Fig. 30.64 Right renal angiogram (A) demonstrating the malignant circulation of a renal cell carcinoma. Embolisation with an intra-arterial coil (B) has
been performed.



Fig. 30.66 Renal metastasis on STIR sequence (A) and T-weighted MRI (B). Features of the mass are essentially identical to a primary renal cell
carcinoma.

Ultrasound, CT and MRI may show diffuse infiltration with loss
of the normal renal architecture. Hypoechoic/low-density areas
may develop in relationship to areas of haemorrhage. A focal
mass of leukaemic cells may be demonstrated (chloroma). Renal
i nsufficiency is common and may relate to orate nephropathy.
Orate calculi and blood clot arc common filling defects within the
collecting system.

Renal metastasis Metastases to the kidneys are common at post-
mortem (usually small and multiple) but rarely clinically
significant or evident during life. Haematogenous spread of
tumours to the kidney occurs most commonly from primary

Fig. 30.65 Renal lymphoma on postcontrast CT. There are bilateral malignancy of the breast, bronchus. gastrointestinal tract, malig-
elatively well-defined intermediate to low-density deposits of lymphoma.

mutt melanoma and lymphoma. Occasionally a solitary deposit is
seen, more usually there are multiple bilateral masses easily

para-aortic and/or iliac lymphadenopathy with variable hych-o-
demonstrated on ultrasound, CT or MRI. Features on these

nephrosis. Direct renal involvement may be seen as one or more
three modalities are similar to those of renal cell carcinoma

non-specific masses with corresponding distortion of the renal
outline and pelvicalyceal system. On ultrasound renal deposits are ( Fig. 30.66). Rarely there is diffuse infiltration with obliteration of

ystem.
the normal architecture, especially with squamous cell carcinoma

generally echo-poor, often markedly so, even being echo-free,
metastases from the bronchus. The imaging features are then

but, unlike cysts, not showing distal acoustic enhancement.
similar to Infiltrating transitional cell carcinoma.

Diffuse renal infiltration occasionally occurs, usually bilaterally,
producing

The kidneys may also be involved by direct extension of tumour
global renal enlargement demonstrable on all modali -

from neighbouring organs . particularly pancreas, adrenal and occa-
ties. This is rare and more commonly seen with leukaemia. On

sionally gasnointestinal tract.
CT there is usually widespread marked abdominal lymph-
adenopathy. Deposits of lymphoma are seen within the renal sinus Oneoeytoma These are benign renal tumours with no malignant

and parenchyma and are usually well defined, homogeneous and potential. Although suggestive of the diagnosis. imaging and even

of similar or slightly reduced density compared to normal renal biopsy features overlap with those of renal cell carcinoma so a

parenchyma (Fig. 30.65). They enhance with intravenous contrast definitive preoperative diagnosis is not possible. However, con-

but to a lesser degree than normal renal tissue, and they are sideration of the diagnosis may allow the surgeon to opt for a

usually most visible during the nephrogram phase. Disease may partial rather than a radical nephreetomy. On IVU the oneoeytoma

also be identified in the perinephrie space. Hacmorrhage, appears as a mass, indistinguishable from a renal cell carcinoma,

calcification and cystic areas are rare. These features are mirrored and often large. On ultrasound classically the mass is isoeehoie

on MRI. The deposits are usually well-defined and homogeneous with normal renal tissue and as it enlarges above 5 cm or so

with intermediate signal on the T,-weighted sequence, inter- shows a central stellate echo-poor scar (necrotic area). There may

mediate to low on T,-weighted sequence and high signal on the he an apparent pseudocapsule formed by compression of adjacent

STIR sequence. Enhancement is poor. normal renal tissue. CT and MRI features are similar to a well-
defined renal cell carcinoma which is relatively homogeneous

Leukaemia Leukaemie involvement of the kidneys is more often apart from the frequent occurrence of a poorly enhancing irregu-
a feature of Iymphocytic than eranuloeytie leukaemia. It results in t ar central scar (Fig. 30.67). The remainder of the tumour shows
bilateral symmetrical renal enlargement, which may be gross.
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Fig. 30.68 (A) Large transitional cell carcinoma seen as a substantial filling defect in the left renal pelvis. (B) More subtle transitional cell carcinoma
al most completely obliterating the left upper pole major calyx and showing marked irregularity of the remaining urothelium in that area.

tion and/or calculi). The development of a transitional cell carci-
noma (TCC) at any site in the urinary tract appears to be a mani-
festation of instability of the urothelium and there is a significant
risk of metachronous and synchronous tumours within the
bladder, ureters and either pelvicalyceal system. A wide range of
figures is quoted: up to one-quarter of renal TCC is associated
with a synchronous tumour (usually within the bladder or the
ureter) and up to one-third are associated with a metachronous
tumour (two-thirds of these being in the bladder), usually within 4
years of initial tumour presentation. Contralateral renal TCC may
be seen in up to 6%. Early tumours are confined to the collecting
system but, as they advance, classical extension is into renal

parenchyma (up to 25% of renal pelvic tumours) and the
retroperitoneum. Haematogenous metastases are rare but lymph
node spread is common. Although a routine staging system is not
employed, tumours can be staged using a TNM classification.
Tumours of stage T2 or less are confined to the renal pelvis or

Fig. 30.67 Renal oncocytoma on CT appearing as a well-defined
ureter, having invaded no further than the muscularis. T3 tumours

i ntensely enhancing mass with central non-enhancing scar. extend into renal parenchyma or peripelvic (or periureteric)
tissue; T4 tumours into adjacent organs or through the kidney into

good enhancement (often not as intense as normal renal tissue). perinephric fat.
Angiography classically shows regular radially orientated arteries On IVU TCC is seen as an irregular mass projecting into
(spoked-wheel appearance) but again, although this is suggestive the pelvicalyceal system. It may be sessile or polypoidal and
of the diagnosis, it is not specific. may be associated with obliteration of one or more of the calyces

(Fig. 30.68). In the upper urinary tract it virtually never shows

Transitional cell carcinoma This malignancy originates from the calcification on plain films. Depending on size and site there may
transitional epithelium of the renal pelvis, ureter or bladder and be associated hydronephrosis or hydrocalyx. The kidney may
usually presents with haematuria. It is most common in the become non-functioning on IVU in the presence of extensive
bladder (by far) and least common in the ureter (roughly parenchymal invasion. The differential diagnosis of a filling defect

1 25:2.5:1). It constitutes approximately 5-10% of renal malignan- on IVU includes other malignant honours (metastases, renal
cies. It is rare in childhood but may present at any age in adult- parenchymal malignancy invading the collecting system), throm-

hood, most commonly in the seventh decade with a male bus, non-opaque calculus and a variety of rare causes (sloughed
predominance. There is an increased risk of its development in papilla, fungus balls, pyeloureteritis cystica and gas bubbles). The
the presence of a variety of urothelial irritants (smoking, expo- two most important are thrombus and non-opaque calculi, which
sure to aniline dyes and other organic chemicals, analgesic abuse are reliably differentiated with CT. Thrombus has a characteristic
and chronic urinary tract infection, vesicoureteric reflux, obstruc- serpiginous appearance on IVU and a tendency to resolve rapidly

(Fig. 30.69). It is encountered with any cause of haematuria, includ-
ing TCC.

Retrograde pyelography will also demonstrate TCC as a filling
defect of variable irregularity; it may be performed to confirm the
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Fig. 30.70 Relatively echo-poor deposits of transitional cell carcinoma
obliterating the normal renal architecture in the upper pole.

Fig. 30.69 Well-defined serpiginous filling defect in the right renal pelvis
extending a little way into the upper ureter. This represents thrombus in a
patient overcoagulated with warfarin and presenting with haematuria. The
filling defect and haematuria resolved completely once normal coagulation
was restored.

I VU features and offers the urologist the opportunity of obtaining Fig. 30.71 Substantial transitional cell carcinoma showing a mixed echo-
urine from the affected pelvicalyceal system for cytology and poor and echogenic pattern and a mild associated hydronephrosis.

inspecting the bladder cystoscopically for synchronous lesions.
However, is not particularly specific or sensitive in the detection , when there is infiltration into renal parenchyma these

of TCC, especially when small. The most common appearance is of tumours may have very similar density and enhancement to renal
a relatively echo-poor mass within the central hyperechoic area. It

cell carcinoma. These features contrast with the other major differ-

may be associated with a dilated calyx or hydronephrosis. Renal
ential diagnosis, thrombus, which is slightly denser (20-55 HU)

parenchymal invasion may be detected as an ill-defined hypoechoic
and does not enhance at all. When large, the tumours characteristi-

area of (often subtle) expansion of renal tissue (Fig. 30.70).
tally obliterate the sinus fat, a feature not seen with renal cell carci-

Appearances may be complex: areas of keratin production in
noma (Fig. 30.72). There may be associated hydronephrosis or

squamous metaplasia or occasional encrustation of the tumour
hydrocalyx. Analogous features are seen on MRI (signal intensities

with calcium may produce echogenic areas similar to calculi or fat
being similar to normal renal tissue; sometimes sightly less on the

(Fig. 30.71). Chronic focal or global renal obstruction is both a pre-
T,-weighted sequence and slightly more on T,) but this modality is

disposing cause of the condition and a potential sequel and the
currently regarded as no more sensitive than CT and potentially less

tumour may therefore coexist with inflammatory debris and calculi.
so in the demonstration of small tumours.

CT is indicated to confirm the diagnosis of tumour (rather than, Squamous cell carcinoma This is an uncommon tumour consti-
for example, poorly opaque calculus) and stage the lesion. TCC is tuting less than 1 0% of urothelial tumours. It is generally associ-
reliably demonstrated from I cm diameter upwards. Calcification ated with metaplasia of the urothelium secondary to chronic
is rare (less than 2% of cases). The tumour appears as an ill-defined irritation, usually due to chronic urinary tract infection with
mass slightly denser than urine but hypodense (or sometimes isoin- calculi present in at least 50%. It is often therefore associated
tense) compared to normal renal tissue with a density value of with a structurally or functionally abnormal urinary tract. It has
between 8 and 30 HU. TCC is less vascular than renal cell carci- similar radiological features to TCC but is often more aggressive
noma and usually enhances poorly with intravenous contrast. and faster growing (Fig. 30.73).



Fig. 30.72 I nfiltrating left upper pole transitional cell carcinoma with similar density to normal renal tissue obliterating the sinus fat (A) and enhancing
slightly less than normal renal tissue (B).

Fig. 30.73 Squamous cell carcinoma developing within a chronic hydronephrosis (A). The tumour has extended out of the collecting system and is
invading the psoas muscle (B).

Fig. 30.74 Ultrasound of a Wilms'
tumour showing the characteristic
i rregular multicystic appearance.

haemorrhage, calcium and even fat (Fig. 30.74). CT similarly
shows a low-density heterogeneous poorly enhancing mass contain-
i ng substantial cystic/necrotic areas, sometimes with foci of
calcification and fat (Fig. 30.75). On MRI the tumour is low signal
on the T,-weighted sequence and high on T,-weighted images.
Although malignant, the tumour tends to displace rather than invade

adjacent structures. However, there may be invasion into the renal
vein and extension into and along the inferior vena cava, usually

superiorly, occasionally into the right atrium. Metastasis is most
frequently to the lungs and regional lymph nodes, sometimes to the
liver.

Wilms' tumour Wilms' tumour is a malignant tumour that arises
from embryological precursors of renal parenchym:i

( metanephros). The tumour usually develops within the kidney,
occasionally in the retroperitoneum. It occurs rarely in young
adults but constitutes around 90% of renal tumours in childhood.
There is a peak incidence at the age of 3-4 years; it is uncommon
above the age of 5 and rare in the neonate. Tumours may be bi-
l ateral in up to 13% of cases. There may be an association with a
number of developmental conditions, including hemihypertrophy,
aniridia and genitourinary abnormalities (cryptorchidism, hypo-
spadias, stale pseudohermaphroditism, progressive glomerulo-
nephritis). Around I % have been described as familial.

Presentation is usually with a palpable mass, often detected on
examination for another condition, particularly trauma. It rarely
presents with haematuria or pain. Hypertension is present in 25%
due to excess renin production.

Ultrasound demonstrates a solid renal mass, usually large and
predominantly of intermediate to low echogenicity. The tumour is
generally heterogeneous due to areas of necrosis and sometimes



Fig. 30.76 Multilocular cystic nephroma on ultrasound (A) and CT before
(B) and after (C) contrast. Note the lesion typically bulging into the renal
pelvis.

commonest appearance is of multiple poorly enhancing low-density
subcapsular nodules. On MRI they appear relatively low signal on
both T,-weighted and T,-weighted sequences and on ultrasound
(although less easily demonstrated) as echogenic nodules. Diffuse
nephroblastomatosis leads to renomegaly, which may appear dif-
fusely echo-poor. On contrast studies these cases may also show
striated enhancement.

The commonest (albeit rare) tumour of primitive renal tissue
encountered in adults is the multilocular cystic nephroma. It is
thought to originate from primitive metanephric blastema. It has an
intriguing bimodal age distribution, with 50% appearing at under 3
years of age (predominantly in males) and the remainder in adults

Fig. 30.75 CT scan of bilateral Wilms' tumours showing an irregular (predominantly in females above the age of 40). Pathologically the
multicystic appearance. l esion appears as a cyst with septae that contain renal tissue of vari-

Other tumours of primitive renal tissue able maturity. It has been referred to as an adult WiImS' tumour but

Nephroblastomatosis i s not in itself a tumour but is closely related it does not contain expansile masses of nephroblastomatous tissue.

to Wilms' tumour. It consists of nurltifocal or diffuse areas On IVU it usually appears as a non-specific mass but its multicystic

of metanephric blastema within the kidneys persisting beyond manure is occasionally visible as multiple non-enhancing areas. It

36 weeks gestation. These tumours are most frequently encountered may characteristically bulge into the renal pelvis. Ultrasound, CT

i n the peripheral cortex or columns of Bertin. They are found mci- and MRI will show a well-defined multiloculated mass, often with

dentally in up to V/c of infants but have the potential to transform an apparent capsule. There is little or no enhancement with intra-

i nto Wilms' tumours and are thought to he responsible for up to venous contrast (Fig. 30.76). Calcification is not a feature. It is an

40% of unilateral and 99% of bilateral Wilnms' tumours. On CT the i ndolent tumour but may extend through the renal capsule. Partial
nephrectomy is usually curative, although incomplete excision may
l ead to local recurrence. It does not metastasise.

Mesohlastic nephroma (fetal renal hamartoma) is the conmnon-
est renal tumour in the neonate, most cases presenting by the age of
3 months, rarely above 12 months. It is solid but may contain
cystic, haemorrhagic and necrotic areas. It is locally infiltrative and
may recur if incompletely resected, and on rare occasions metasta-
sise to lungs, brain and bone.

Renal medullary carcinoma This is a rare malignancy originat-
i ng from the medulla at its interface with the renal pelvis. The
mean age of presentation is 20 years (range 10-39) and it is vir-
tually confined to patients with sickle-cell trait or haemoglobin
SC disease. It is extremely aggressive with a poor prognosis,
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Fig. 30.78 Contrast CT
scan of a renal infarct in a
patient with arteritis. The
left kidney is almost entirely
non-perfused apart from a
partial peripheral rim.

and/or bilateral renal lesions should prompt a search for features

of metastases or lymphoma and may require biopsy. The presence
of fat i s highly suggestive of angiomyolipoma, , even when only a
very small amount of fat is present. These benign lesions are best
l eft alone or, if large and/or expanding and the risk of haemorrhage
is a concern, they are best dealt with by nephron-sparing surgery.

CT

of renal sarcoma

contr

show-

- Occasionally non-ncoplastic lesions such as focal pyelonephritis or

CT ing generally expanded mfarct may produce a localised mass. The clinical and imaging fca-

kidney with areas of tu- tures (if necessary with sequential imaging) should confirm the
mour enhancing less well benign diagnosis.
than normal renal tissue. As the quality of scanning equipment improves and the general

i nvading into the renal pelvis and showing early involvement of population undergoes increasingly frequent scanning for a variety

the lymphatic and vascular structures. Radiologically it behaves of indications, small asymptomatic renal masses are often inciden-

li ke an invasive transitional cell carcinoma, showing an ill-defined tally identified. Lesions that are 1.5-3.0 cm in diameter can usually

heterogeneous central mass involving the renal sinus and associ- be adequately categorised as simple cysts, probably renal cell carci-

ated with dilated calyces. There may be satellite nodules within nomas or indeterminate lesions to be considered as above. Very

renal parenchyma and early distant metastases. small lesions (below 1.5 cm) may be difficult to categorise, espe-
cially, for example, if there is an equivocal lesion on CT and the

Sarcomas Renal sarcomas are rare, representing 3 °/r or less of all patient's build does not permit adequate visualisation with ultra-
renal malignancies in adults. They include a variety of histolo- sound. In these circumstances it would seem reasonable to repeat
pies, depending on the tissue of origin. The majority are the imaging after 6 months and then subsequently yearly. If the
leiornyosarcomits, the remainder include rhabdomyosarcoma, l esion grows to more than 2 cm diameter, removal, probably with a
chondrosarcoma and fibrosarcoma. Clinically and radiologically partial nephrectomy, would be appropriate.
they are similar to renal cell carcinoma and appear as large soft-
tissue masses, although areas of fat may be seen with a lipo-
sarcorna and hone with an osteosarcoma. Sarcomas arise most RENAL VASCULAR DISEASE
often from the renal capsule or sinus and this location may
suggest the diagnosis (Fig. 30.77). They tend to metastasise

Renal arterial infarct The renal artery is an end artery and if it is
occluded the kidney will infac. Causes include thrombosis

haemutobeneously L ymphadenopathy is therefore usually notably
(usually due to atheroma), trauma, renal artery dissection, arteritis

absent. They have variable aggressiveness but they are difficult to
eradicate and the prognosis is poor. and embolus. Acutely the patient presents with pain, haematuria

and proteinuria and may have fever and leucocytosis. On IVU the
affected kidney is non-functioning (no nephrogram or contrast

The indeterminate mass excretion into the calyces). On ultrasound the kidney is acutely

Most masses encountered in the kidneys are simple casts and pro- swollen and may appear echo poor. There is no Doppler trace

vided they fulfil the criteria described above can be safely assumed obtainable from the intraparenchymal or mainstem renal arteries.

to he benign. The majority of solid masses are renal cell carcinoma CT and MRI will demonstrate a swollen kidney with no enhance-

and are treated with radical nephrectomy. The remaining renal ment with intravenous contrast (although there may be a rim of

masses are to some extent indeterminate: being neither an obvious peripherally perfused parenchyma if the capsular artery is pre-

henign cyst nor an obvious renal cell carcinoma. They may be con- served) (Fig. 30.78). Over a period of weeks or months the kidney

sidered in three categories: cystic lesions, solid lesions not typical will atrophy dramatically, becoming small and fibrous.

of renal cell carcinoma and small lesions. Chronically infarcted kidneys may be difficult to identify on ultra-

Multilocular cystic renal lesions have a wide differential, many sound due to their small size and loss of most of the parenchyma

ofthem uncommon. Possibilities include septated renal cyst,Occlusion of a branch of the renal artery produces infarction of
inflammatory processes (renal abscess, focal xanthogranulomatous only part of the kidney, the size of which is determined by the size

pyelonephritis, hydatid disease), segmental multicystic kidney and
tumours (cystic renal cell carcinoma, Wilms' tumour and cystic
nephroma). There may be clinical indicators to some of these con-
ditions. The Bosniak classification of cystic lesions, as described
above, is probably the best currently available approach to the
remainder, with the options of guided biopsy/fine-needle aspiration
and repeat interval imaging in appropriate cases.

II i s generally safest to assume that a solid renal mass is a renal
cell carcinoma and should be treated with radical or partial
nephrectomy. However, imaging features may modify that
approach. A centrally placed lesion that is more infiltrative than
expansile raises the possibility of transitional cell carcinoma
requiring nephroureterectomy. If the lesion is particularly well
defined the possibility of a relatively benign lesion (oncocytoma,
arteriovenous malformation) needs to he considered. Multiple
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perform spectral analysis on intrarenal arteries. RAS of less than
75% is not detected with this technique. More severe stenoses are
characterized by reduction in the ascending slope of the systolic
peak, which can be measured as reduced acceleration (below
3 m/s/s), lengthened time to systolic peak (above 0.07 s) and
increased resistive index (above 5%) and pulsatility index (above
0.012) of the affected kidney compared with the other side.
Unfortunately the correlation of RAS diagnosed from these criteria
compared with more direct investigations is poor. The introduction
of ultrasound contrast agents and continued developments in scan-
ners is likely to improve this technique, which currently offers the
best hope for a safe routine test for RAS.

Patients who are strongly suspected of RAS on clinical and/or
ultrasonographic grounds may progress to further investigation
with CT, MRI or functional radionuclide studies (described in
Chapter 29).

CT angiography is an extremely useful investigation but exposes
the patient to a considerable amount of radiation and should not
therefore be used as a first-line investigation. The scan should he
performed during the vascular phase, 15-25 s after the start of an
intravenous infusion of 90-150 ml of 300 strength contrast at

3-5 ml/s. Recommended parameters are: collimation of 3 mm,
pitch of 1.5-2.0 and reconstruction interval of 1-2 mm. Images can
be reconstructed in multiple planes (Fig. 30.79) and maximum

intensity projection performed for a 3D display. There is consider-
able variability in the suggested accuracy of the technique but it
does appear to be of the order of 92% sensitivity and 83%
specificity for RAS of 70% or greater.

MR angiography has the advantage that it avoids ionising radia-
tion. Its disadvantage has been image degradation by patient move-
ment (especially respiration), inability to see distal renal arteries
and poor resolution compared with CT. As stronger and faster gra-
dients are developed the situation is improving. Initially time of
flight and phase contrast techniques were employed but these are
being replaced by T,-weighted contrast-enhanced acquisitions, with
significant improvement in the images. There is a tendency for MR
angiography to overestimate the severity of the stenoses and, once
again, the published accuracy varie considerably but at best is of

Fig. 30.79 CT angiogram (coronal reconstruction). A tight stenosis of
the origin of the right renal artery is demonstrated.

of the artery affected. IVU may show a wedge-shaped defect on the
nephrogram, apex pointing towards the hilum, but this is better seen
on contrast CT as a wedge of reduced perfusion. The capsular
artery is an early branch of the renal artery and is often preserved.
Consequently in around 50% of cases a sliver of perfused cortex is
seen over the peripheral aspect of the infarct, against the capsule.
Ultrasound may show a subtle wedge of reduced echogenicity and
absent Doppler arterial signal. Again the infarcted renal tissue atro-
phies and later IVU, ultrasound, CT and MRI will demonstrate a
focal scar.

Renal artery stenosis Significant renal artery stenosis (reduction
of the internal diameter by at least 60%) is a potentially treatable
cause of hypertension which is often severe and resistant to treat-
ment. The vast majority of cases are due to atheroma but in
younger adults fibromuscular dysplasia is seen in up to one-third.
Other causes are rare and include arteritis (polyarteritis nodosa,
Takayasu's disease, etc.) and compression of the renal artery by
retroperitoneal masses. Renal artery stenosis (RAS) is the cause
of hypertension in less than I % of cases and it is therefore
i mportant to avoid overinvestigating vast numbers of individuals
who do not have the condition. Unfortunately no single investiga-
tion is ideal and there remains considerable controversy over the
best approach to this problem.

The IVU is no longer indicated to investigate this condition,
usually being normal unless RAS is very severe. On rare occasions
characteristic features may appear on an IVU performed for a dif-
ferent indication. The affected kidney may be small and smooth
(RAS is probably the commonest cause of this). The reduced perfu-
sion on the affected side produces a late nephrogram but because
the contrast-containing urine within the tubules progresses slowly it
becomes more concentrated than the unaffected side, ultimately
giving rise to a hyperdense nephrogram. Similarly there is late
appearance of contrast into the pelvicalyceal system and again this
becomes hyperdense. Notching of the ureter due to compensatory
hypertrophy of the ureteric artery (derived from the lumbar arteries)
is extremely rare.

Initial ultrasound investigation is a logical first step in the investi-
gation of RAS. It is a simple non-invasive way to determine the
presence of two kidneys and exclude an obvious structural abnor-
mality or coexistent condition that may relate to the hypertension
(renal scarring, hydronephrosis, calculus disease and rarely renal or
adrenal tumours). Ultrasound will also demonstrate if there is an
obvious size disparity (more than 2 cm) between the kidneys and
whether or not one kidney is abnormally small, both features that
suggest unilateral RAS.

A variety of options for further investigation are available and
the choice will tend to reflect local skills and enthusiasm. Doppler
assessment of the mainstem renal artery may he performed. Colour
i maging may demonstrate visually a change at the site of a stenosis
and offer guidance for spectral sampling. The diagnosis of a
significant stenosis is based on the functional information obtained
by spectral sampling. A stenosis increases the peak systolic velocity
and it has been suggested that a renal:aortic velocity ratio of more
than 3.5 or an absolute velocity above 180-200 cm/s indicates a
stenosis of more than 60%

. There is still fierce debate about
the usefulness of this technique, the published figures for accu-
racy varying enormously (0-98% for sensitivity, 37-99% for
specificity). It is also difficult to perform the examination routinely,
the technical failure rate being up to 90%. An alternative is to
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Notching of the ureter by dilated venous collaterals is occasionally
seen. Ultrasound appearances include loss of the normal corti-
comedullary differentiation and diffuse reduction in echogenicity.
The kidney may appear generally hypodense on CT. Thrombosis
can he demonstrated within the renal vein with ultrasound. CT or
MRI. Chronically the kidney becomes small and atrophic. Although
renal cell carcinoma often invades the renal vein and inferior vena
cava, it is remarkably rare for it to manifest with the clinical or radi-
ological features of a renal vein thrombosis, presumably because the
onset is insidious and the kidney manages to establish a satisfactory
collateral drainage.

Shock nephrogram This is the delayed onset of a dense nephro-
gram with the disappearance of contrast from the pelvicalyceal
systems. This indicates profound hypotension during an IVU,
usually secondary to an adverse reaction.

CALCULI AND OBSTRUCTION

Renal and ureteric calculi

The formation of upper tract calculi is a common problem. It
appears to be due to minerals crystallising out of urine in a normal

urinary tract. There is a predictable increased risk of stone forma-
tion in conditions where the urine contains a high concentration of

Fig. 30.80 Angiogram demonstrating multiple short smooth stenoses of
the right renal artery in fibromuscular dysplasia.

minerals, particularly calcium. Spending time in a hot climate or in
a heat wave or becoming recurrently dehydrated in sporting or

the order of 95% sensitivity and 90% specificity for RAS of 50% or occupational activities are the commonest associations. Soave

worse. patients exhibit a familial tendency. A small but significant minority

The conventional gold standard investigation for the diagnosis of of patients have a specific biochemical cause. Hyperealciuria is the

RAS has keen percutancous arteriography. Its place as a diagnostic most common and may be due to excess loss by the kidneys in nor-

test is much reduced in view of the non-invasive investigations con- mocalcaemic states or in association with hypercalcaemia, which

sidered above. However, it' a significant RAS has been diagnosed, has a number of causes (discussed under nephrocalcinosis) but is

treatment with percutancous renal arterial angioplasty may he indi- most commonly due to hyperparathyroidism. Structural ahnormali-

cated. Intra-arterial angiography will then be performed as the first ties predispose to stone formation, particularly those involving

step in the therapeutic procedure (Fig. 30.80). urinary stasis, for example pelviureteric junction obstruction. The
presence of infection is also an important cause. Once one factor is

Renal artery aneurysm This is usually due to atheroma and may present others may develop; for example, a calculus may impede
act as a source of thrombotic emboli with subsequent infarction of drainage from a calyx or the renal pelvis, increasing the risk of
part or all of the renal arterial supply. infection, further calculus development and worsening drainage.

Renal vein thrombosis This uncommon condition classically Over 90% of calculi arc radiopaque on plain films (Fig. 30.81)

presents as loin pain and haematuria. It may be idiopathic but far and virtually all on CT. Most of these are calcium salts, usually a

store often there is an identifiable association such as abnormal mixture of oxalate and phosphate, sometimes pure phosphate or

coagulation (especially disseminated intravenous coagulation), oxalate. They are highly radiopaque, particularly calcium phosphate

connective tissue disease, amyloid, sepsis, trauma, pressure by calculi. Small-bowel disease or resection predisposes particularly

lymph nodes or tumour and some haemoglobinopathies. An impor- to the formation of oxalate calculi, which may have a speculated or

tant cause is nephritic syndrome, which is usually due to minimal punctate appearance (Fig. 30.82). The higher the oxalate content

change glomerulonephropathy i n children and membranoprolifera- compared to the phosphate content, the greater the case of treat-

tive glomeruloncphritis in adults, the latter having an association ment with lithotripsy. A minority of stones (up to I0% i n some

with malignancy, especially carcinoma of the bronchus. The devel- series) are largely composed of struvite (magnesium ammonium

opment of renal vein thrombosis under these circumstances is also- phosphate). These are poorly radiopaque when pure but they often

ciated with marked worsening of the proteinuria. If thrombosis is contain some calcium phosphate (triple phosphate calculi), which

complete and occurs abruptly the imaging features are similar to i ncreases radiodensity. They are associated with infection with

those of an arterial infarct (non-functioning swollen kidney) except urea-splitting bacteria (notably Proteins mirabilis). They may

for Doppler ultrasound, which demonstrates loss of the venous become large and branching (staghorn, i.e. extending into adjacent

rather than the arterial signal. If there is subacute or partial thrombo- calyces) and are often laminated (Fig. 30.83). Although they shatter

sis then in the early stage all modalities will demonstrate smooth relatively easily with lithotripsy, their large size means that they are

renal enlargement. The IVU will show a delayed but subsequently often better treated with percutaneous nephrolithotomy. The forma-

hyperdense nephrogram and pyelogram. with either normal calyces tion of calculi is often thought to he initiated by mineral deposition

or some evidence of compression due to parenchymal swelling. on a nidus of nwcoprotcin matrix. Occasionally calculi consist of
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Fig. 30.81 (A) Small right
renal calculus visible on plain
film and larger calculus (B) in
the left lower pole major calyx.

relatively pure matrix. They arc radiolucent and only form in alka-
line urine, usually in association with Proteus i nfection.

In less than 1 0% a variety of other calculi arc encountered, often
associated with abnormal metabolic states. Urate calculi occur with
increased uric acid excretion in the urine, usually associated with
gout. occasionally with other causes of hyperuricuria, such as
hypercatabolic states with increased turnover of nucleoproteins (for
example, patients with leukaemia or lymphoma and/or undergoing
chemotherapy). They are radiolucent on plain films but easily seen
on CT (Fig. 30.84). Cystine calculi are seen in patients with cystin-

uria, an inherited renal tubular disorder with loss of the amino acids
cystine, ornithine, arginine and lysine in the urine. They are only
modestly radiopaque due to their sulphur content and have an amor-

Fig. 30.83 Plain film showing large right staghorn calculus.
Fig. 30.82 Multiple punctate calculi in hyperoxaluria secondary to small
bowel resection.
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Fig. 30.84 Radiolucent urate
calculus, not visible on plain
film, appearing as a well-
defined filling defect in the col-
lecting system of the left kidney
(A). A larger mass is also visible
distorting the left pelvicalyceal
system. CT confirms that the
small filling defect is a urate cal-
culus (B) and the larger one a
parapelvic cyst (C).

varies from a few minutes to 24 h or more depending on the sever-
ity of the obstruction. There is generally some distension of the
pelvis and the ureter down to the calculus, with a standing column
of contrast in the ureter above the calculus. This is often best
demonstrated on prone films and is usually relatively mild com-
pared to the degree of dilatation that occurs in chronic obstruction
(Fig. 30.85). There may be extravasation of contrast from rupture oh
one of the fornices associated with high pressure in the obstructed
system leading to pyelosinus and pyelolymphatic extravasation
(Fig. 30.86). The vast majority of calculi progress down the ureter

i nto the bladder over a variable period of time; at least 95% of
patients with calculi less than 4 nun diameter would he expected to
pass them spontaneously. The time taken to pass the calculus relates
to its size, calculi of 2 mm diameter taking a mean of 8 days,
calculi over 4 mm a mean of 22.1 days. Calculi most commonly
arrest (usually temporarily) over the sacrum, as the ureter crosses

phous ground-glass appearance. Xanthine calculi are extremely the iliac artery, or at the vesicoureteric junction in the intramural

rare: they are radiolucent and associated with defective oxidation of ureter, both sites of relative narrowing. They can be extremely

purines. Treatment of AIDS patients with protease inhibitor agents difficult to demonstrate on IVU when they come to lie over the

such as indinavir may lead to crystalluria and tiny radiolucent sacrum. They may be associated with considerable mucosal oedema

calculi. when they impact at the vesicoureteric junction (Fig. 30.87).

Small calculi that remain in the calyces are generally asympto- Calculi are seen as filling defects on the postcontrast filin, and

matic but may be associated with microscopic haematuria. As they sometimes in the presence of heavy hacmaturia there may also be

enlarge it is debatable whether or not they are associated with pain visible thrombus within the collecting system (Fig. 30.88).
until they provoke some degree of calyceal or pelvic obstruction. Ultrasound usually demonstrates mild hydronephrosis on the
Migration of small calculi into the ureter is common and presents symptomatic side (Fig. 30.89). As indicated above, in acute
with colic. This provokes severe prolonged pain radiating from the obstruction the degree of distension is usually mild and the ultra-

l oin into the ipsilateral pelvis. The pain moves distally as the calcu- sound appearances often overlap with normal. If minimal changes

l us progresses, often being maximum as the calculus struggles to are taken to represent ureteric colic, ultrasound achieves a reason-

enter the bladder. Once in the bladder it usually exits via the urethra able degree of sensitivity (95%) but at the cost of a low specificity

with remarkable ease. There is usually haematuria, generally micro- of around 67%. Calculi within the calyces and renal pelvis can be
scopic, occasionally frank. Plain films are not very useful in seen as highly echogenic foci with dense distal acoustic shadowing

ureteric colic. They demonstrate other renal calculi with reasonable (Fig. 30.90). It is rare to demonstrate calculi within the ureter but

reliability but are extremely inaccurate in confirming ureteric calcu- they may be seen at the vesicoureteric junction (Fig. 30.91) associ-

l us, small ones often being overlooked while innocuous areas of ated with some local ureteric distension. Despite its shortcomings,

calcification such as phleboliths are often misdiagnosed as calculi. ultrasound has the advantage of not subjecting the patient to ionis-

The traditional modality for investigating ureteric calculi has been ing radiation and has been recommended as the initial choice in the
the IVU. This demonstrates the relationship of a suspected calculus investigation of calculi in childhood.
on the plain film to the urinary tract, confirming its location within Spiral CT is now increasingly replacing the IVU in the investiga-

the collecting system. In most patients with ureteric colic there is tion of ureteric colic and can be regarded as the investigation of

some degree of obstruction, manifested by delay in the appearance choice where it is available. A suitable protocol is collimation of

of the nephrogram and contrast excretion into the pelvicalyceal 5-7 mm, pitch of 1.5-2 and slice reconstruction of 3 mm. The
system. The affected kidney is often modestly enlarged. The delay advantages of CT include the avoidance of an injection of contrast
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Fig. 30.85 Dense nephrogram with delay in appearance of contrast in
the left collecting system characteristic of high-grade obstruction (A).
Eventually contrast outlines a mildly distended ureter down to a calculus at
the left vesicoureteric junction (B) with the calculus just visible on the plain
fil m (Q.

the ureter confirms the primary diagnosis. This is usually straight-
forward as there is often some prominence (albeit mild) of the

medium and a rapid result without having to wait for several hours must be taken to avoid misdiagnosing iliac artery calcification or
i f there is high-grade obstruction. Spiral CT is thought to be highly phleholiths as calculi. Calculi usually demonstrate a rim of soft
accurate, with a sensitivity of 94%, and specificity of 97%, com- tissue, which helps distinguish them. Secondary signs of' urinary
pared with 52% and 94% for IVU (and much worse for ultrasound) tract obstruction provide confirmation of the diagnosis and offer a
and 19% and 979 for ultrasound. CT has the potential advantage of measure of the degree of obstruction. Prominence of the renal
making alternative relevant diagnoses (diverticulitis, appendicitis, pelvis may merely be due to an extrarcnal pelvis. Dilatation of the
cholecystitis, etc.) in patients with acute abdominal pain. However, i ntrarenal collecting system and hydroureter are more significant.
it exposes the patient to a significant radiation burden. Estimates of The obstructed kidney may also be enlarged. There is often strand-
the magnitude of this vary and it may represent three times the radi- i ng within the perinephric fat, due to fluid within the bridging septa
ation of a three-film emergency IVU. However, if additional IVU secondary to high lymphatic pressure (Fig. 30.93). If the changes
fil ms are required the relative disadvantage is reduced. Efforts are particularly gross but focal, this is likely to be due to forniceal
should also he made to perform the CT with the minimum mAs. rupture. The pyramids may normally appear remarkably dense on
This may reduce image quality but should not affect its diagnostic unenhanced CT (white pyramid sign) and this may be absent on the
usefulness for ureteric colic, and a radiation exposure not obstructed side or in the presence of infection. Differentiation
significantly different from IVU may be achievable. Essentially all between calculi that have passed into the bladder and are lying
ureteric calculi are radiopaque on CT (the only exception being against the vesicoureteric junction from those still impacted at the
protease inhibitor crystals). Demonstration of the calculus within junction can he achieved with prone scanning.



Fig. 30.87 Full length film
from an I VU series (A) showing
stasis and mild fullness in the
l eft ureter and considerable
oedema around the vesi-
coureteric junction due to a
s mall calculus visible on the
plain film (B).

As indicated above, ureteric calculi usually pass spontaneously. If The pattern of growth of calculi within the renal calyces is vari-
adequate pain relief cannot he achieved and the calculus is not pro- able. Small ones may remain unchanged over years or migrate into
pressing, especially if there appears to be high-grade obstruction or the renal pelvis or ureter and provoke recurrent episodes of colic.
infection, a percutanous nephrostomy can be positioned to relieve Alternatively they may remain in the calyces and enlarge at a vari-
symptoms and drain the system. This may provoke ureteric relaxation able rate, sometimes developing into a staghorn calculus. Treatment
and subsequent calculus passage. It also offers the possibility of sub- options include open nephrolithotomy (rarely indicated and only for
sequent diagnostic nephrostograms or therapeutic antegrade stent very large calculi), percutaneous nephrolithotomy (for large
positioning. It also stabilises the situation while urgent lithotripsy is calculi), extracorporeal shock wave lithotrispy (ESWL) and obser-
organised. Calculi that are in the distal ureter may, however, be better vation. Percutaneous nephrolithotomy and ESWL are discussed in
managed with retrograde stenting and/or ureteroscopic removal. Chapter 29.

Fig. 30.86 Pyelosinus extravasation
(A) in high-grade obstruction with
leakage of contrast around the upper
pole calyces, which have become ill-
defined. Contrast is entering the lym-
phatic vessels (arrow), pyelolymphatic
extravasation. More profuse extravasa-
tion is occasionally seen with forniceal
rupture (B).
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Fig. 30.91 Small calculus in the distal dilated ureter seen as an
echogenic focus on ultrasound.

he lost with poor or absent excretion of contrast on IVU. After pro-
l onged obstruction (months or years) there may be almost complete
cortical loss. Ultrasound is excellent for the diagnosis of chronic

Fig. 30.88 Small ureteric calculus (small arrow) associated with haema- obstruction and is also the first-line investigation in searching for a
turia and thrombus (large arrow).

cause (Fig. 30.94). As indicated above, ultrasound is often more
equivocal in acute obstruction, although improvement in accuracy
with Doppler techniques has been reported. Spectral analysis of
i nterlobar or arcuate arteries may demonstrate increase in the resis-
tive index in the obstructed kidney. This reflects reduction in the
blood flow and is seen in a number of other conditions, including
acute renal parenchymal disease. A resistive index above 0.70, or
more than 0.08 more than the contralateral kidney, is suggestive of

Fig. 30.89 Ultrasound show- obstruction in the appropriate clinical situation.

i ng a relatively marked hydro- Pelviureteric junction obstruction is associated with isolated
nephrosis. hydronephrosis but obstruction below the level of the pelviureteric

j unction is associated with some degree of uretcric distension
(hydroureter). Again this is most marked with chronic obstruction,
where there is often also considerable tortuosity of the ureter. The
major causes of obstructive hydronephrosis (most associated with
hydroureter) are as follows:

• Calculi-renal pelvic (hydronephrosis alone), ureteric
• Pelviureteric junction obstruction
• Tumours

-extrinsic compression of the ureter in the retroperitoneum
(usually lymph node metastases) or pelvis (gynaecological

malignancy, bladder, prostate or rectosigmoid carcinoma)
urothelial tumour of the ureter or pelviureteric junction

• I nflammatory mass lesions (Crohn's disease, appendix or diver-
Fig. 30.90 Small solitary renal calculus on ultrasound seen as an titular abscess)
echogenic focus with marked distal acoustic shadowing. • Other ureteric stricture (see below)

• Other ureteric filling defect (see below)
Hydronephrosis and hydroureter • Retroperitoneal fibrosis

A large renal pelvis alone is not hydronephrosis, it may simply rep-
• Pregnancy hydronephrosis and hydroureter.

resent a prominent extrarenal pelvis, which is a normal variant. Hydronephrosis may also he seen in some non-obstructive states.
Hydronephrosis is dilatation of the renal pelvis and calyces. At its The commonest are postobstructive hydronephrosis (often accom
most mild it is seen on IVU as blunting of the fornices but with panicd by atrophy), when a previous obstruction has been relieved,
preservation of the papillae. With increasing severity the papillae severe vesicoureteric reflex and primary megaurcters. Continued
become flattened and ultimately appear concave as the calyces passage of an excessive volume of urine may also produce these
balloon out. With chronic obstruction the signs are more pro- appearances, for example in diabetes insipidus. Non-obstructive
nounced and diffuse cortical loss develops. Renal function begins to hydronephrosis and hydroureter are also occasionally seen in severe



pyelonephritis due to the release of an endotoxin that inhibits
UPPER URINARY TRACT TRAUMA

ureteric peristalsis. Renal trauma Up to 90% of renal injury is due to blunt rather
than penetrating injury. It is seen in up to 10% of patients with

Pregnancy hydronephrosis and hydroureter
significant abdominal trauma, and when severe is associated with

injury to other organs in up to 80%. Conversely, when the kidney
Non-obstructive dilatation of the upper two-thirds of the ureters and i s the only organ damaged the injury is minor in around 98% of

pelvicalyceal systems often occurs during pregnancy, due to smooth cases. A wide range of pre-exisiting renal abnormalities predis-

muscle relaxation under the stimulus of the hormones of pregnancy pose to renal injury, sometimes in the context of relatively minor

(particularly progesterone). It is usually more pronounced (or trauma. This may relate to a vulnerable position (as with trans-

exclusively) on the right, presumably related to compression of the plant kidneys, horseshoe kidneys and crossed fused ectopia where

ureter by the uterus (the left side being protected by the sigmoid there is a more anterior location and proximity to the rigid spine

colon). It usually returns to normal 3-6 months postnatally. A pro- or iliac crest) or less robust areas of tissue, often combined

portion, however, remain dilated. The reason for this is uncertain with increased bulk (tumours, especially angiomyolipomas and

and theories include coexistent urinary tract infection during preg- renal cell carcinomas, cysts and hydronephrosis from any cause)

nancy or particularly severe dilatation in pregnancy. The IVU (Fig. 30.96). The paediatric kidney is also more vulnerable,

demonstrates dilatation of the upper two-thirds of the ureter, which arguably due to the relatively large size of the kidney.

tapers smoothly to normal caliber as it crosses the iliac vessels The most widely accepted indications for imaging the kidneys

( Fig. 30.95). after blunt abdominal trauma are gross haematuria or microscopic

Occasionally during pregnancy the patient complains of loin haematuria plus another sign of renal damage, in particular shock

pain, which may be extremely severe. It is usually right-sided and (systolic pressure 90 mmHg or below), or significant other associ-

may he associated with hydronephrosis which is significantly ated injuries. Microscopic haematuria alone is rarely associated

greater than expected for simple hydronephrosis of pregnancy. The with significant renal injury. However, severe injuries of the vacular

cause is unclear. The condition may present a considerable dilemma pedicle or pelviureteric junction may occur with microscopic

because it is difficult to exclude other causes of hydonephrosis, par- haematuria. Imaging of patients with microscopic haematuria is

ticularly ureteric colic, as it is desirable to avoid irradiating the therefore indicated if the patient has sustained substantial trauma to

fetus. Elevation of the resistive index on Doppler ultrasound may the renal area that may be associated with these sorts of injury (con-

help diagnose significant obstruction, and MR gadolinium excre- tusions/haematoma over the frank, fractures of the lower ribs, trans-

tion urography may gain a role. Most cases can be managed with verse processes or thoracolumbar spine). There is also an increased

serial ultrasound scanning, observation and pain relief but some risk of significant renal damage in children with blunt trauma and

patients are sufficiently symptomatic to require a nephrostomy patients of any age with penetrating trauma. These patients should

positioned under ultrasound (or MR) guidance. also be investigated even if only microscopic haematuria is present.
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Fig. 30.92 CT demonstrating subtle dilatation
of the right ureter (A) down to a small ureteric
calculus (small arrow, B). Perinephric stranding
i s just visible off the lower pole of the kidney (B)
i ndicating significant obstruction is present.
Calculus demonstrated at the left vesicoureteric
j unction on a different patient (C). Phleboliths
(D) may lie close to the expected course of the
ureter but do not have the soft-tissue rim of the
ureteric wall related to them. Other potentially
confusing calcitic opacities include arterial
calcification and osteophytes (E), fortunately on
the opposite side to the symptoms in this
patient, a dilated ureter being visible as well as
considerable perinephric oedema around the
lower pole of the left kidney.



972 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 30.93 CT showing modest perinephric stranding characteristic of significant obstruction from a ureteric calculus (A). In addition to these changes
this second case shows a small fluid collection adjacent to the anterior lip of the renal hilum indicating a forniceal rupture (B). The acute hydronephrosis is
generally mild, as demonstrated in this third example (C), but the asymmetry between the sides is useful (although this patient demonstrates a slightly full
extrarenal pelvis on the asymptomatic side). There is mild perinephric stranding on the symptomatic (left) side but considerable ill-definition around the
renal pelvis, suggesting some extravasation into the renal sinus. This can be seen to track down along the dilated ureter, giving it a shaggy appearance (D).

confirmation of the presence of a functioning contralateral kidney
and some gross information about the injured kidney. The absence
of unilateral excretion suggests a major vascular injury (usually
renal artery avulsion). Large retroperitoneal, perinephric and sub-
capsular haematomas may be identified as soft-tissue swelling,
often (in the case of retroperitoneal bleeding) with loss of the psoas
shadow. Disruption of the pelvicalyceal system may be seen as
extravasation of opacified urine. The quality of the IVU done under
such circumstances is likely to be poor and if the patient has
significant hypotension there may be little or no secretion bilater-

Fig. 30.94 Ultrasound of ally. With the increased availability of modern last CT scanners it is

diffuse cortical

chronic

diffuse corticaboat loss. demon-strating becoming increasingly unlikely that even the abbreviated IVU will
be deployed in the trauma situation.

Historically the IVU was the favoured modality for the assess- Ultrasound has been extensively used in trauma. Parenchyma],
ment of renal trauma. It has now largely been replaced by cross- subcapsular and perinephric haematoma can be seen acutely as
sectional imaging. In the haemodynamically unstable patient echo-poor areas, becoming more heterogeneous and echogenic with
destined for emergency laparotomy a single shot IVU (full length time. Disruption of renal parenchyma with capsular tears and urino-
film 15 min after contrast injection) may be considered. It may offer mas may be identified. Colour flow and spectral Doppler may allow



Fig. 30.98 Contrast CT showing a laceration of the kidney in the vicinity
of the anterior lip of the renal sinus with a large associated haemorrhage.

diagnosis of pedicle injuries. Ultrasound, however, may be subopti-
mal in the trauma patient, with areas of tenderness precluding ade-
quate imaging. Significant renal injuries may he missed, with up to
80% of parenchymal lesions being overlooked.

CT is currently the imaging modality of choice, allowing assess-
ment of the entire abdomen, including the liver and spleen, for
coexistent injuries. It is the most accurate technique for assessing
renal injury. The abdomen and pelvis should be scanned from the
diaphragmatic dome to the pubic symphysis with contrast. A suit-
able protocol is to commence scanning 30 s after the start of

Fig. 30.96 CT demonstrating traumatic rupture of a pre-existing pelvi- an injection of 50-100 ml of 300 strength at 2-3 ml/s, collimation
ureteric junction obstruction following relatively minor trauma. There is 7 mm, pitch 1.3, reconstruction interval of 7 mm. Hyperacute areas
copious extravasation of urine and contrast medium. of haemorrhage appear as ill-defined hyperdense areas. The bulk of

the haematoma on most scans will he more established and appear
of intermediate density. The haematoma may be described as

Fig. 30.99 Contrast CT showing a fracture
through the centre of the kidney with consid-
erable circumferential perinephric haemor-
rhage (A). Two months after conservative
management there has been impressive
healing of the kidney and resorption of most
of the haemorrhage (B).

Fig. 30.95 Persistent dilatation of the upper two-thirds of the right
ureter due to previous pregnancy.

Fig. 30.97 Contrast CT showing large predominantly posterior peri-
nephric haemorrhage.
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Box 30.3 Classification of renal trauma

Federle imaging classification AAST classification

Category I njury Grade I njury

I MINOR
Contusion 1 Contusion and/or

non-expanding
subcapsular haematoma

Cortical laceration 2 Cortical laceration less
not extending into than 1 cm not extending
a calyx into a calyx

3 Cortical laceration more

Fig. 30.100 Contrast CT showing a shattered kidney (multiple fractures). than 1 cm not extending
into a calyx

parenchymal, subcapsular, perinephric or any combination of these. I I MAJOR

Subcapsular blood is seen as a cresentic low-density area following Cortical laceration 4 Cortical laceration
extending into the extending to the

the convexity of the outer aspect of the renal cortex. Perinephric collecting system corticomedullary junction
haematoma surrounds the kidney as it enlarges. They are usually (renal fracture) or into the collecting
mostly posterior, displacing the kidney forwards (Fig. 30.97). If the system
collection is predominantly medial, pelviureteric disruption should I II CATASTROPHIC
be considered. Renal lacerations/tears appear as irregular low- Renal pedicle injuries Renal artery or vein injury
density linear areas crossing the parenchyma (Fig. 30.98). Fractures with contained

are lacerations that extend from the hilmn to the external surface of haemorrhage
5 Renal pedicle avulsion

the kidney (Fig. 30.99). Multiple renal fragments are referred to as Shattered kidney Shattered kidney
a shattered kidney (Fig. 30.100).

IV Pelviureteric junction
The commonest vascular injury to the kidney is renal artery dis- i njuries

ruption/avulsion, which appears as non-perfusion of the kidney

(Fig. 30.101). There may be some peripheral perfusion preserved
due to the early take-off of the capsular artery. Traumatic renal

categorising injuries into four groups (minor, major, catastrophic

artery dissection may he identified on CT and be associated with and injuries to the pelviureteric junction). The American Asso-

focal infarcts. Traumatic renal vein thrombosis is also seen and
ciation of Surgery (AAST) have described a surgical classification

l eads to a persistent nephrogram, sometimes with thrombus being
which has also been used in the literature. Since the vast majority of

patients will he imaged demonstrated in the renal vein. Contrast extravasation at maged but only a minority will undergo surgery,
the Federle classification is much more useful for the radiologist.

the pelviureteric junction is associated with injuries at this site. If
there is total disruption, the ureter fails to opacify; if the laceration

Fortunately the two classifications show considerable overlap

is incomplete, contrast appears in the ureter. and their main features are listed together in Box 30.3 to illustrate

MRI is thought to have a similar accuracy to CT in the assess- this.
Penetrating injuries are uncommon and usually relate to gunshotment of renal trauma. It may have some role where there is contrast

allergy but otherwise the logistical problems of the modality
or stab wounds. A significant number follow medical intervention,

generally exclude its routine use in acute trauma.
particularly renal biopsy. High-velocity gunshot wounds may be

The most widely used imaging classification of renal injuries is associated with catastrophic renal injuries; stabbing is more likely

that described by Federle. It is an easy intuitive system to follow,
to be associated with lacerations of varying severity (Fig. 30.102).
All (especially medical intervention) may lead to vascular injuries,
including traumatic arteriovenous fistulas.

Around 95% of renal trauma is represented by minor lacerations
and parenchymal contusions and does not require surgery. A small

minority are haemodynamically unstable, often with multiple
injuries, and require emergency laparotomy with either no imaging
or possibly portable ultrasound while the patient is being prepared
for surgery. The remaining group of patients are those with major or
catastrophic injuries but with haemodynamic stability. Current
opinion favours conservative management where possible with
these patients. Most major lacerations will heal without inter-
vention, even with a shattered kidney. Where a patient is stable but
has evidence of continued bleeding (for example, demonstrable
expanding haematoma with a continued need for transfusions),

Fig. 30.101 Contrast CT of traumatic renal arterial avulsion. The left
angiography with selective embolisation may have a role. Renal

kidney is completely non-enhancing (non-perfused). There is a small pedicle injuries with loss of perfusion to the kidney require arterial

amount of blood along the line of the renal vessels and a modest haemor- repair within a few hours if the kidney is to be preserved. However.
rhage related to the spleen. results arc poor and the surgery is hazardous and difficult.



Fig. 30.103 Bilateral extravasation from the distal ureters following
radical pelvic surgery. The ureters also show smooth tapered stricturing in
the pelvis with bilateral hydronephrosis and dilatation of the proximal
ureters, worse on the right.

Fig. 30.104 Damage to the left ureter during pelvic surgery with severe
distal ureteric stricturing, extravasation and fistulation into the vagina
(arrow indicates contrast in the vagina).

Other serious injuries are often present and may lead to the
ureteric trauma being overlooked. Although there is usually haema-
turia, it may be absent in up to one-third of cases. Features include
contrast extravasation, formation of a urinoma and occasionally
ureteric discontinuity. On IVU there may be mild to moderate full-
ness of the pelvicalyceal system and extravasation at the site of the
tear (Fig. 30.103). If it is complete, the ureter will fail to opacity
below it. Fistulation into other structures may occur (Fig. 30.104).
These features can also be demonstrated on a retrograde pyelogram,
although this is not usually necessary. If the tear is partial then it
will heal with a stent, albeit with the risk of late stricture formation.
Complete avulsion requires surgical repair.

DIFFUSE AND MULTIFOCAL RENAL
PARENCHYMAL ABNORMALITIES
A number of pathological processes (some of which have already
been discussed above) produce global or multifocal changes in the
i maging appearances of one or both kidneys. These appearances
include changes in the size and outline of the kidneys and the pres-
ence of multiple calcified areas.

Complete pelviureteric disruption also requires surgery but partial
disruption usually heals spontaneously. Persistent urinary extra-
vasation can be treated with retrograde or antegrade stenting.
Perinephric collections of urine or blood will tend to resorb
over time. Large and/or infected collections may be treated with
percutaneous drainage.

There is an increased risk of subsequent hypertension fol-
lowing renal trauma and this is particularly seen where there has
been a substantial subcapsular haemorrhage. The increased
intracapsular pressure impairs the renal arterial supply, impair-
ment that may be exacerbated with healing and the develop-
ment of perinephric fibrosis and renal atrophy (the Page
kidney).

Ureteric trauma Ureteric trauma constitutes less than I % of
urinary tract trauma. Unlike renal and bladder trauma it is usually
penetrating. It is occasionally due to severe deceleration with
avulsion, usually at the pelviureteric junction, less often the upper
third of the ureter and very rarely elsewhere in community-
acquired injuries. It is more frequent in children, presumably
because they are sufficiently flexible to permit the hyperflexion
required to produce the injury. An important subgroup of injuries

i s those acquired through medical intervention, particularly
gynaecological surgery for malignancy.

Fig. 30.102 Stab wound resulting in laceration of
the lower pole of the right kidney with considerable
associated haematoma shown on contrast CT (A). This
was successfully treated with selective coil embolisation
(B).
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Small scarred kidneys The commonest causes are reflux venous occlusion, acute arteritis including recent radiotherapy).
nephropathy (characterised by abnormally clubbed calyces oppo- Any of these conditions may be associated with a heterogeneous or
site the scars) and renal infarcts (the scars occurring between striated nephrogram and global reduction or loss of renal function.
normal calyces). Other conditions include papillary necrosis and Infiltration with tumour (leukaemia, lymphoma, transitional cell
previous surgery (usually unilateral). carcinoma, renal cell carcinoma and metastases-especially squa-

mous cell carcinoma) or an inflammatory process (tumefactive
Small smooth kidneys Bilateral small smooth kidneys are most

xanthogranulomatous pyclonephritis) may occasionally present as
commonly seen as a late stage of numerous pathological smooth unilateral renal enlargement.
processes. The commonest is probably renal arterial insufficiency

Compensatory hypertrophy of a kidney following loss or long-
(hypertensive nephrosclerosis, bilateral renal artery stenoses

standing disease of the other kidney is worth mentioning for com-
and/or small vessel disease), although these may be associated

pleteness. The kidney is normal apart from increase in size and
with scarring. Chronic glomerulonephritis and the end-stage of

cortical thickness. It is rarely pronounced above the age of 60 and is
other nephropathies (hereditary, analgesic, etc.) also lead to small

occasionally lumpy. Hypertrophy of one kidney is also seen in the
smooth kidneys. All of these processes lead to loss of the normal

syndrome of hemihypertrophy.
renal architectural pattern on ultrasound, with a general increase
in echogenicity. Medullary cystic disease is responsible for small
kidneys with cysts. Renal insufficiency and failure

A unilaterally small kidney with clubbed calyces is likely to he
due to postobstructive atrophy, although the appearances overlap Less than 10% of patients presenting with unpaired renal function

with reflux nephropathy (when the cortex is thin and the kidney have an obstructive cause. Nevertheless, this is the single most

particularly small, scars may not be evident). Generally at least I i mportant condition to diagnose or exclude because it is also the

week of high-grade sterile obstruction is required to produce irre- most treatable. Ultrasound is the standard method for this and in

versible obstruction. There is associated renal pelvic and ureteric the subacute or chronic situation ultrasound is usually highly accu-

ectasia. The commonest cause of a small smooth kidney with rate, as discussed above. After obstruction has been excluded, other

normal calyces is longstanding renal artery stenosis. Other causes causes may be considered. This is essentially the realm of medical

i nclude developmental hypoplasia, previous renal vein thrombosis, renal disease, which includes numerous conditions, many of which

radiotherapy and trauma with subcapsular haematoma. will give rise to similar imaging features. Ultrasound is again the
most useful modality. The IVU is likely to he of poor quality as

Smooth renal enlargement The commonest cause of bilateral renal function worsens (and there may be no visible excretion at
smoothly enlarged kidneys is diabetes, often before it has become all) and may potentially exacerbate the renal deterioration.
clinically apparent. Acute global renal insults of all sorts lead to Ultrasound will determine the presence of two kidneys and their
bilateral renal swelling and include acute glomerulonephritis, sizes. This is of interest because normal-sized kidneys in the pres-
acute nephropathy (AIDS, mate, etc.), interstitial nephritis and ence of renal failure suggests an acute cause with potentially an
renal involvement in connective tissue diseases (systemic lupus ongoing condition amenable to treatment. Small kidneys indi-
erythematosus, Wegener's, etc.). Diffuse infiltration with tumour cate chronicity. Ultrasound may also demonstrate areas of scarring
(leukaemia, occasionally lymphoma or myeloma) also produces (arterial or due to reflux nephropathy), calcification and cystic
this appearance. Rare causes include amyloidosis, acromegaly, disease. Global changes in echogenicity may be present and, with
autosomal recessive polycystic kidneys and hereditary deposi- Doppler, major vascular events may be detected (arterial or venous
tional diseases. infarction).

The commonest cause of unilateral smooth renal enlargement is In acute nephropathies there may be swelling of the cortex. This
acute obstruction, when the diagnosis is usually obvious clinically may retain normal echogenicity. In some cases of acute glomeru-
and from other imaging features. Other acute renal insults may l onephritis, acute tubular necrosis and acute interstitial nephritis the
produce unilateral smooth enlargement and include acute cortex may increase in echogenicity, emphasising corticomedullary
pyelonephritis and acute vascular disturbances (main arterial or differentiation.

Fig. 30.105 Ultrasound of a patient
with medullary sponge kidney showing
multiple small echogenic areas in the
papillae due to tiny calculi in the col-
lecting duct (A). There is also hydro-
nephrosis and proximal hydroureter
due to a ureteric calculus. Plain film
nephrocalcinosis (B) in a different
patient.



Most chronic conditions associated with renal insufficiency lead
to small kidneys with increase in the central echogenic fat, global
cortical loss and disappearance of the corticomedullary differentia-
tion. The kidneys may also become generally more echogenic.

Nephrocakinosis This refers to the presence of multiple foci of
calcification within the renal parenchyma, conventionally exclud-
i ng focal dystrophic calcification as found in renal tuberculosis
and renal cell carcinoma. It may be cortical or medullary.

Cortical nephrocalcinosis is uncommon and usually associated
with chronic renal failure and small kidneys. It is confined to the
peripheral 2 cm of the renal tissue and is often thin, being referred
to as tramline or eggshell calcification. The most common causes
are acute cortical necrosis and chronic glomerulonephritis. Acute
cortical necrosis occurs in response to a severe, usually hypoten-

sive, renal insult, such as perinatal shock, severe septic shock,
severe haemorrhage and some nephrotoxins, such as ethylene Fig. 30.107 Plain film showing moderately dense nephrocalcinosis due
glycol. Rare causes of cortical nephrocalcinosis include hyper- to secondary hyperoxaluria.
oxaluria, Alport's syndrome (sensorineural hearing loss and
congenital nephritis) and chronic transplant rejection. are some historical (milk-alkali syndrome, vitamin D overtreat-

Medullary nephrocalcinosis is relatively common and is charac- ment) and extremely rare (acromegaly, thyrotoxicosis) causes.

t erised by calcification of the pyramids with sparing of the cortex. Analgesic nephropathy/papillary necrosis may cause papillary

The commonest cause is medullary sponge kidney (Fig. 30.105). necrosis at multiple sites and, although strictly speaking it produces

Pathologically this does not cause medullary nephrocalcinosis, as multiple focal dystrophic calcific areas, it gives an appearance

the calcification is in the form of tiny calculi within dilated collect- si milar to medullary nephrocalcinosis.

i ng ducts. Radiologically, however, the calcification is seen in the There are two uncommon but important metabolic causes to con-

region of the pyramids and it is convenient and accepted to include sider. Type I (distal) renal tubular acidosis is associated with excep-

it i n this category. Any cause of hypercalcaemia may produce tionally dense medullary nephrocalcinosis, calculi and initially

medullary nephrocalcinosis and may be associated with urinary normal-sized kidneys and progressive renal failure. Hyperoxaluria

tract calculi and metastatic soft-tissue calcification. The most may also produce fairly dense medullary nephrocalcinosis

i mportant cause from this point of view is hyperparathyroidism (Fig. 30.107), and on rare occasions also gives rise to cortical

(Fig. 30.106). Disseminated malignancy causing hypercalcaemia is nephrocalcinosis, being the only condition to do this. Primary

fairly frequently seen but it is unusual for it to persist long enough hyperoxaluria is a rare hereditary disorder and leads to renal failure

to cause medullary nephrocalcinosis. Sarcoidosis is worth bearing and death in childhood or early adulthood. Secondary hyperoxaluria

i n mind as a cause of hypercalcaemia, and for completeness there is much more common and has a more benign course. It is associ-
ated with extensive distal small-bowel disease (for example,
Crohn's disease) and/or resection. The consequent malabsorption
of fat allows fatty acids to combine with calcium in the intestine.
Normally calcium is available to hind oxalate and prevent its
absorption. With this mechanism ineffective, oxalate is absorbed in
excess quantities, producing secondary hyperoxaluria. A final rare
cause of medullary nephrocalcinosis is chronic furosemide use in
premature infants with cardiovascular disease.

Papillary necrosis This condition is often listed as a cause of

medullary nephrocalcinosis although it causes dystrophic
calcification and strictly speaking should be excluded on that
basis. However, radiologically calcification is seen over the pyra-
mids and it is worth including in the differential diagnosis of
medullary nephrocalcinosis. The disease is characterised by
ischaemic necrosis of the papillae. The major causes are analgesic
nephropathy (especially phenacetin but also aspirin and other
non-steroidal anti-inflammatory agents), sickle-cell disease, dia-
betes mellitus, tuberculosis, acute severe pyelonephritis. renal
vein thrombosis, cirrhosis, chronic heart failure and chronic
obstruction (especially with infection). It is rarely seen in severely

ill infants and neonates with dehydration, acidosis and respiratory
distress. Presentation is usually insidious, with haematuria
(usually microscopic), pyuria and symptoms of poor ability to

Fig. 30.106 Plain film showing extremely dense nephrocalcinosis due to concentrate the urine as medullary tissue is lost (frequency and

hyperparathyroidism. polydipsia). Episodes of acute papillary necrosis are associated
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present with colic. The defect left behind appears as flattening or
concavity of the pyramidal tip (clubbing of the calyx). The necrotic
papillae often calcify (Fig. 30.110). The disease is typically bilat-
eral but assymetrical and as it progresses there is parenchymal loss
and the kidneys become small with smooth outlines and poorly
functioning.

LESIONS OF THE URETER

It is useful to consider conditions of the ureter by the principal site
affected, namely intraluminal, mural and extrinsic lesions. This is a
convenient classification because there are significant differences in
the radiological appearances and the investigative pathways for the
different groups of diseases. However, some disease processes may
affect more than one anatomical site and appearances may become
mixed. For example, a polypoidal tumour of the wall will display
some of the features of a mural lesion as well as a filling defect
within the lumen.

Intraluminal lesions
Intraluminal lesions appear as filling defects largely surrounded by
contrast material. Ureteric calculi represent over 99% of radiopaque
filling defects and the vast majority of radiolucent filling defects.
They are described under the section on calculi and obstruction
above.

Where there is heavy haematuria, clots may form and appear on
I VU as filling defects. They have a characteristic serpiginous
appearance, effectively being partly retracted casts of the collecting
system. They may cause obstruction but this is transient, urokinase

within the urine causing lysis within a few hours and appearances
usually returning to normal within a few days. There may be a
demonstrable structural lesion causing the haematuria (such as a
calculus or tumour) and this should be considered even if the

Fig. 30.109 Papillary necrosis with more widespread erosions into and patient has impaired coagulation, for example poorly controlled
around the papillae and a classic ball-in-cup configuration visible. warfarinisation.

Occasionally in papillary necrosis a papilla is sloughed and
appears as a filling defect. It may cause obstruction and is charac-
teristically triangular, showing variable calcification (usually mar-
ginal) and is associated with a defect in the pyramid from which it
i s derived. Similarly a necrosing renal tumour that has invaded the
collecting system may slough off fragments, which may pass into
the ureter (Fig. 30.1 1 1).

Rarely inflammatory masses may be seen in the collecting
system and have a configuration similar to thrombus. They consist

Fig. 30.110 Plain film of
advanced papillary necrosis;
small kidneys with papillary
calcification.

with flank pain, haematuria and acute renal failure. The common-
est cause is analgesic nephropathy when there is an association
with an unstable urothelium and a predilection to the formation of
multiple transitional cell.carcinomas.

The classical features are described on IVU. Initially there are
small necrotic areas which erode the tip of the papillae and irregu-
larly excavate from the fornices into the pyramids (Fig. 30.108). As
these excavations develop, the papilla becomes virtually surrounded
by contrast (the so-called ball-in-cup appearance, Fig. 30.109) and
may slough into the pelvicalyceal system, pass into the ureter and

Fig. 30.111 Retrograde
ureterogram showing a
sloughed fragment of a
l arge renal cell carcinoma
seen lying within the ureter
and causing obstruction
above it.

Fig. 30.108 Early papillary necrosis with erosions around the margins of
some of the papillae.
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of inflammatory debris, viscid pus and pathogens in varying pro-

portion. They may be fungal in origin (usually Candida or

Aspergillus spp) and associated with diabetes or other impaired

i mmune state, or due to pyogenic bacteria.
Air bubbles may appear as well-defined mobile low-density

filling defects on IVU, retrograde and antegrade pyelography and
CT. They may be associated with urinary diversions such as con-
duits, instrumentation, gastrointestinal or cutaneous fistulas or

infection with gas-producing organisms. The latter again are associ-
ated with diabetes and most commonly involve E. coli, Proteus,

Klebsiella or yeasts.
Finally, it is worth reiterating that a polypoidal tumour of the

ureteric wall will appear as a filling defect on IVU and retrograde
pyelography. CT will differentiate it from a calculus because calculi
essentially always appear radiopaque on CT and a lesion within the
ureteric lumen that contains calcium is virtually always a calculus.
rarely a calcified sloughed papilla and very rarely a tumour.

Other diseases of the ureteric wall may also demonstrate an exo-
phytic pattern and appear as ureteric defects. They include oedema
(for example, postinstrumentation or passage of calculus),
pyeloureteritis cystica, leucoplakia, malacoplakia, endometriosis
and schistosomiasis. An extrinsic prominent vessel (normal variant,
collateral arteries or veins) may focally indent the ureter and appear
as a well-defined filling defect.

Mural lesions
These lesions are connected to the ureteric wall. Some authorities
differentiate between mucosal lesions that have acute angles at their
margins with the wall and submucosal/intramural lesions that have
obtuse angles. This may have some usefulness in stereotypical
cases.

Ureteric tumours Ureteric tumours are uncommon, around 90%
being transitional cell carcinoma; 5-10% are squamous cell carci-
nomas. Adenocarcinoma, sarcoma and metastases are rare.

Transitional cell carcinomas classically appear in middle-aged or
elderly adults and present as frank or microscopic haematuria, or
occasionally loin pain due to clot colic or ureteric obstruction.
Transitional cell carcinomas are multifocal in up to 20% and
metachronous tumours in a further 20%, the additional tumours
usually developing within the ipsilateral collecting system and the
bladder. There is an increased risk of developing these tumours
with smoking, analgesic abuse, chemotherapy (especially cyclo-
phosphamide), marrow transplantation and the rare condition of

Balkan nephropathy.
Approximately two-thirds of ureteric transitional cell carcinomas

are papillary with a polypoidal configuration and are characteris-
tically seen as radiolucent intraluminal filling defects, often irregu-

l ar, with dilatation of the ureter above. When small, the lesion is
often subtle and signs may appear on only one film of an IVU series
(Fig. 30.1 12). As the tumour enlarges there may be some dilatation
of the ureter below it as a result of chronic intussusception induced
by ureteric peristalsis. One-third of transitional cell carcinomas are

i nfiltrating and produce stricturing, often irregular. Patients with
haematuria will often be investigated with ultrasound but this is
usually normal until the tumour is large enough to cause a degree of
hydroureter and hydronephrosis. Therefore patients with persistent
unexplained haematuria should he investigated with IVU and, if
this is equivocal, retrograde pyelography. CT or MRI will demon-

Fig. 30.112 IVU showing an irregular filling defect in the distal right
ureter (A). This is better seen on the retrograde study (B).

strate soft-tissue extension out of the ureter into the retroperitoneum
i n advanced tumours.

Oedema Mucosal oedema may be associated with recent passage
of a calculus or instrumentation. It may have the configuration of
an annular, plaque-like or linear filling defect. The diagnosis is
usually obvious from the history and its resolution over days or
weeks after the initial presentation.

Leucoplakia This is a premalignant metaplasia of the urothelium
which appears secondary to chronic irritation such as calculi,
chronic urinary tract infection or schistosomiasis. It produces
multiple flat plaques and is associated with squamous cell car-
cinoma in surrounding areas or developing subsequently. It is
most often found in the bladder but occasionally in the ureter or
pelvicalyceal system.

Pyeloureteritis cystica This is a relatively common condition in

which multiple well-defined, rounded sterile submucosal fluid
collections a couple of millimeters in diameter form in the ureter
and renal pelvis. The condition is related to chronic urinary tract
i nfection.

Intramural haemorrhage This is associated with abnormal

coagulation, for example overzealous warfarinisation. It is usually
associated with haematuria.

Malacoplakia This rare condition is also associated with chronic
urinary tract infection. It consists of intramural plaques of defect-

ive macrophages and incompletely phagocytosed E. co/i. It is
benign and not premalignant. It may affect the bladder, the ureter,

the pelvicalyceal system and the renal parenchyma. It resolves
after treatment of the initiating urinary tract infection. It is

thought it may represent a mild form of chronic granulomatous
disease in which there is more severe defective macrophage

phagocytosis.



Fig. 30.113 Full l ength film from an I VU showing an abrupt smooth
stricture in the distal ureter due to endometriosis.

Fig. 30.114 Short tight stricture in the distal left ureter due to involve-
ment in a previous diverticular abscess.

Acutely the mucosa is swollen and scalloped and CT may demon-
strate thickening of the wall. It is more commonly seen sub-
acutely or chronically when an established fibrous stricture has
developed. Postradiation stricturing is thought to be a particular
variant of ischaemic stricturing. Characteristically it appears as a
smooth abruptly narrowed segment that develops at least 1 year
after radiotherapy.

Direct trauma to the ureter is an important cause of stricturing
and is usually due to radical pelvic surgery. It may be associated
with fistulas, particularly into the vaginal stump following hysterec-
tomy. In the absence of a fistula it often leads to hydronephrosis
and may result in insidious loss of the kidney, as the pain of the
obstruction is obscured by postoperative pain. Other traumatic
causes include difficult passage of ureteric calculi and/or ureteric
instrunicntation.

Extrinsic lesions
Purely extrinsic lesions are described as producing smooth ureteric
narrowing with obtuse angles and ureteric deviation. Hypertrophic
ureteric and other retroperitoneal arteries may cause notching of the
ureters and develop in a number of conditions, including renal
artery stenosis, hypervascular renal tumours, arteriovenous mal-
formations and occlusive aortoiliac disease. Enlarged gonadal veins
may also cause notching and have been reported with male or
female varices, ovarian vein syndrome, gonadal thrombophlebitis
and iliac venous occlusion.

A wide variety of retroperitoneal and pelvic mass lesions may
i mpinge on the ureters, with the potential for displacement and
obstruction. Aneurysms of the abdominal aorta characteristically
deviate the upper two-thirds of the left ureter laterally. They are
usually visible on plain films as a soft-tissue mass with linear wall
calcification. Common iliac artery aneurysms have a similar
appearance in the pelvis and may displace either ureter.

Hydronephrosis and hydroureters due to tumours that originate
outside the ureter are frequently encountered. These commonly

Tuberculosis In the ureter this develops as a result of descending
i nfection from renal tuberculosis. The characteristic features are
seen on IVU and include ulceration in the early stages, followed
by multifocal stricturing and calcification with hydroureter and
hydronephrosis. The ureter may also shorten and straighten
(pipestem ureter).

Sehistosomiasis This condition involves the ureter in around one-
third of cases. The distal ureter is particularly involved. In the
early stages of the disease inflammatory polyps are common and
may appear as filling defects. Later, multifocal strictures develop
with proximal ureteric dilatation and hydronephrosis. Linear
calcification may be seen in the ureteric wall.

Endometriosis Up to 1 0% of patients with endometriosis have
urinary tract involvement due to endometrial tissue deposits over
the bladder or retroperitoneally. Many of these lesions, par-
ticularly related to the bladder serosa, are clinically insignificant.
Ureteric involvement can, however, lead to stricturing and
obstruction. It is bilateral in 10%. Ureteric obstruction may be
i nsidious but often presents with flank pain, which is cyclical,
usually associated with other symptoms of endometriosis such as
dyspareunia and dysmenorrhoea. IVU or retrograde pyelography
shows a short smooth abruptly tapered stricture, usually in the
distal third of the ureter, classically at the level of the uterosacral
ligaments, which may be associated with some medial angulation
of the ureter (Fig. 30.1 13).

Ureteric narrowing Many of the important causes of ureteric
narrowing have been described above. They include ureteric and
extrinsic tumours, endometriosis and inflammatory lesions (tuber-
culosis and schistosomiasis). Extrinsic inflammatory lesions, such
as Crohn's disease and appendix or diverticular abscess, may lead
to ureteric stricturing (Fig. 30.114). Ischaemic change in the
ureteric wall is an important occasional cause of ureteric narrow-
i ng that is usually seen following aortic or radical pelvic surgery.
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Fig. 30.116 Retroperitoneal fibrosis on IVU. There is marked abrupt
deviation of both upper ureters with a right-sided hydronephrosis.

abscess, urinoma, diverticulitis, appendicitis, Crohn's disease and
drugs (ergot alkaloids, hydralazine).

The disease process starts just lateral to the aorta and therefore
affects the left ureter before the right. It spreads into the pericaval
and intcraortocaval area. It occurs anywhere from the pelviureteric
junction to the bladder but most commonly L3-L5. It is a slow
process which encases the ureter and causes loss of peristalsis.
There is rarely ureteric wall invasion. The mucosa is always spared.
Consequently there is an insidious onset of obstructive symptoms
with demonstrable hydronephrosis, considerably milder than the
effect on renal function. Stems characteristically pass easily retro-
gradely (due to the absence of peristalsis and the ureters being fixed
open by the process).

I VU shows variable medial deviation of the ureters (Fig. 30.1 16).
I n around half the cases the ureters are not significantly deviated. In
the remainder of cases there is variable deviation, most often
between the third and fifth lumbar vertebrae. Deviation is often
asymmetrical and is unilateral in up to 25%.

CT and MRI demonstrate a smooth sheet of tissue around and
over the aorta and inferior vena cava. It rarely extends between the

Fig. 30.117 CT demonstration of retroperitoneal fibrosis with classical
appearance of the aorta as if taped down by a sheet of tissue.

Fig. 30.115 Bilateral medial deviation of the lower ureters due to physio-
logical psoas muscle hypertrophy.

i nclude gynaecological malignancies, lower urinary tract malignan-
cies (carcinoma of the bladder or prostate) and anorectal cancers
that directly involve the ureters, often bilaterally, with the produc-
tion of obstructive renal failure. All of these may also provoke
ureteric obstruction due to iliac and/or para-aortic/paracaval lymph
node metastases, as may a variety of other malignancies including
l ymphoma and malignant teratoma.

Pathological causes of ureteric displacement should not be con-
fused with bilateral medial deviation of the mid ureters in fit young
males due to physiological psoas muscle hypertrophy (Fig. 30.1 15).
There is often associated iliacus and obturator internis hypertrophy
with inferomedial deviation of the distal ureters. Another benign
cause of bilateral medial ureteric deviation is pelvic lipomatosis.
This uncommon idiopathic condition is seen in overweight middle-
aged men and is due to proliferation of fat within the pelvis. It may
be asymptomatic or associated with lower tract symptoms such as

dysuria or mild bladder outflow obstruction, which may progress to
bilateral hydronephrosis and bladder compression (becoming pear-

shaped). On plain radiographs (and more sensitively on CT) excess
fat can be identified in the pelvis. Both IVU and CT show medial
displacement of the distal ureters and upward displacement of the
bladder, which appears laterally compressed (pear-shaped). Ultra-
sound demonstrates extensive echogenic perivesical fat. Severe
cases may be associated with hydronephrosis and rectosigmoid
obstruction.

Retroperitoneal fibrosis This is an uncommon condition in
which fibrosis and chronic inflammatory cells infiltrate the
retroperitoneal tissues. At least half of cases are idiopathic,
although these may he associated with autoimmune conditions
such as inflammatory bowel disease, sclerosing cholangitis and
fibrosing mediastinitis. Retroperitoneal fibrosis may develop
secondary to inflammatory aortic aneurysm, vascular grafts,
retroperitoneal metastases (usually from lymphoma, carcinoma of
the breast and colon and carcinoid), retroperitoneal haemorrhage,



Fig. 30.119 IVU showing the characteristic lateral displacement of the
ureter following surgery for retroperitoneal fibrosis (only the right side has
been operated on, as the left kidney was already severely damaged).

Carl Roobottom

Renal transplantation only became practical in the 1960s with the
ability to perform tissue typing and the introduction of effective
immunosuppressants. Since this time renal transplantation has
established itself as the treatment of choice for the majority of
patients with end-stage renal failure. Compared to dialysis it is
more cost-effective, produces better survival and allows a more
normal lifestyle.

Transplantation is achievable both with cadaveric or living
related donor transplants. The latter afford greater graft survival
(90% 2 year survival), less recipient morbidity and optimal timing
for surgery, and are therefore the preferred option. Living donors

Fig. 30.118 CT of malignant para-aortic and paracaval lymphadeno- must he assured of normal/near normal renal function following
pathy causing ureteric obstruction. Note the anterior displacement of the nephrectomy. Detailed assessment of both kidneys is therefore
aorta off the spine. required to demonstrate two good kidneys and variations in normal

vascular and collecting system anatomy. Previously this required a
combination of ultrasound, IVU and arteriography. This, however,
can now all be assessed via spiral CT, including arterial phase
i mages to demonstrate arterial anatomy. followed by a single
IVU film after CT to demonstrate the collecting system anatomy
(Fig. 30.120). Donors are also screened for a variety of infections
but the search for occult malignancy is usually confined in imaging
terms to chest radiography.

For a great number of patients cadaveric transplants remain the
only option for transplantation. Although results are not as good as
related donor transplantation, 5 year graft survival in excess of 65%
i s achievable with good perioperative care and follow-up.

Renal transplant surgery
Understanding of the surgery performed is essential for accurate
radiological evaluation. In adults and large children the donor
kidney is placed extraperitoneally in the iliac fossa. Following dis-
section of the native vessels and lymphatics, the renal artery is
usually anastomosed end-to-end to the internal iliac artery or via an
end-to-side anastomosis of an aortic patch on to the external iliac in
cadaveric transplants. An end-to-side venous anastomosis is per-
formed with the iliac vein, and the urinary tract reconstruction is
usually by an antireflux ureteroneocystotomy, either with or without
separate cystotomy. Ureter length is kept short as the donor ureter
has to receive all of its blood supply via the donor hilar vessels (the

aorta and the vertebrae, so the aorta has a taped-down appearance
(Fig. 30.117). If the aorta is encased with soft-tissue material and
displaced anteriorly off the spinal column, this suggests lymphoma
or other widespread malignancy (Fig. 30.118). Image-guided
biopsy (usually CT) should allow differentiation between benign
and malignant retroperitoneal fibrosis.

Surgical treatment may involve freeing the ureter and positioning
it markedly lateral within the abdomen, giving a characteristic post-
operative appearance on IVU (Fig. 30.1 19).

Ureteric deviation Medial deviation of the ureter may be due to
retropcritoneal fibrosis or tumours; in the upper abdomen these

may arise from the lower pole of the kidney or the retroperi-
toneum, and in the pelvis from the iliac lymph nodes or the pelvic
walls. Benign causes of medial deviation include iliopsoas hyper-
trophy and pelvic lipomatosis. Iliac artery aneurysms may also
sometimes medially deviate the ureter. Following AP resection of
rectal tumours the ureters are seen to lie medially and have a more
directly inferior running course than normal. The cause is usually

obvious in view of the low pelvic surgical clips and the history.
On the right a retrocaval ureter may show an abrupt medial turn.

Ureters may take an unusually lateral course as part of renal mal-
rotation or a horsehoc kidney. They may be displaced laterally by
tumours, most frequently para-aortic/paraval lymphadenopathy.
They may be deliberately displaced by surgery, classically for
retroperitoneal fibrosis.

Ureters may also be displaced, often with part of the bladder, into
femoral or inguinal hernias, where they may be at risk of surgical
trauma during herniorrhaphy. Occasionally a short segment of distal
ureter herniates into the sciatic notch. In all these hernias the ureter
may become obstructed, but does not usually do so.
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Fig. 30.120 (A) Surface-shaded 3D reconstruction of a spiral CT of the left kidney demonstrating renal morphology and vascular anatomy. The cortical
defect seen caudally represented a renal cyst on axial images. Note the mild renal artery stenosis, which was confirmed angiographically (B).

remainder, out of necessity, are dissected away at the time of imaging and renal biopsy. Treatable causes must be excluded before
harvest-placing the more distal ureter at risk of ischaemic graft failure is attributed to rejection or acute tubular necrosis, and
damage). Variations of normal anatomy present technical problems ultrasound, with colour flow and duplex Doppler imaging, is central
to the surgeon and arc therefore associated with an increased coin- i n the diagnosis and sometimes treatment of graft failure.
plication rate. All the sites of anastomosis and potential sources of
problems are shown in Figure 3°.121. Immediate graft dysfunction
Early post-transplant Renal transplant recipients are immunosup-

pressed and have undergone major Surgery; the are therefore sus- When a renal transplant functions immediately or soon after
°

y

surgery, obligate diuresis is usually seen and requires careful fluid
ceptible to the usual postoperative risks, such as infection and deep

vein thrombosis. The greatest risk, however, is early graft failure. balance management In a significant percentage of patients,

Graft dysfunction is common with oliguria, occurring in nearly half however, there is no immediate function. Causes can broadly he

of cadaveric transplant recipients. Clinical symptoms are often non- divided into mechanical and non-mechanical causes. This division

specific and the causes of failure are multiple and must be diagnosed is a useful one, as non-mechanical causes are either untreatable or

early if they are to be reversed. This is best achieved by a routine treated by supportive means, whereas mechanical causes require

policy of clinical surveillance and laboratory tests combined with prompt diagnosis and often immediate intervention.

Non-mechanical causes of graft dysfunction

Acute tubular necrosis Acute tubular necrosis (ATN) presents
with anuria immediately or within the first few days post-
transplant after an initial diuresis. Patients remain constitutionally
well and urine sodium is usually high. ATN is the result of graft
ischaemia and is therefore dependent on donor comorbid factors,
the preservation technique used and the ischaemic time of the
graft. It is almost exclusively seen in cadavaric transplants and is

more frequent with difficult operations.
The main role of imaging is the exclusion of treatable causes.

Ultrasound in ATN may show graft enlargement, most frequently
with preservation of corticomedullary differentiation. Doppler
studies usually show normal perfusion but in severe cases there is

reduced perfusion globally. The duplex is either normal or shows
reduced diastolic flow with an associated increase in resistive index
(RI) and pulsatility index (PI). Appearances may overlap rejection
and cyclosporin toxicity so biopsy is the most definitive investiga-
tion. Renal scintigraphy, which is now only infrequently used,
usually shows normal or slightly decreased transplant perfusion,

although again appearances may overlap with acute rejection.

Dead donor kidney This represents the extreme end of graft
ischaemia and is therefore dependent upon donor factors, preser-
vation and ischaemic times, as with ATN. Imaging is used to

exclude treatable causes. All forms of imaging (nuclear medicine,



984 A TEXTBOOK OF RADIOLOGY AND IMAGING

angiography or Doppler imaging) show a global reduction in
renal blood flow.

Acute rejection There are three forms of acute rejection.
Hyperacute rejection is secondary to circulating antibodies present
in the recipient at the time of transplantation. This causes immediate
graft failure, with arterial thrombosis and cortical necrosis. It is
usually evident at the time of surgery. It is now only rarely seen
due to comprehensive immunological testing. Imaging plays
no part in its management. It is treated by surgical excision of the
graft.

Accelerated acute rejection is a combination of antibody and
cell-mediated rejection that occurs within the first few days of
transplantation. Imaging features overlap those of acute rejection
(see below); however, prognosis for the graft is worse and rejection
is frequently irreversible.

Acute rejection is mediated through cellular immunity. Although
i t can occur at any time, it is most frequent in the first 2 weeks post-
surgery and is characterised by a sudden decline in graft function.
This is usually associated with systemic symptoms of pyrexia and
hypertension, with accompanying graft tenderness and enlargement.
Oliguria is frequently accompanied by reduction in urinary sodium
(cp-ATN). Although this is the most common cause of early graft
failure, diagnosis must be assumed only after all treatable causes
have been eliminated.

Ultrasound is the most useful investigation. Real-time imaging
demonst ates swelling of the transplant with decreased echogenicity
of the renal sinus fat and increased reflectivity of the cortex, pro-
ducing conspicuous pyramids. Colour and power flow Doppler
demonstrate reduction in perfusion of the cortex. Duplex is particu-
l arly useful and shows either reduced diastolic flow or flow reversal
(Fig. 30.125). This gives a consequent increase in both the RI and Fig. 30.122 Mechanical causes of renal failure.
PI. If the RI is greater than 0.8 and the P1 greater than 1.6, these are
strongly suggestive of acute rejection. can be due either to technical problems or to acute rejection.

Renal scintigraphy is an alternative imaging modality. Serial Diannosis is usually made by colour/power Doppler imaging
examinations show perfusion initially to be normal but subsequent where there is global or segmental absence of' perfusion.
examinations will demonstrate decreasing renal perfusion with a Confirmation has traditionally been with angiography but multi-
prolonged excretory phase and a poor inhomogeneous nephrogram. slice spiral CT angiography is less invasive and quicker. Rapid
Angiography has been used and demonstrates prolonged arterial diagnosis is the only potential chance of saving the graft with
opacification with multiple stenoses and occlusions but is rarely complete occlusions but is rarely successful.
required. Renal artery stenosis may occur at the anastomosis or within the

g

Ciclosporin nephrotoxicity Ciclosporin is a major advance in graft and usually presents as a delayed cause of graft failure or

i mmunosuppression in renal transplantation. Unfortunately, hypertension. If stenoses are significant and are associated with

nephrotoxicity is a major side-effect and, as an early cause of hypertension or graft failure, they should he treated with renal

raft dysfunction, has to be differentiated from ATN and acute artery stenting. If a renal artery stenosis presents in the early post-

rejection. It typically occurs with elevated serum levels, but as operative phase it is secondary to anastomotic problems at surgery

ciclosporin requirements vary widely between patients, levels and requires surgical correction (Fig. 30.123).

serve only as a rough guide. There are no specific features either Other vascular problems Pseudoaneurysms, either due to percu-
on imaging or biopsy. t aneous biopsy or faulty surgical technique, do occur and are

picked up on colour Doppler imaging, where mixed arterial and

Mechanical causes of graft failure
venous pulsations are demonstrable within the mass. The majority
spontaneously regress and are not a cause for graft failure.

These can broadly be divided into vascular complications and Arteriovenous fistulas have the same aetiology. Duplex demon-
obstructive complications (Fig. 30.122). strafes a high-velocity, low-resistance feeding artery on colour

Vascular
flow imaging. They may present with haematuria and are treated

complications Early vascular complications are
by embolisation if felt to be a cause of raft failure (Fig. 30.124).

uncommon. Complete occlusion of the main renal artery is a rare
cause of immediate anuria. It is usually observed when the anas- Renal vein thrombosis This may be secondary to technical prob-

tomosis was technically difficult, usually because of multiple l ens at the time of surgery, compression by adjacent collections,
renal arteries. Segmental artery infarction is more common and or secondary to the very slow flow associated with acute rejection.
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this should be drained in the first instance. There should, how-
ever, be a low threshold for performing nephrostomy as there
is a significant risk of rupture of the surgical ureteral anasto-
moses.

Early ureteral stenoscs may occur. The majority are due to
ureteral ischaemia with or without necrosis. They are therefore
usually found at the ureterovesical anastomosis and require surgical

treatment. More typically, stenosis occurs weeks or months after
transplantation and can be secondary to ischaemia, injection or
rejection. Treatment and diagnosis are as for early obstruction.

Fluid collections Fluid collections are common, occurring in
nearly half the patients after surgery. The majority of fluid collec-
tions after transplant are, however, incidental findings on baseline
ultrasound and require no intervention. When fluid collections are
l arge, associated with increasing dilatation of the collecting

Fig. 30.123 Duplex demon-
strates an increased and to bu-
lent flow at the origin of the
renal artery (A) with associated
damped flow at segmental level
(B) indicating renal artery steno-
sis. This occurred early post-
transplant and was secondary to
anastomotic stricture confirmed
at angiography (C).

Clinical presentation is usually with an abrupt onset of renal dys-
function associated with pain over the graft and associated
hacmaturia. Diagnosis can be made on duplex imaging. The graft
appears very enlarged with loss of corticomedullary differentia-
tion and suhcapsular fluid collections. Colour flow imaging shows

diminished cortical perfusion, absent venous flow and a duplex
signal denmonstrating a U-shaped pattern with reversal of diastolic
arterial flow (Fig. 30.125).

Urinary obstruction Ureteral obstruction in the immediate post-
operative period is due to unsuspected donor calculus, technical
error, oedema, blood clot or perigraft fluid collection. A diagnosis
of obstruction should be suggested by the demonstration of an
i ncreasing hydronephrosis on serial ultrasound scanning. A mild
degree of dilatation of the renal pelvis is common and is probably
due to denervation or vesicoureteric reflux, so a diagnosis cannot
always be made on the initial scan. Serial scanning will, however,
show progressive dilatation. If there is any uncertainty, a percuta-
neous nephrostogram can confirm the diagnosis and be followed
by a nephrostomy if indicated. The most frequent cause is the
presence of clots within the urinary tract, and bladder irrigation
via the catheter should be performed before nephrostomy is con-
sidered. If the obstruction appears to be secondary to a collection,

Fig. 30.124 (A) Selective angiography of the renal transplant demon-
strates early iliac vein filling due to an arteriovenous fistula in the lower
pole. (B) Supraselective embolisation with coils has occluded the arteriove-
nous fistula with very little infarction of renal cortex.
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Fig. 30.125 (A) Duplex demonstrates complete reversal of flow in this patient with
renal vein thrombosis. Similar appearances can be seen with severe graft rejection.
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system or unexplained decline in renal function, ultrasound-
guided aspiration is required. Simple drainage is all that is necess-
ary unless frank pus is aspirated, when a drain should be inserted.
The fluid should be sent for analysis to ascertain whether it is
blood, urine, serum, lymph or pus. Recurrent collections, particu-
l arly abscess or lymphocele, usually require surgical intervention.
Urinary extravasation in the presence of hydronephrosis or graft
dysfunction requires further investigation to delineate the site of
leak with contrast studies. Intravenous urography (if renal func-

tion allows) or retrograde cystography are the first-line investiga-
tions. If these are negative, percutaneous antegrade pyelography is
performed to demonstrate the site of extravasation, either com-
bined with nephrostomy or stent placement. Some leaks at the
ureteroneocystotomy site may be managed by simple catheter
drainage; however, open repair is frequently necessary. Haema-
tornas are common and, unless causing graft compromise or
increasing in size, are treated conservatively.

Lymphoceles can sometimes be problematical and recurrent. While
these can he treated with percutaneous drainage, surgical fenestration
i nto the peritoneal cavity is the most effective treatment.
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of the umbilicus. It closes around the middle of the second trimester,
becoming the fibrous median umbilical ligament. It lies extraperi-
toneally between the transversalis fascia anteriorly and the peri-
toneum posteriorly. Varying degrees of failure of closure and
obliteration of the urachus have been observed They may be classi-
fied into four types: patent urachus (50 1/ ). umbilical-urachal sinus
(15%), vesicourachal diverticulum (5%) and urachal cyst (30%).

Urachal remnants are usually lined with transitional cell epithelium,
although up to one-third show columnar metaplasia. Patent urachus
presents at an early age with urine leakage at the umbilicus. It is easily
demonstrated with sinography or cystography. It may also be demon-
strated as a fluid-filled tubular structure on ultrasound. CT or MRI. It

Fig. 31.1 Full-length film from an IVU series on a patient with bladder
extrophy treated with ureterosigmoidostomies. There is characteristic sepa-
ration of the symphysis pubis. The ureters have been anastamosed to the
sigmoid colon close to the midline. Reflux has predisposed to dilatation of
the distal ureters (black arrows) and the left kidney shows changes of
chronic pyelonephritis with cortical loss and calyceal clubbing. Contrast-
opacified urine has drained into the sigmoid colon and passed forwards
into the rectum and retrogradely into the descending colon (white arrows).
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Agenesis Bladder agenesis is extremely rare and generally asso-
ciated with urethral agenesis. There is usually marked upper tract
dilatation and renal dysplasia.

Bladder duplication This is also rare and may be associated with
urethral duplication. Each bladder receives the drainage from the
ureter on that side. There are usually other associated anomalies
of the genitourinary and/or gastrointestinal tract. In incomplete
duplication the two moieties are fused caudally, there is only one
urethra and associated anomalies are less common. Variations
i nclude partial or complete division of the bladder by a septum,
which may be sagittal or transverse (hourglass bladder).

Bladder extrophy This is a rare condition in which the bladder is
open anteriorly. It varies in severity from a small opening in the
anterior abdominal wall to complete absence of the anterior bladder
wall and overlying abdominal wall, which may be associated with
exposure of bowel loops. There is usually separation of the sym-
physis pubis and there may be associated spinal and anorectal
anomalies but with normal upper urinary tracts. There is a male to
female predilection of 3:1 and a strong association with epispadias.

Traditional treatment was implantation of the ureters into the
sigmoid (ureterosigmoidostomy; Fig. 31.1) but this has been aban-

doned due to the high rate of complications of this procedure (infec-
tion, chronic pyelonephritis with progressive renal damage,
adenocarcinoma at the anastamotic site and hyperchoraemic acido-

sis). Where bladder reconstruction is not possible a continent reser-
voir such as a Mitrofanoff procedure is performed, which preserves
renal function. Although these procedures avoid anastamotic/colonic
neoplasia there remains a high risk of carcinoma (usually adenocar-
cinoma) developing in the bladder or bladder remnant, which may
be as high as 700 times the normal expected rate.

Urachal anomalies The fetal bladder tapers superiorly into the
urachus. which in turn communicates with the allantois at the level



Fig. 31.3 Longitudinal (A) and transverse (B) ultrasound showing a urachal cyst as a thin-walled cylindrical echo-free area (arrow). The CT (C) demonstrates
analagous features with a small area of calcification.

Fig. 31.4 MRI scan (transverse T 2 - weighted images) showing a small left
paraureteric congenital bladder diverticulum (arrows).

i s deficient and the bladder is dilated and contracts poorly
(Fig. 31.2). It is further described in Chapter 30.

Fig. 31.2 Cystogram on an infant with prune-belly syndrome. There is a
Diverticula These are usually acquired (described below) but are

typical capacious flaccid bladder and absence of the prostate. A urachal
occasionally congenital. In both cases they have no muscle in the

diverticulum is demonstrated anteriorly (arrow). wall, increase in size during bladder emptying and may become
l arge. Congenital diverticula arc usually narrow necked and origi-

is often associated with lower urinary tract anomalies such as poste- nate just posterolateral to the ureteric orifice (paraureteric diver-
rior urethral valves, urethral atresia or diverticula. ticula; Fig. 3I .4). They may be asymptomatic or present with

The other anomalies are usually asymptomatic but may present at urinary tract infections. Occasionally they are large enough to
any age with infection. On rare occasions they are the origin of obstruct the urethra or the meter.
urachal carcinoma. Umbilicourachal sinus (urachus patent at the

Prostatic cysts and adnexal cysts The commonest cystic lesions
umbilicus but not at the bladder) may present with infection and/or

of the prostate are aquired in association with benign prostatic
periodic discharge. Sinography shows a blind-ending sinus and this

hyperplasia and are located in the central gland. Occasionally,
also may be seen as a fluid-filled tubular structure on cross-
sectional imaging

acquired isolated prostatic retention cysts are seen within any area
.

of the eland. Acquired ejaculatory duct cysts re also seen within
Vesicourachal diverticulum (5% • of urachal anomalies) is most y

often diagnosed incidentally on CT or ultrasound performed for
prostatic tissue at or close to the midline. They may be associated
with calculi and ipsilateral seminal vesicle obstruction.

some other condition. It sometimes presents with urinary tract
Congenital cysts of this area are uncommon but may be associ-

i nfection and there is a strong association with bladder outflow
obstruction and prune-belly syndrome (Fig. 31.2). It may p,-e-

ated with infertility and/or other urinary tract anomalies. Congenital

dispose to calculus formation.
prostatic cysts may lie anywhere within the prostate but are often

Urachal cyst i s most often seen in the lower third of the urachal
l aterally placed. Utricular cysts originate from the verumontanum
as a result of utricular dilatation. They lie close to the midline

track. It is usually small but may enlarge and present as an abdominal
within the prostate and may he associated with hypospadias and

mass. The commonest presentation is when supervening infection
cryptorchidism. Cysts may also originate from mullerian duct

occurs. Characteristic appearances of a cyst are seen on ultrasound,
remnants. They lie adjacent to the prostate and may become large

CT or MRI, sometimes with delicate peripheral calcification (Fig.
31.3). Debris and increased echogenicity (or density) is seen in the

enough to impinge on the trigone and vesicoureteric junction. They

presence of infection, often with wall thickening.
may contain calculi and may be associated with ipsilateral renal
agenesis. Seminal vesicle cysts (Fig. 31.5) may also he associated

Prune-belly syndrome This is a syndrome of variable severity in with ipsilateral urinary tract anomalies, including renal agenesis.
which the anterior abdominal musculature is deficient. The Upper They may be associated with calculi, infection (epididymitis) and
tracts are dilated, with dysplastic kidneys. Classically the prostate occasionally extremely large size with mass effect.
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Emphysematous cystitis This rare condition is associated with
diabetes mellitus and is usually due to E. coli (sometimes aero-

genes or Candida sp., when there may be an associated fungus
ball within the bladder). Mural and sometimes luminal gas devel-
ops; this appears linear or multicystic on imaging. Gas may
ascend into the ureters and pelvicalyceal systems.

Viral infection This is most often due to adenovirus 1 1 in child-
hood and influenza A in adults. It may be quite aggressive,
leading to haematuria, dysuria and reduced bladder capacity, with
multiple small polypoidal lesions of the mucosa visible on ultra-

Fig. 31.5 Transverse image from a transrectal ultrasound examination sound or contrast examinations.
showing a normal left seminal vesicle and a large right seminal vesicle cyst.

Malakoplakia Malakoplakia is thought to be a mild form of
chronic granulomatous disease (a defect of cell-mediated immu-
nity) in which there is defective lysosome function leading to a

Acute bacterial cystitis Acute bacterial cystitis is extremely
chronic ineffective response to urinary tract infections. It may

common and usually associated with Gram-negative coliforms,
affect any part of the urinary tract. It produces 5 10 min diameter

particularly Escherichia coli, Klebsiella and Pseudomonas
sessile plaques, particularly on the bladder base and in the lower

species. It is seen most frequently in young and middle-aged adult
ureters, where they may provoke stricturing.

females and may be associated with sexual activity. In these Focal cystitis Focal cystitis may develop in response to chronic
patients there is almost always a normal urinary tract, and i rritation, for example by a calculus, catheter or other foreign

i nvestigation of the first episode of infection is unnecessary unless body or in association with paravesical disease, particularly diver-
there are complicating features (childhood infection suggesting ticulitis, pelvic abscess and Crohn's disease. The resultant
reflux nephropathy, associated pyelonephritis or analgesic abuse, l ocalised mural swelling may simulate a carcinoma (Fig. 31.7).
unusual or persistent infecting organism etc). It is relatively

i n males of this age but is often seen in the older male
Tuberculosis This usually arises due to haematogenous spread

uncommon
from bladder outflow obstruction develops. In these patientsfr om the lungs, rarely from the gastrointestinal tract or skin. It

i nvestigation of the first episode may therefore be appropriate.
represents 10 20% of genitourinary tuberculosis and is virtually

Bacterial cystitis itself usually has no imaging features unless it is
always associated with renal tuberculosis. It produces irregular

severe, when there may he thickening and irregularity or nodular-
mural thickening which subsequently proceeds to fibrosis

ity of the mucosa apparent on IVU or ultrasound due to mucosal
(Fig. 31.8). This results in reduction in the bladder capacity and

oedema. Ultrasound may also show some reduction in echo-
genicity of the mucosa and there may be some echogenic debris
within the lumen of the bladder (Fig. 31.6). In extremely severe
cases the mucosa may appear of reduced density on CT.

Chronic cystitis Chronic cystitis may result in a number of struc-
tural and pathological changes. There may be gross wall thicken-
i ng, reduction in bladder capacity and the development of
vesicoureteric reflux and/or ureteric dilatation. Histologically,
clusters of hyperplastic urothelial cells may develop in the sub-
mucosa. These may progress to central necrosis, giving a pseudo-
cystic appearance (cystitis cystica), which may be associated with
a glandular appearance of the cell clusters (cystitis glandularis).
These conditions may be regarded as a potentially reversible
mucosal instability. An alternative reaction to chronic cystitis is
the development of squamous metaplasia, which may be associ-
ated with white patches (leucoplakia), most commonly seen on
the trigone and bladder base.

Fig. 31.6 Transverse ultrasound Fig. 31.7 Transverse ultrasound image (A) showing gross focal thickening
i mage showing bladder wall thicken- of the right posterolateral bladder wall in a patient with acute Crohn's
i ng and echogenic clumps of disease. Similar features are seen on CT (B), which also shows adherent
i nflammatory debris within the urine swollen small bowel. An enterovesical fistula is present with gas seen in the
i n a patient with severe cystitis. bladder.
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Fig. 31.8 Longitudinal ultrasound of the bladder (A) showing localised wall thickening in tuberculous cystitis (arrowhead) and dilated distal ureter
(arrows). Similar heaped-up appearance of the bladder mucosa is seen on CT (B) around the ureteric orifice. The IVU (C) also demonstrates the localised
bladder wall thickening, narrowing of the ureteric orifice and dilatation of the distal ureter.

they have reached fresh water and infect the intermediate host, a
freshwater snail, which in turn is responsible for the release of the
infective larval stage. There is an acute pyrexial stage and a
chronic stage. In endemic areas the disease is limited to individu-
als who are heavily infected. Although rare in the UK, occasional
cases are seen in immigrants and increasingly in travellers (with
more readily available adventure and Tong-distance holidays),
when the disease is often acute.

I n the bladder wall the eggs provoke oedema and granuloma
formation. At this stage cystography may show flat polypoidal
swellings. Clinical features of the acute stage include malaise. fever
and dysuria. Haematuria may be seen but becomes more of a
feature as the disease progresses. Ultrasound may be normal in
early or mild cases but often shows wall thickening (up to I cm or
more) and single or multiple polypoidal lesions, which may be
sessile or wave-like and may protrude into the lumen of the ureter.
Changes are most marked in the region of the bladder base and
trigone. Later, fibrosis and calcification develops, which appears on
plain films (visible in 50% of patients) and CT as eggshell or linear
areas of calcification in the submucosa of the bladder and the distal
ureters (Fig. 31.9). It may involve the entire bladder, particularly
the base. The calcification is often fairly delicate but may become
dense. In contrast to tuberculosis, bladder capacity and contractility
are surprisingly well preserved.

The condition predisposes to bladder cancer of any histological
sort, particularly squamous cell carcinoma. The development of
tumour may be associated with interruption of the line of bladder
wall calcification.

may obstruct the ureters. Alternatively, traction on the ureteric
orifices may lead to vesicouretcric reflux. Calcification is present
i n approximately 10%, especially where there is extensive tubercu-
l osis throughout the urinary tract. There may be associated prosta-
tic and seminal vesicle calcification.

Sehistosomiasis Schistosomiasis (bilharzia) affects an estimated
200 million people worldwide. Infection is common in the tropics,
particularly subSaharan Africa and the Middle East. This condi-
tion is due to a group of protozoan flukes, of which three species
i n particular affect humans: Schistosoma haematobium, S. mnansoni
and S. japonicum. S. haematobium particularly involves the geni-
tourinary tract. Humans are the definitive host for the parasite and
become infected by exposure to fi -

esh water containing free-swim-
ming schistosome cerceriae, which invade the skin and enter the
venous system. The larvae then migrate through the lungs into the
systemic and subsequently portal circulation, and then into the
veins of the bladder, prostate and lower gastrointestinal tract,
where they mature. The adult female lays her eggs in the bladder
wall. The eggs are released into the urine. The eggs hatch once

Fig. 31.9 Plain film (A) show-
i ng linear calcification along the
bladder wall and distal left ure-
teric walls. CT (B, different pa-
tient) is highly sensitive for the
demonstration of bladder wall
calcification and will also show
the soft-tissue wall thickening
which may be gross and (as
here) associated with rectal
wall thickening. (Courtesy of
Dr Shadley Fataar of the Royal
Hospital, Muscat, Oman.)



Fig. 31.12 Longitudinal ultra-
sound of the bladder showing
gross sacculation, best seen
along the posterior wall, in
a patient with severe long-
standing outflow obstruction.

excess of 15 cm HO). The prostate may be delectably enlarged,
bulging into the bladder base. The distal ureters are often elevated
and there may be some fullness of one or other ureter and some-
ti mes the ipsilateral pelvicalyceal system, presumably related to

bladder wall thickening interfering with efficient drainage through
the intramural ureter (Fig. 31.11 ). In severe outflow obstruction sac-
cules and later diverticula may develop (Fig. 31.12).

Diverticula These are focal herniations of the urothelium and
submucosa through weak sites in the bladder wall. Most are
acquired due to chronic elevation of the intravesical pressure
associated with bladder outflow obstruction or neurogenic
bladder. They are therefore most frequently encountered in male
patients above the age of 60. In the early stages, multiple (some-
times numerous) small protrusions of the bladder lumen appear
between the trabeculae (sacculations). As they enlarge above 2 cm
they become defined as diverticula (Fig. 31.13). Interestingly,
usually only a small number of diverticula develop beyond this
stage, presumably because they act to moderate the intravesical

Trabeculation On contrast films the normal bladder wall has a
somewhat ridged internal aspect when virtually empty, due to the
natural looseness of the mucosa. This pattern may be seen in
exaggerated form even when the bladder is well filled, when the
mucosa is intensely swollen (severe cystitis) or the underlying
detrusor muscle strands are prominent. This latter condition
occurs with bladder outflow obstruction and in the neurogenic
bladder and is currently believed to be connective tissue infiltra-
tion of the muscle rather than hypertrophy. The bladder wall often
appears thickened and its inner aspect shows an undulating or
ridged pattern, features which are well seen on ultrasound
(Fig.31.10). Although bladder wall thickness may be within
normal limits in mild outflow obstruction, it often rises with more

severe and chronic disease. The mean bladder wall thickness on
ultrasound is around 3.3 mm in males and 3.0 mm in females
( maximum 7.6 mm in both). This does not change significantly
with the degree of bladder filling.

The commonest cause of bladder outflow obstruction is benign
prostatic hyperplasia. Other causes include prostatic neoplasia,
bladder neck stenosis and urethral strictures and occasionally
calculi. There is often a substantial postmicturition volume. Uro-
dynamic studies may show high intravesical filling pressure (in
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Fig. 31.10 Longitudinal ul-
trasound of the bladder show-
i ng wall thickening and
trabecuaation (replacement
of normal smooth inner as-
pect by regularly undulating
appearance).

Fig. 31.11 Bladder view from an IVU series in a patient with bladder
outflow obstruction due to prostatic hyperplasia. The bladder is trabecu-
l ated and saccules (arrows) are beginning to develop. The distal ureters are
showing some elevation in association with the prostatic enlargement and
the bladder wall disease has provoked some fullness of the distal left ureter.

The ureters are often involved and may show linear calcification
( 1 5% cases) and multifocal strictures with proximal dilatation. The
distal ureter is affected first, but as the disease progresses the entire
ureter may develop a beaded appearance. Other parts of the lower
genitourinary tract are occasionally affected (urethra, prostate,
vagina, cervix and uterus).

Haemorrhagic cystitis This condition develops following
cyclophosphamide therapy. It may be gross and fulminant and
appear within days. Thrombus is often visible within the lumen of
the bladder and the wall becomes nodular. Later the bladder
becomes contracted. Radiotherapy is well recognised as a cause
of cystitis, which may also become haemorrhagic, sometimes
i ntractably so.

Interstitial cystitis This condition is usually idiopathic but may
he associated with atopy. It is characteristically seen in females
and presents with suprapubic pain, frequency and urgency. It may
appear with a number of autoimmune conditions, including poly-
arteritis nodosa, systemic lupus erythernatosus and rheumatoid
arthritis.

There are no imaging features in the early stages but later on the
bladder becomes contracted and may have a nodular wall.

Encrustation cystitis Inflammatory lesions of the bladder wall
severe enough to cause areas of necrosis may progress to areas of
dystrophic calcification. This is particularly likely to occur when
the urine has been alkalinised by the presence of urea-splitting
organisms, particularly Proteus species, the higher pH predispos-
i ng to the precipitation of calcium. The resultant calcification may
be focal or diffuse, depending on the distribution of the necrosis,
and may be linear, coarse or nodular. It is likely to regress with
resolution of the underlying cystitis. It is rare with straightforward
bacterial cystitis and is more characteristically seen with haemor-
rhagic cystitis.
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Fig. 31.13 Transverse ultra-
sound image of the bladder
showing two posterior-lying
diverticula.

Fig. 31.16 T,-weighted MRI showing a large right-sided bladder carci-
noma (arrowheads) and a small left-sided diverticulum (arrow) containing a
further deposit of carcinoma.

Cystocele This is a condition of abnormal bladder descent with
prolapse into the vagina. Usually the bladder and urethra are
involved but occasionally only the trigone prolapses. Descent of
the bladder and urethra is associated with stress incontinence.
Severe cases may be associated with bladder outflow obstruction
or distal ureteric obstruction. The traditional means of diagnosing
this condition is with the lateral standing cystogram, which is now
performed as part of urodynamic studies. Descent of any part of
the bladder that reaches the inferior pubic rami during straining
i ndicates a cystocele.

Bladder herniation At least 95% of bladder herniation is into the
i nguinal or femoral canals, the former roughly twice as often as the
latter. They are usually small (2-3 cm or so) and therefore asympto-
matic (but vulnerable to damage at herniorrhaphy). They occasion-
ally become big enough to act like a large diverticulum and result in
double micturition, sometimes with the patient actively assisting
emptying by pressing over the hernia. They generally have a narrow
neck and fill poorly on routine contrast images and are therefore
best seen on prone or erect films (Fig. 31.17).

Fistulas Fistulas from the bladder into the gastrointestinal tract
are not uncommon. They are most frequently colovesical- and due
to diverticulitis. Carcinoma of the large bowel (usually of the
rectosigmoid region) is an important cause. Crohn's disease of the
caecum is an occasional cause, carcinoma of the bladder a rare
one. Presentation is with pneumaturia, faecuria and/or urinaryFig. 31.14 Bladder image from an IVU examination showing a large

right-sided diverticulum (A). On the postmicturition film the bladder has
emptied but the narrow necked diverticulum remains contrast filled (B).

Fig. 31.17 Full-length film
showing right-sided inguinal
herniation of the distal right
ureter and part of the bladder.Fig. 31.15 CT scan demonstrating a large right posterolateral diverticulum.

pressure by filling with urine during bladder emptying. This may
lead to the classical symptom of double micturition; when the
patient empties the bladder a significant amount of urine is stored
in the diverticulum, which then empties back into the bladder,
causing a desire to micturate almost immediately after the first
micturition. They are most frequently found close to the ureteric
orifices (Fig. 31.14), and when large may displace both the
bladder and the ureter (usually medially, occasionally laterally).
They may provoke vesicoureteric reflux but rarely obstruct the
ureter. Contrast examinations, ultrasound, CT and MRI will show
a smooth inner wall of the diverticulum, often associated with a
trabeculated bladder. They may become larger than the bladder
itself. They are connected to the bladder by a narrow neck, which
is often remarkably difficult to demonstrate. They frequently lie in
among bowel loops, and preoperative assessment with CT is often
desirable (Fig. 31.15). They are prone to calculus formation,
i nfection and occasionally malignancy (Fig. 31.16).
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tract infections. The fistulous track may be demonstrated with
cystoscopy or contrast studies, usually cystography or double-
contrast barium enema, occasionally IVU. Cystoscopy, cystogra-
phy and IVU may also demonstrate focal bladder wall thickening
and irregularity due to the underlying disease. All these modali-
ties, however, will miss at least 40% of fistulas. This is not neces-
sarily important, as the diagnosis is largely based on the history
and investigations are mainly directed towards diagnosing and
staging the underlying cause. CT is often indicated for these pur-
poses and may show a mass of tumour or inflammatory tissue,
focal wall thickening and air within the bladder (Fig. 31 .7). Gas is Fig. 31.19 Coronal T,-weighted (A) and transverse STIR (B) images from
also seen in the bladder with recent instrumentation or catheteri- an MRI scan of the pelvis of a patient with an extensive pelvic haeman-
sation and infection with gas-forming organisms. These causes gioma in association with Klippel-Trenaunay syndrome. There is a large lob-

are usually easily distinguished clinically. Oral and rectal contrast ulated mass over the dome of the bladder which is continuous with further
dilated vessels running posteriorly in the left hemipelvis and into the left

are useful but intravenous contrast may be confusing and is best buttock.
avoided in the investigation of vesicogastrointestinal fistulas.

Vesicoenteric fistulas are uncommon, usually associated with
Crohn's disease and therefore predominantly right-sided. Small- may be identifiable on plain films due to the presence of phlebo-

bowel follow-through may demonstrate the fistula. liths. On MRI and CT they are seen as serpiginous vascular struc-
Vesicovaginal (Fig. 31.18) (and ureterovaginal) fistulas arc tures in the bladder wall (Fig. 31.19). They may be associated with

usually due to surgery, mostly radical pelvic surgery for gynaeco- Klippel-Trenaunay syndrome, when they may he extensive within

l ogical malignancy. Less commonly they are found spontaneously the pelvis, perineum and leg.

i n association with pelvic malignancy (cervix or bladder) and rarely Epithelial tumours include nephrogenic adenoma and transi-

due to obstetric injury, radiotherapy, long-term catheterisation, tional papilloma. This latter condition is usually a solitary polyp,

tuberculosis or schistosomiasis. Presentation is with continuous around 5-20 mm with a stalk. Histologically it overlaps with low-
i ncontinence. IVU or cystography, ideally with lateral images, grade papillary carcinoma, and 10% ultimately develop into

usually easily make the diagnosis. carcinoma.

Malignant tumours
Bladder neoplasia Bladder cancer i s the commonest malignancy of the urinary

Benign tumours tract and represents roughly 4% of all malignancies; 95% originate

These arc rare and usually mesenchymal in origin. These include from the urothelium and 4% are of non-epithelial origin (leiomyo-

leiomyoma, lipoma, neurogenic tumours (phaeochromocytoma and sarcoma, rhabdomyosarcoma below the age of 6, and lymphoma).

neurofibroma), vascular lesions (haemangioma, lymphangioma), The remaining I % include rarities such as carcinoid and metastases

hamartoma, and a range of fibrous tumours (fibroma, fibrous histio- (especially from stomach and breast, occasionally kidney, melanoma

cytoma, fibromyoma and fibroepithelial polyp). All these tumours or bronchus). Direct involvement of the bladder by cancer in adja-

are generally submucosal and present with mass effect rather than cent pelvic organs (especially rectum, cervix and prostate) is not

haematuria, which is uncommon.
uncommon.

Leiornyoma appears as an isolated well-defined oval or spheri- Urothelial carcinoma particularly affects adults from 50 to 69

cal mural mass up to several centimetres diameter. Haemangiomas years, although it may be encountered as young as the twenties;
95% are transitional cell carcinoma, 4% squamous cell carcinoma
and 1% adenocarcinoma. There is a male to female predominance
of 3:1 and a strong association with smoking, analgesic abuse,
urothelial atypia or dysplasia (for example, cystitis glandularis),
previous radiotherapy and a number of carcinogens, particularly
encountered in rubber workers. Chronic irritation of any sort is
associated with an increased risk of urothelial metaplasia and
malignancy, particularly squamous cell carcinoma. This is seen in
schistosomiasis, recurrent cystitis, especially with calculi, neuro-
genie bladders and long-term catheterisation. Adenocarcinoma is
related particularly to urachal remnants and bladder extrophy.

The vast majority of bladder carcinoma presents with haema-
turia. Initial investigation of the urinary tract is with ultrasound,
I VU or both (depending on local protocol). On ultrasound, super-
ficial bladder tumours may be seen as mass lesions of intermediate
echogenicity (Fig. 31.20). They may be sessile or papillary, the
latter being easier to detect, sometimes down to 2-3 mm diameter.

Fig. 31.18 Cystogram in a patient with gross ureteric reflux and vesico- Tumour may be seen infiltrating the bladder wall and extending
vaginal fistula following previous radiotherapy and pelvic surgery for pelvic through it in advanced cases. There may be echogenic foci on the
malignancy. Arrows indicate contrast within the vagina. tumour surface due to calcific encrustation (Fig. 31.21). Small
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Fig. 31.22 Plain film of the
bladder area showing irregu-
lar calcification over a bladder
carcinoma.

It is important to be clear about the role of imaging in the diagnosis
Fig. 31.20 Longitudinal ultrasound of the bladder showing a polypoidal of bladder cancer. Both IVU and ultrasound will fail to diagnose a
bladder carcinoma (A). Transverse ultrasound of the bladder on a different

substantial proportion of cases (with a detection rate as low as 26%
onpatient (B) showing two sessile deposits of carcinoma.

I VU alone being quoted). All patients with haematuria should there-
fore have cystoscopy. Imaging may demonstrate the bladder tumour
but, more importantly, will diagnose or exclude an alternative cause
for the haematuria in the upper tract (renal cell carcinoma, calculi,
etc.). An important consideration is the potential multiplicity of transi-

Fig. 31.21 Transverse ultra- tional cell carcinoma throughout the urothelium. The development of

sound of a large sessile blad- transitional cell carcinoma indicates potential instability of the entire
der carcinoma with calcific urothelium and both synchronous and metachronous tumours may
encrustation appearing as occur. Ureteric or pelvicalyceal transitional cell carcinoma is present
i ntense superficial echo- 2% in roughly2l0 of patients with bladder cancer at the time of diagnosis.genicity with marked distal
acoustic shadowing. Upper tract transitional cell carcinomas are poorly seen with ultra-

sound and bladder cancer patients should be assessed with IVU (or
retrograde pyelography). Approximately 3-4% of patients with
bladder cancer develop subsequent upper tract transitional cell carci-

tumours are easy to overlook, especially when sessile, arising from noma within 5 years (roughly 60% within 2 years). These are often
the dome or when the bladder is poorly filled. With heavy haema- aggressive and nearly a third may be bilateral. Most are symptomatic
turia, thrombus may be difficult to differentiate from tumour, and imaging may miss early asymptomatic cases. There is therefore
although it should be possible to demonstrate the mobility of the some controversy about the usefulness of yearly 1VU surveillance for
former by changing the patient's position. Calcification in bladder 5 years, which nevertheless remains a standard protocol in many
cancer is visible on plain films in approximately 0.5% of bladder i nstitutions.
cancer, usually transitional or squamous cell carcinoma. It may be Following the diagnosis of bladder cancer, staging is required to
focal, linear, punctate or coarse (Fig. 31.22). On contrast films assist appropriate treatment selection. CT and MRI are the standard
bladder cancer may be seen as irregular filling defects, which may methods and are described below. intravesical ultrasound has been
be associated with focal or asymmetrical wall thickening utilised. Although it can sometimes offer very elegant demonstra-
(Fig. 31.23). Invasive tumours may be associated with ureteric tion of tumour extension through the bladder wall, it is difficult to
obstruction. i nterpret where there is coexistent bladder wall disease, such as

trabeculation or infection, and it cannot stage regional lymph nodes.
It is invasive and has fallen out of favour.

Fig. 31.23 Bladder images from IVU studies. Bladder carcinoma is seen as one or more filling defects with a variety of patterns. (A) A small slightly lobu-
lated left-sided filling defect. (B) Multiple irregular filling defects are seen related to the dome and lateral walls of the bladder with a large basal filling
defect. Bilateral ureteric obstruction is developing, worse on the right where tumour can be seen invading along the distal ureter. (C) Extensive irregular
wall thickening is present, particularly along the bladder base. Lytic bone metastases are seen affecting the medial aspect of the right iliac bone and the
lateral aspect of the left iliac bone (arrows).



offer a clue as to its nature (Fig. 31.24). It may appear as a large

nodular mass that clinically bears some resemblance to a bunch of

grapes (sarcoma botryoides).

Urachel carcinomas are uncommon, accounting for less than

0,5 11( of bladder cancer. They are overwhelmingly adenocarcinoma

(901/() and represent around one-third of all adenocarcinoma of the

bladder. The vast majority arise in the urachus immediately adja-

cent to the bladder vault and extend superiorly in the perivesical

space towards the umbilicus and inferiorly into the bladder.

Classically they present late with local invasion because of their

predominant extravesical and extraperitoneal position and conse-

quently have a poor prognosis. They may present with blood or

mucus in the urine and/or at the umbilicus. The considerable extrav-

esical component and the position in the bladder vault should

suggest the diagnosis of urachal rather than bladder carcinoma

( which is predominantly intravesical and most frequently found on

the posterior or lateral walls of the bladder). A minority of urachal

t umours are found in the mid or superior part of the urachus

t owards the umbilicus, occasionally quite asymmetrically.

Urachal adenocarcinoma is often mutinous and around two-

t hirds show dystrophic calcification, which may be punctate or

curvilinear. Around three-fifths show a substantial low-density

cystic component. The cystic component is often echogenic on

ultrasound because of the high protein content. CT will demonstrate

the cystic and calcific components well, the classical vault location

and the extravesical spread.

Primary lymphoma of the bladder is extremely rare (less than

1 ( of bladder primaries) and usually non-Hodgkin's. It typically

presents with marked haematuria, frequency and dysuria in middle-

aged to elderly female patients. Radiologically the appearances of

t he tumour are non-specific, usually a large lobulated mass or local

wall thickening. There is usually good response to chemotherapy

and radiotherapy. Secondary involvement of the bladder with lym-

phorna is common in advanced disease, being found in up to 1 3%
of postmortem examinations in patients who die of lymphoma

(two-thirds non-Hodgkin's and one-third Hodgkin's lymphomma).

Twenty per cent of rhabdomyosarcoma occurs in the lower

genitourinary tract (bladder, prostate, vagina and paratcsticular

region). There is a hiphasic age distribution with peaks at 2-6 years

and 1 5-19 years. Characteristically the tumours grow rapidly, with

early local invasion and lymphatic and haematogenous spread.

Presentation may he with bladder outflow obstruction or inconti-

nence, haematuria, infection or visible or palpable mass. On

i maging the tumour appears as an infiltrating mass, often of consid-

erable size. This is usually non-specific but the location of the mass

( bladder base and/or lying between lower tract structures, leading to

dilliculty determining from which organ it has originated) may

Fig. 31.24 MRI scan on a young adult female with a bladder base rhab-
domyosarcoma. Colonial postcontrast T 1 -weighted (A) and sagittal T2 _

weighted images (B) show a large heterogeneous mass of tumour invading
the anterior wall of the vagina.

Poorer populations have a lower incidence of upper tract calculi and

a higher incidence of lower tract calculi than richer populations.

Currently, therefore, in developed countries bladder calculi are

much less common than renal calculi. They are almost always asso-

ciated with a structural or functional abnormality of the urinary

tract, most commonly stasis, usually from bladder outflow obstruc-

tion, which tends to provoke the development of initially poorly

opaque orate calculi. Calculi may form as a result of infection

(especially with proteus in an abnormally functioning bladder),

when the calculi are magnesium ammonium phosphate and apatite.

Foreign bodies such as a catheter tip may also provide the focus for

calculus formation. Calculi are often asymptomatic but may present

with haematuria, suprapubic pain, disruption of the urine stream or

recurrent infection.

Most bladder calculi are visible on plain films and essentially all

will be seen on CT. They may appear as radiopaque spiculated

(jackstonc), laminated or amorphous lesions (Fig. 31.25). As with

upper tract calculi, on contrast investigations they are usually seen

as filling defects, as they are mostly less radiopaque than contrast.

Ultrasound reliably demonstrates them as highly echogenic mobile

foci, especially when the bladder is full (Fig. 31.26).

Rupture of the bladder i s usually associated with pelvic

trauma, although on rare occasions it occurs spontaneously. It may

he associated with blunt or penetrating injury. It is most commonly

seen in blunt injury in patients with severe multi-injury trauma.

Bladder rupture is predisposed by having a full bladder at the time

of trauma. Pelvic fractures are commonly associated, especially of

the anterior ring. Seven per cent of symphysis pubis diastasis are

associated with bladder injury. Bladder perforation is also seen

following surgery, particularly caesarean section and transurethral

bladder resection (usually for tumour). So-called spontaneous

bladder rupture is associated with a pre-existing bladder wall abnor-

mality and/or excessive straining, and causes therefore include

bladder tumour, cystitis, perivesical inflammation, bladder outflow

obstruction, neurogenic bladder and previous radiotherapy.

Box 31.1 Bladder injuries

1 . Contusion (incomplete or partial tear of the bladder mucosa; imaging
findings usually normal)

2. I ntraperitoneal rupture (contrast material seen around bowel loops
and in the major peritoneal spaces)

1
3. I nterstitial bladder injury (rare, contrast medium dissects into the j

bladder wall but not outside the bladder)
4. Extraperitoneal rupture (contrast seen within the perivesical space and

a variable number of adjacent extraperitoneal spaces, depending on
the severity of the injury)

5. Combined intraperitoneal and extraperitoneal rupture

u

From Sandler et al (1986).



Fig. 31.27 Cystogram performed via a suprapubic catheter in a patient
with major pelvic trauma and anterior pelvic fractures. There is florid
extravasation from the bladder neck tear. Contrast remains extraperitoneal.
There is associated trauma to the urogenital diaphragm and contrast
extends inferiorly into the perineum (arrow). The line of the urethra is
shown by the course of the urethral catheter.

Fig. 31.26 Transverse ultra-
sound of the bladder showing an
echogenic spiculated calculus
with distal acoustic shadowing.

the presacral space. There may be an associated tear of the urogeni-
tal diaphragm. allowing contrast to appear within the perineum.
thigh and scrotum. With an extraperitoneal tear the extravasated
contrast characteristically stays close to the bladder and has sharp
i rregular margins (Fig. 31.27).

When the tear is intraperitoneal, contrast extravasates into the
peritoneal cavity and has a more cloudy nebulous appearance
(Fig. 31.28). It is seen around small-bowel loops and may outline
other structures projecting into the peritoncal cavity, such as the

Bladder injuries may be classified according to a formal system
( Box 31.1) first described on cystography, modified for CT cyst-
ography. Although this includes contusions (type I ) and interstitial

bladder injury (type 3), the most important observation is the
presence of a bladder tear or rupture. This may be inttaperitoneal
(type 2). extraperitoneal (type 4) or both (type 5). Extraperitoneal
rupture is the commonest bladder injury (up to 90% of cases) and is
treated conservatively with catheter drainage. Intraperitoneal (and
combined infra- and extraperitoneal) rupture requires urgent surgi-
cal repair. The other forms of injury are also treated conservatively.

The diagnosis of bladder rupture and the distinction between
i ntra- and extraperitoneal forms has traditionally been made with
cystography. Extravasation of contrast into the perivesical space is
seen with extraperitoneal rupture and is associated with anterior
pelvic-ring fractures in 90% of cases. The defect in the bladder is

usually anterolateral. If there is florid extravasation, contrast may
extend anterosuperiorly along the anterior pelvic and abdominal

wall as far as the umbilicus or posteriorly around the rectum into

Fig. 31.25 Range of appearances of bladder
calculi on plain films. (A) Classical jackstone
calculus. (B) Laminated calculus. (C) Agglom-
erated calculi that have formed on catheter bal-
loons in a patient with bladder damage due to
previous trauma (note distortion of the bony
pelvis). (D) Multiple small bladder calculi, prob-
ably forming on fragments of prostatic tissue
following a previous transurethral resection of
prostate. (E) Two years later the same patient
shows significant further growth of the small
bladder calculi.



THE BLADDER AND PROSTATE 999

Fig. 31.29 CT cystogram. There is an extensive bladder neck rupture.
(A) The bladder cannot be distended, due to the size of the rupture, and
remains collapsed (arrow). Contrast has flooded into the perivesical space
anteriorly and shows florid extension superiorly (B) in the extraperitoneal
space behind the anterior abdominal wall.

Fig. 31.28 (A) Intraperitoneal rupture, in this case visible on IVU. III-
defined contrast extravasation is seen around bowel loops immediately
superior to the bladder (arrows). (B) Cystogram showing intraperitoneal
rupture with contrast outlining the caecal pole and the outer aspect of the
right side of the bladder dome.

The detrusor muscle may become hyper-reflexic with frequency.

urgency and urge incontinence. The bladder becomes heavily tra-

beculated (Fig. 31.30) and may develop the classical fir-tree appear-

ance. Alternatively the detrusor muscle may become flaccid, with a

smooth overdistcnded bladder. Investigation of the neuropathic

bladder and other causes of bladder dysfunction is discussed in the

section on urodynamics in Chapter 29.

liver. Contrast also extends into the lateral pelvic recesses and the

pouch of Douglas or rectovesical pouch (although this is better seen

on CT). Usually the tear is along the dome of the bladder, which is

the weakest part. Associated pelvic fractures are seen in approxi-

mately 75%. CT with intravenous contrast is often performed to

i nvestigate the abdomen and pelvis following significant trauma.

CTcystography is a useful adjunct and can be performed by repeat-

ing the scan 15-30 minutes after the injection of contrast, keeping

the bladder catheter clamped during this period. This is of compara-

ble accuracy to conventional cystography and has the advantage of

not requiring the patient to move to a separate table for a further

i nvestigation. It shows analagous features to those described above,

often with better detail (Fig. 31.29). Conversely, contrast may be Approximately 75% of bladder tumours arc confined to the mucosa
i nstilled via a urethral catheter immediately prior to CT scanning and submucosa (Ta and TI tumours) and, as this group has a rela-
and this may increase the detection rate, particularly for subtle

i njuries. Adequate distension of the bladder is required for

maximum sensitivity but this is sometimes impossible (and

unnecessary) when the contrast escapes through a large tear.

Fig. 31.30 Bladder image from an IVU study showing a heavily trabecu-
l ated neuropathic bladder.

Neuromuscular disorders

The neuromuscular control of voiding and continence is complex

and may become abnormal as a result of numerous conditions at

any site along the neuraxis, from cerebral cortex to detrusor muscle.

Common causes within the brain include ischaemia, trauma,

Parkinson's disease, Alzheimer's disease, hydrocephalus, head

i njury and multiple sclerosis. Within the spine, common causes

i nclude compressive lesions of the cord or cauda equina, such as

prolapsed intervertebral disc or tumour.
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tively low risk of metastases, they can be managed by regular endo- bladder after completion of radiotherapy or if invasive tumour
scopic resection and/or diathermy. The remaining 25% i nvade the recurs at a Subsequent date (salvage cystectomy). Salvage cystec-
underlying bladder muscle (T2-T4) and are associated with a high tomy may also he required for severe side-effects of radiotherapy
risk of developing metastatic disease. Following the diagnosis of (bleeding, contracted bladder, incontinence, fistulas). An ileal
muscle-invasive disease at endoscopic resection, this group there- conduit is the most commonly employed urinary diversion tech-
fore requires more aggressive therapy; this may involve radio- nique used following salvage cystectomy, but with increasing expe-
t herapy to the bladder, cystectomy and urinary diversion or a ricnce of the orthotopic neobladder technique, reconstruction is
combination. being increasingly used in these postradiation patients as well.

In many centres there is a trend towards aggressive initial
surgical treatment of muscle-invasive bladder cancer by total cys- Augmentation and substitution cystoplasty Several bladder

tectomy, which classically involves removal of the lower ureters, disorders may impair bladder capacity, either functionally or

bladder, prostate and urethra in men, and the lower ureters, bladder, structurally, giving rise to frequency of micturition and nocturia,

urethra and gynaecological organs in women. Although the results These symptoms may also be accompanied by urgency and incon-

of cystectomy (either alone or following preoperative radiotherapy) tinence. Symptomatic improvement may be obtained using agents

are superior to radiotherapy alone, surgery has been less popular in with anticholinergic and/or smooth muscle relaxant properties

the past because of the need for simultaneous urinary diversion (by (e.g. propantheline, oxybutynin) or by hydrostatic distension of

deal conduit or ureterosigmoidostomy: Fig. 31.31 A). the bladder under anaesthesia. For selected patients with

The ilea) conduit is the classical urinary diversion procedure. A i ntractable symptoms despite such measures, the bladder capacity

short segment of ileum, supplied by the ileocolic artery or a large can be increased by cystoplasty.

branch of the superior mesenteric artery, is isolated. One end is closed Augmentation or 'clam' ileocystoplasty involves incorporating a

and secured retroperitoneally near the aortic bifurcation. The other segment of detubularised ileum into the dome of the bladder after

end is fashioned into the cutaneous stoma, usually in the right lower the bladder has been opened in either a transverse or anteroposte-

quadrant. End-to-side ureteroileal anastamoses are performed around rior plane (Fig. 31.3IC). This technique has been particularly

2 em from the closed end. There is no antiretlux mechanism. The left employed in the treatment of detrusor instability, a condition in

ureter usually has further to travel and is at risk of tension. However, which uninhibited contractions of the detrusor muscle impair the

with recent developments in reconstructive surgical techniques, it is f unctional capacity of the bladder and cause frequency, urgency and

now possible in suitable eases to avoid urinary diversion by construe- urge incontinence. The success of the operation is believed to he

tion Of a bladder substitute from the intestine that is then anastamosed the result of the relatively non-contractile tubularised bowel

directly to the membranous urethra (orthotopic neobladder reconstruc- segment acting as a diverticulum to absorb any pressure surges

lion). The intestinal neobladder may he constructed from ileunn, the f rom increased detrusor activity. The diverticulum effect is some-

sigmoid colon or using an ileocolic segment. ti mes too effective and prevents complete bladder emptying, neces-

Detuhularisation and reconfiguration of the intestinal segment sitatin intermittent self-catheteisation.

(Fig. 31.3113) eliminates coordinated contractions of the gut muscu In other disorders, changes occur in the bladder wall to restrict

l ature, resulting in a low-pressure continent reservoir that is tile structural capacity of the bladder. This includes the fibrosis of

emptied by abdominal straining, although intermittent self-catheter- t he wall seen following genitourinary tuberculosis, schistosomiasis

i sation may he required in some patients to achieve complete and radiotherapy and the inflanmmation seen with interstitial cystitis.

emptying. In men, potency may he retained by careful preservation I n these patients the diseased segment of the bladder is removed

of the neurovascular bundles innervating the corpora cavernosa. and replaced (substituted) with a segment of bowel (Fig. 31.3IC). It

Although initially the technique was only thought feasible in i s usually necessary to remove the whole of the bladder dome and

men, orthotopic neobladder reconstruction is increasingly being body above the ureteric orifices, preserving just the latter and the

employed for female patients as well, the continence mechanism of t-igone. The most commonly used segment of bowel used for sub-

the female urethral sphincter being maintained by preservation of stitution cystoplasty is caccum, which can either he anastamosed to

the anterior vaginal wall and the neurovascular bundles that run in the trigone as a tubular segment or as a detubularised ilcocaecal

association with this. However, reconstruction onto the urethra is segment. As with clam ileocystoplasty, bladder emptying may he

contraindicated in patients with nnrltifocal tumours or widespread i ncomplete following substitution eystoplasty, again necessitating

carcinoma in situ, owing to the risks of urethral recurrence, and in intermittent self-catheterisation.

these patients urethrectomy is carried out at the same time as the Boari bladder flap If the lower ureter is damaged due to trauma
bladder is removed. Or pelvic surgery, or if local excision is required to remove a low-

When removal of the urethra is required or if anastamosis to the `rade tumour or Stricture. there is often insufficient length to
membranous urethra is not technically feasible, a urostomy may allow direct reimplantation of the ureter into the bladder. In these
still he avoided b y giving the bowel reservoir a continent catheteris- circumstances the deficit in feng

th can be bridged by taking a
able stoma instead. The continence mechanism can he provided by vascularised flap from the anterior wall of the bladder, into which
submucosal tunnelling of a narrow tube, such as appendix or ureter the ureter is reimplanted via a submucosal tunnel to prevent reflux
( with careful preservation of its blood supply). into the reservoir ( Boari flap; Fig. 31.31D). The anterior wall of the flap is then
(Mitrofanoff principle), or by intussusception of a length of ileum closed to form a tube leading down into the bladder. A ureteric
to form a non-return valve (the Koek Pouch). The patient then stent is

generally
employed for a period of time to protect the

empties the reservoir at regular intervals by self-eatheterisation of ureterie anastamosis.
the eutaneous stoma opening onto the abdominal wall.

If radiotherapy is chosen as the initial treatment, cysteetomy may Radical prostatectomy The opportunity to consider curative

still he necessary at a later stage either if tumour persists in the treatment for carcinoma of the prostate has in the past been
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Fig. 31.31 (A) Urinary diversion techniques: left, ileal
conduit; right, ureterosigmoidostomy. (B) Recon-
struction with an intestinal 'neobladder' after cystec-
tomy. (C) Cystoplasty techniques: left, augmentation
cystoplasty; right, substitution cystoplasty. (D) Boari
bladder flap technique.



Fig. 31.34 Barium enema (prone angled view) showing the characteristic
wide separation of the symphysis pubis seen in bladder extrophy. The
patient was treated in childhood with bilateral ureterosigmoidostomies and
has developed large colonic adenomas at the site of insertion of the ureters
(arrows).

Fig. 31.32 Stentogram 10 days after fashioning an ileal conduit. Two
stents have been positioned at the time of surgery, running through the
conduit and then into the two ureters. Contrast has been injected via the
stents to outline the ureters and then, as the contrast flows antegradely, the
conduit. In this case very little contrast passes into the conduit, as most is
seen to extravasate at the level of the uretroileal junction inferiorly into the
pelvis.

Fig. 31.33 Normal conduitogram (loopogram) showing typical smai
bowel mucosa in the conduit and free reflux into modestly dilated ureters.

kidneys, either with yearly ultrasound or IVU. If dilatation occurs it
almost always represents reflux, rarely obstruction and a con-
duitogram (loopogram) will confirm this. Calculi may develop in
around 5 °/ of patients because of the infection and stasis.

Obstruction, usually due to benign stenosis at the ureteroileal
anastomosis, is seen in approximately 5°/n, especially if radio-
therapy was administered or if there was extravasation in the post-
operative period.

Tumour recurrence occurs in up to 20 1
/c of' postcarcinorna

conduit patients and new metachronous urothelial carcinoma may
he encountered in up to 33 1/(-.

Ureterosigmoidostomy I mplantation of the distal ureters into the

sigmoid colon has been performed historically in patients with
severely abnormal bladders, particularly bladder extrophy. The
advantage of the procedure was the avoidance of a cutaneous
stoma. Numerous disadvantages have, however, been encoun-
tered, including diarrhoea and severe biochemical disturbances.
I n the long tern two serious groups of problems are encountered
(infection and neoplasi), which derive from the mixing of the
Urinary and faecal streams. Patients suffer with recurrent or
chronic urinary tract infection, leading to chronic pyelonephritis,
renal cortical loss and failure (Fig. 3I.1). There is a markedly
i ncreased risk of tumour development. most commonly in the
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hampered by the advanced stage of the disease at presentation in
many patients. However, much earlier diagnosis has become pos-
sible in recent years using the tumour marker, prostate-specific
antigen (PSA) and multiple ultrasound-guided prostate biopsies.
If staging confirms localised disease, potentially curative treat-
ment with radical radiotherapy or radical prostatectomy may be
offered.

Radical prostatectomy i nvolves total removal of the prostate and
seminal vesicles en bloc. This may be achieved by either a low
abdominal incision or a perineal incision. A number of centres are
developing a transabdominal laparoscopic technique. Regardless of
the approach, anastamosis of the bladder neck to the membranous
urethra is required to reconstruct the urinary tract following radical
prostatectomy, the urethral anastamosis being at the same site as
described above when anastamosing a reconstructed neohladder to
the urethra after total cystectomy (Fig. 31.3I B).

Heal conduit The radiologist is routinely called upon to image
urinary tract diversions and reconstruct ions of all types in the
early postoperative period, to assess the state of the critical anas-
tamoses and look for extravasation. Classically this is requested
around 10 days following surgery when the surgeon will he con-
templating removal of temporary stents routinely positioned
across the anastamoses at the time of surgery. In the case of the
ilea) conduit the typical site of extravasation is at the ureteroileal
junctions (Fig. 31.32). Less commonly the anastamoses are too
narrow and obstruction occurs.

Long-tern complications include chronic pyelonephritis, calcu-
I us formation, obstruction and neoplasm.

By its nature the conduit predisposes to free bilateral reflux
(Fig. 31.33) and there is a strong tendency for the ureters and
pelvicalyceal systems progressively to dilate. Chronic infection is
common and chronic pyelonephritis (adult reflux nephropathy)
develops with cortical loss in up to one-third of patients. Ultimately
after several years renal failure often develops. Routine assessment

of the upper tracts is usually performed to monitor the state of the



Fig. 31.37 Full-length film from an IVU study on a
patient 1 year after fashioning a Mitrofanoff reservoir. The
appearances are satisfactory. The left pelvicalyceal system
shows minimal fullness, which will require monitoring; the
right-sided collecting system shows no dilatation at all.
I ncidental note is made of the complete duplex system on
the right, which will have increased the complexity of the
surgical procedure.

Fig. 31.36 IVU 1 year after fashioning an orthotopic neobladder. There is no upper
tract dilatation and the ureters drain satisfactorily into the afferent loop; this drains
into the neobladder, which is nicely seen on the full length film (A) and has a remark-
ably normal appearance. The postmicturition film (B) shows satisfactory emptying of
the neobladder and reveals the characteristic mucosal pattern of the constituent small
bowel.

The underfilled bladder often shows some distortion of its shape by

adjacent bowel loops, especially when they are loaded with gas or
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catheters. The characteristic anatomy of the afferent loop and the

neobladder with demonstrable small-bowel mucosa is easily seen

on these contrast investigations (Fig. 31.35). Long-term follow-up

of these procedures is performed to monitor postmicturition

volume and the development of upper tract dilatation due to reflux

or anastamotic stricturing (usually benign, occasionally due to

tumour recurrence). Imaging protocols vary between centres but,

although ultrasound is adequate for the detection of hydronephro-

sis and gross changes in postmicturition volume, many institu-

tions prefer IVU to monitor the postoperative appearances (Fig.

3 1.36); it is likely to be more sensitive for the detection of

metachronous tipper tract urothelial tumours. Similar considera-

tions apply to the early and late stages of imaging the Mitrofanoff

and related continent diversions (Fig. 31.37).

Boari flap The length of the flap of bladder used varies depend-

i ng on the distal ureteric deficit. The postoperative appearances

range from a subtle angularity of the superolateral aspect of the

affected side of the bladder to a very obvious tube of bladder

extending superiorly to meet the ureter (Fig. 31.38).

Radical prostatectomy Following radical prostatectomy a

urethral catheter is left in place to stent the surgical anastamosis

to the urethra. Routine cystography is commonly requested

1 0-14 days after surgery to assess the state of the anastamosis.

When this is intact, or shows only a tiny pouch of contrast pro-

jecting from the anastamotic line, the catheter may be removed,

usually on the ward early in the day to permit several hours of

observation before the patient is discharged. Substantial extrava-

sation (Fig. 31.39) requires the catheter to remain in place for a

further week or two before repeat cystography.

Fig. 31.35 (A) Early cystogram following fashioning of an orthotopic
neobladder. Normal postoperative appearances. The two ureters are seen
entering the afferent loop, which drains into the main body of the neoblad-
der. No extravasation is seen, the anastamoses are intact. Both urethral and
suprapubic balloon catheters are still present. (B) Early cystogram on a
si milar reconstruction. In this case the right ureter enters the afferent loop
somewhat lower than the left. There is a stent still present in the left ureter
running into the afferent loop because of concerns about the integrity of
the left-sided anastamosis. This is justified because there is substantial
extravasation from this anastamosis, running superiorly into the left
retroperitoneum (arrowheads).

bowel mucosa at the ureterosigmoid anastamotic site. There is at

l east a one in three chance of developing colonic neoplasia with

this type of operation, either adenomas or carcinoma, often highly

aggressive (Fig. 31.34).

Orthotopic neobladder Because of the complexity of these

procedures and the number of surgical anastamoses involved,

bilateral ureteric stents and urethral and often suprapubic

catheters are usually left in place for a week. Assessment with

bilateral stentograms and a cystogram is then often performed to

assess anastamotic integrity before removal of the ureteric stents

first, followed over the next week or so by removal of the bladder
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Fig. 31.39 Cystogram 10 days after radical prostatectomy. There is a
substantial right posterolateral leak at the level of the anastamosis of the

Fig. 31.38 Bladder images from I VU studies on two patients with Boari bladder on to the urethra, seen on the posteroanterior (A) and steep right
flap procedures: (A) shows only prominence of the right superolateral angle anterior oblique (B) views. This requires conservative treatment with
of the bladder in keeping with a small flap. (B) shows a patient who catheter drainage for 1-2 weeks and then repeat cystographic assessment
required resection of a substantial length of ureter and has a much longer
flap reconstruction. i ng. The detrusor muscle often hypertrophies and leads to fre-

faeces
quency, nocturia and urgency. The postmicturition urine volume

. Superior indentation by the normal uterus in females of
may rise and lead to an increased incidence of cystitis and calculi,

reproductive age is common. These appearances are usually easy to
Chronic retention may occur, ultimately leading to upper tract dis-

interpret correctly. Indentation of the bladder by a pathologically
tension with renal failure.

enlarged uterus (usually due to fibroids) is also relatively common
Transabdominal ultrasound with a full bladder usually allows

and other gynaecological masses (ovarian cysts and tumours) will
some demonstration of the prostate and an approximate volume can

present this way from time to time and require ultrasound
be measured (Fig. 31.40). More accurate volume measurement can

assessment
he obtained with transrectal ultrasound. Clinically, however, this is

Compression of the bladder by urinoma or hacmatoma is seen
not terrifically useful because the symptoms, complications and

after trauma (occasionally following surgery), the diagnosis being
treatment of BPH are not closely related to prostate volume.

suggested b y the history. Lateral compression of the bladder
Occasionally the surgeon may ask for a volume measurement to

characteristically occurs when the source of bleeding is the iliac
assist with a decision to choose retropubic prostatectomy instead of

artery or the perivesical venous complex.
the standard transrectal prostatectomy. Adenomatous nodules are

Other common causes of bladder indentation include adjacent
seen as predominantly well-defined echo poor nodules, although

diverticulum, pelvic abscess or pelvic tumours. Less commonly the
they are sometimes hyperechoic. They arc located centrally (origi

bladder is compressed laterally by pelvic lymphadenopathy, psoas
nating in the transitional zone), expanding the central gland,

muscle hypertrophy, pelvic lipomatosis or venous collaterals due
inferior

to
displacing and compressing the hyperechoic peripheral zone.

vena cava obstruction.
Frequently there are associated cysts of varying sizes due to

Pelvic lipomatosis is a rare condition in which there is excess
dilatation of transitional /one glands by proteinaccous material

formation of adipose tissue within the true pelvis. It is characteristi-
(Fig. 31.41). Foci of calcification with dense shadowing are also

tally seen in overweight hypertensive males. It may present with
frequently seen, characteristically with a periurethral distribution or

abdominal or low back pain, urinary tract infections, frequency and
at the junction of the central and peripheral glands. MRI is not rou

constipation. Reduced density may be seen in the pelvis on plain
finely indicated to image BPH but the changes may be visible on

radiographs. The bladder has an inverted pear shape on contrast
scans performed for other indications, particularly staging carer

i nvestigations. The bladder base is elevated and the capacity
noma of the prostate when they may add to the difficulty of dclin

reduced. There may be associated ureteric deviation and even
eating the tumour accurately. Features analagous to those described

obstruction. The rectum and sigmoid colon may also appear elon-
on transrectal ultrasound are encountered. The central gland is

gated and narrowed. CT is diagnostic, showing the excess of fat and
enlarged and heterogeneous with visible nodules, usually of

excluding more sinister masses.

Benign prostatic hypcrplasia (BPH) is the development of nodular
hyperplasia within the glandular tissue of the transitional zone of
the prostate. It is essentially a disease of age, being present in 8% of
males around the age of 40 years, up to 50% by the age of 60 years
and around 90% at the age of 90. Presentation is usually with symp-
toms of bladder outflow obstruction, classically hesitancy, poor Fig. 31.40 Longitudinal (A) and transverse (B) ultrasound images of the

stream, postvoid dribbling and the sensation of incomplete empty- bladder showing moderate lobulated benign prostatic enlargement with
areas of calcification.



Fig. 31.43 Transrectal ultrasound (transverse images) on patients with clini-
cal prostatitis. (A) shows periurethral calcification but an otherwise essentially
normal young adult gland. (B) Older patient with some benign prostatic
enlargement. There is calcification at the junction of the peripheral and central
gland and a slightly motheaten appearance to the central gland.

Fig. 31.42 Bladder image
from an IVU series showing
marked prostatic enlargement
as a s mooth bladder-base
mass. Some trabeculation of
the bladder wall is also visible.
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Inflammation of the prostate may be acute or chronic. Strictly
defined, the diagnosis rests oil the demonstration of an infecting
organism, usually Gram-negative bacilli in prostatic secretions or
semen. More commonly it is inferred from the clinical picture.
Acute prostatitis is frequently associated with cystitis. It causes
fever, rigors, dysuria, frequency and perineal or rectal pain. On
rectal examination the gland may be firm, swollen and tender. The
onset may be remarkably acute and severe and may progress to
septicaemia and abscess formation, when the gland becomes
exquisitely tender. The disease usually responds well to antibiotics.
Radiological investigations are not usually required, although it is
reasonable to assess the urinary tract with ultrasound at some stage
to look for predisposing or associated conditions, particularly
bladder outflow obstruction. Transrectal ultrasound is rarely con-

tributory and often extremely uncomfortable for the patient. The
serum PSA often rises during an episode of prostatitis and, if this
remains high and the gland remains clinically firm, patients may be

referred for transrectal ultrasound because of concern about the
presence of a carcinoma. Unfortunately, without biopsy transrectal
ultrasound (Fig. 31.43) is non-specific (and biopsy is itself a cause

of prostatitis). Ill-defined or geographical areas of reduced
echogenicity may be seen throughout the prostate, but particularly

centrally. and are indistinguishable from extensive carcinoma.
Calcific areas are frequently present, especially in the periurethral
area. Abscess formation is seen as an ill-defined area of cystic

degeneration, often containing debris.
The clinical entity of chronic prostatitis includes dysuria and

perineal or rectal pain. On transrectal ultrasound appearances are
non-specific and may be virtually normal. Areas of reduced echo-
genicity as in acute prostatitis may be seen (moth-eaten prostate)
with foci of calcification, particularly in the periurethral area, which
may be dense. Positive bacteriology may be elusive and it has been
suggested that similar organisms to those responsible for non-

specific urethritis may be involved (Chlamvdia. Ureaplasma,

Mvcoplasma, Irichomonas spp, etc.). Treatment is often difficult,
with little symptomatic relief in response to conventional anti-
biotics. It may be associated with recurrent urinary tract infections

and epididymitis.

Blood in the semen is overwhelmingly a benign and self-limiting
condition. It usually affects middle-aged or young adult males. The

Fig. 31.41 Transrectal ultrasound (transverse images) on patients with
benign prostatic hyperplasia. (A) shows marked prostatic enlargement. The
central gland shows a multinodular appearance with a benign cyst (arrow)
and gross enlargement. This has displaced and compressed the more
echogenic peripheral zone. (B) shows more modest disease with less central
gland enlargement. A benign cyst (arrowhead) and an adenomatous
nodule (arrows) can be identified.

i ncreased signal on the T,-weighted sequence. Signal is more vari-
able on the T,-weighted sequence and may be high, medium or low.
Stro ml proliferation between the nodules is seen predominantly as

l ow signal on both sequences, particularly the T 2-weighted
sequence. The peripheral zone is not directly involved but is usually
compressed and displaced by the central hyperplasia.

Radiological investigation of BPH is more routinely targeted
towards assessment of the effects of the disease on the rest of the
urinary tract. Ultrasound will demonstrate the state of the bladder,
notably increased wall thickness and the development of trabecula-
tion. sacculation and diverticula. Bladder calculi may also be
demonstrated. The postmicturition volume should he assessed.
Although the patient may not have emptied the bladder as well as
he could under less artificial circumstances, this should give at least

some idea of the order of magnitude of the residual urine and
whether or not chronic retention is present. This measurement is
often combined with a urine flow-rate measurement. Upper tract
ultrasound will demonstrate the presence of secondary hydro-
nephrosis and cortical loss and detect any coincidentally present
renal disease (calculi, scars, etc.). The IVU is not routinely indi-
cated in the investigation of BPH but signs of the condition may he
noted when this investigation is performed for other reasons. There
may he a lobulated bladder-base mass (the enlarged prostate) asso-
ciated with elevation of the trigone and distal ureters (Fig. 31.42).
There may be upper tract distension ultimately with cortical loss,

and the bladder wall may appear thickened and trabeculated. A sub-
stantial postmicturition residue may he seen on the preliminary film
and the post micturition film, in which case demonstration of the
bladder is often poor due to dilution of the contrast by the residual
urine. Bladder calculi and diverticula may also be seen.



Fig. 31.45 Transrectal ultrasound
(transverse image) showing multifocal
echo-poor prostatic cancer (two
nodules identified by arrowheads).

Fig. 31.44 Transrectal ultrasound
(transverse images) on patients with
prostatic cancer. (A) shows a tiny
peripherally placed carcinoma as a
hypoechoic nodule (arrows) easily
seen against the remainder of the
normal hyperechoic peripheral gland.
(B) shows a larger area of reduced
echogenicity (arrowheads) replacing
much of the left peripheral gland and
showing an ill-defined infiltrative
margin towards the adjacent central
gland. It currently, however, still
appears confined by the prostatic
capsule. (C) shows an extensive pro-
static cancer seen as a sheet of echo-
poor material that has replaced the
normal peripheral gland and is
i nfiltrating anteriorly into the central
gland.
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cause is often unknown but sometimes it seems reasonable to Blood tests for PSA in urological patients (or more controversially
ascribe it to the presence of infection or substantial calcific foci i n the general population) and transrectal ultrasound have been used
within the central prostate (prostatic calculi) or seminal vesicles. to attempt to identify prostate cancer at an earlier stage, when it
Rare causes include vascular malformations and prostatic cancer. may be more amenable to radical treatment. PSA is a glycoprotein
With the appropriate clinical picture, transrectal ultrasound and produced exclusively by glandular tissue of the prostate. It becomes
biopsies (also a cause of haemospermia) may be indicated on elevated in the blood in prostatic disease, including benign prostatic
occasion. hyperplasia, inflammation and cancer. The arbitrary upper limit of

normal is often taken as 4 ng/ml; however, only 25% of patients
with a value of 4-If) ng/ml are shown to have prostatic cancer.Malignancy Above 10 ng/ml as many as 85% are shown to have cancer. A

In males prostate cancer is the most common malignancy encoun- normal PSA value in the general population is usually associated

tered and the second commonest cause of cancer-related deaths. A with an absence of cancer, but does not exclude it. A small propor-

high proportion of prostate cancer appears to he clinically lion of extremely undifferentiated cancers will not produce a

i nsignificant, being demonstrable at postmortem but failing to demonstrable rise in the PSA, and very small cancers may not

develop into significant disease during life. The vast majority of produce enough of a rise for the value to fall outside the normal

prostate cancer is adenocarcinoma and is classified histologically range.

i nto five Gleason grades of increasing agression from I to 5. Only On transrectal ultrasound the peripheral zone is normally moder-

the higher two grades are commonly associated with lymph node ately hyperechoic. Roughly 85th; of prostatic cancer originates from

metastases. The tumour is often heterogenous and a Gleason score this zone and classically appears as a focal hypoechoic nodule

is employed to account for this, being derived from the sum of the or a more substantial ill-defined area of reduced echogenicity

grades of the two predominant histological patterns. This defines (Fig. 31.44). However, at least one-third are of similar echogenicity

the categories of well, moderately and poorly differentiated (scores to normal peripheral zone tissue and cannot be identified on ultra-

2-4, 5-7 and 8-10, respectively). Tumour size is an independent sound alone, although they may be suspected if they are large enough

predictor of aggressive behaviour such as metastases, seminal to distort the prostatic outline. The remaining cancers originate within
vesicle invasion being uncommon at a volume below 2.5 ml and the central gland (transitional and central zones) and are extremely

lymph node or other distant metastases being uncommon at difficult to identify, as this area is often heterogeneous and nodular

volumes below 4 ml. Tumour differentiation also tends to deterio- due to the development of benign prostatic hyperplasia from middle

rate with increasing size. age onwards. Rarely cancers are hyperechoic and appear similar to

Prostate cancer detected by digital rectal examination (DRE) is areas of benign calcification which are commonly seen in the central

often advanced, roughly one-third already having metastasised and gland. Up to 50 11( of cancers are multifocal and/or bilateral

one-third of the remainder showing local extraprostatic spread. (Fig. 31.45). Cancers less than I cm diameter are difficult to detect
with transrectal ultrasound, with approximately 80°c not seen. Colour
flow Doppler and ultrasound contrast medium have been reported to
increase the sensitivity of transrectal ultrasound for the detection

of cancers and their differentiation from benign lesions; however, a
histological diagnosis is still required and the major use of transrectal
ultrasound is to guide prostatic biopsies.

Routine antibiotic cover is required for transrectal biopsy; for
example, ciprofloxacin 1000 mg orally 6-24 h prior to the procedure.
metronidazole 1000 mg rectally immediately after the procedure, and
ciprofloxacin 500 mg orally for 2 days afterwards. Multiple biopsies
are performed with an 18 G cutting needle and a spring-loaded biopsy
gun. The recommended number of biopsies to be taken continues to
rise. Initially biopsies were targeted only to ultrasonographically sus-
picious areas. The realisation that many carcinomas cannot he
detected ultrasonographically led to quadrant biopsies being routinely

performed. Further work suggested that the detection rate of carcino-
mas would he increased by sextant biopsies. These can either he per-
formed as high, middle and low biopsies on each lobe or as a fan
shape (medial, middle and lateral on each side), with similar tumour
detection rates or even better detection for the fan-shape protocol.
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and uterus, tumours and other lesions can be demonstrated on T2-weighted images. Vascular structures are easily distinguished from

surrounding tissues and lesions on T,-or proton density-weighted

images without the need for intravenous contrast enhancement.

Motion artefacts in the pelvis are less of a problem than with
Fig. 31.46 Transrectal ultrasound

abdominal MRI. MRI is useful in the paediatric age group as it
(longitudinal image) showing echo-
poor tumour in the peripheral gland avoids the use of ionising radiation.

extending anteriorly into the adja- Transabdominal and transvaginal ultrasound are the techniques
cent central gland and superiorly employed for the initial investigation of pelvic pathology and are
into the seminal vesicle.

Usually sufficient for evaluation of benign disease, with MRI being

used for problem-solving: however. M R I has become invaluable in

the evaluation of malignant disease within the pelvis.

Fig. 31.47 Transrectal ultra-
sound (transverse i mage)
showing echo-poor tumour
i nfiltrating throughout the
prostate, predominantly the
right lobe, and extending
l aterally through the capsule
on the right into the peri-
prostatic fat.

Normal appearances The bladder wall has low signal on T,- and

T2-weighted images, whereas urine because of its very long T,

and T2, appears as low and high signal, respectively. Urine and

bladder wall appears low signal on T,-weighted scans and cannot

be clearly distinguished. On T2-weighted images, however, the

bladder wall is demonstrated as a low-signal hand, contrasting

with the high signal from urine and perivesical fat. The fully

distended bladder wall measures approximately 2 mm in thick-

ness. A chemical shift artefact can occur between the water

protons of the bladder wall and adjacent fat protons in the

perivesical tissue (Fig. 31.48A). It produces a low-signal-inten-

sity line at one edge of the bladder wall, with a high-signal band

opposite, mimicking muscular hypertrophy or invasion, respec-

tively. This artefact, which is more pronounced on high field

strength systems, can be reduced by use of RF bandwidth adjust-

Recently octant biopsies have been recommended and some centres

are now advocating 12 or 13 routinely. It is still uncertain whether this

i ncreases the complication rate. The degree of discomfort associated

with each biopsy varies between patients and has been described as

si milar to having a blood test taken; considerable discomfort or pain is

reported by around 24% of patients. Low biopsies that catch the anal

ring or the prostatic apex are extremely painful. Complications

include hacmaturia (sometimes with retention), rectal bleeding,

haemospermia and infection, which varies from cystitis to life-threat-

ening septicaemia.

Prostate cancers can be locally staged with transrectal ultrasound.

The size of the tumour, invasion of the seminal vesicles (Fig. 31.46)

and the presence of multifocal tumours may he noted with variable

accuracy and influence the prognosis. Extension of tumour through

the capsule (Fig. 31.47) and beyond, particularly into the rectum,

may also be demonstrated. The accuracy of ultrasound staging is

debated and may he little better than digital rectal examination.

Accuracies of around 78% for seminal vesicle invasion and

58-86% for extracapsular spread have been reported.

Regional lymph nodes are rarely visible on transrectal ultra-

sound. Recent work has examined the role of transrectal ultrasound

i n patients who have undergone radical prostatectomy for carci-

noma of the prostate. The normal postoperative appearances are of

a smooth tapered bladder neck with a symmetrical urethrovesical

anastamosis. Recurrent disease may be seen as additional irregu-

l arly-shaped tissue which is usually hyp-echoic and in the area of

t he urethrovesical anastamosis.

Fig. 31.48 (A) Transverse T 2 -weighted spin-echo (SE 2000/80) image
demonstrating a chemical shift artefact in the frequency direction (horizon-

tal) with a low-signal-intensity line at one edge of the bladder wall (straight
solid arrow) and a high-signal band in the opposite wall (open arrow). (B)
Bladder tumour (histological stage T2) with an intact low-signal bladder
wall peripherally on a coronal intermediate-weighted spin-echo (SE

1 200/26) image. t = tumour; u = urine.

J eremy P. R. Jenkins

MRI is well suited to the evaluation of the pelvis, providing high

soft-tissue contrast resolution and clear anatomical depiction of

pelvic organs. Bladder musculature, zonal anatomy of the prostate



Fig. 31.49 Extensive T3b bladder tumour shown on (A) a transverse T 2 -weighted spin-echo (SE 3000/100) image; (B) transverse (at the same anatomical
level as (A)) and (C) parasagittal T 2- weighted spin-echo (SE 3000/100) images with fat suppression. The tumour (curved arrow) is infiltrating through the
bladder wall (straight arrows), which is better appreciated on the fat suppression scans. p = prostate.

Fig. 31.50 Enhancing bladder carcinoma (t) in the posterolateral part of
the bladder on a transverse T 1 -weighted spin-echo (SE 740/40) post-
gadolinium-DTPA image. Note the three layers-u no pacified urine (u),
signal void posteriorly in the bladder due to the superparamagnetic effect
of high concentrations of gadolinium-DTPA, with a high-signal layer in
between due to the paramagnetic effect of normal concentrations of
gadolinium-DTPA. Also note the heterogeneity of signal within the middle
l ayer due to urine flow. r = rectum; arrows = fluid levels.

patients restlessness during the examination. An antiperistaltic
went such as glucagon can be administered to reduce bowel motion
artefact. If available, a pelvic phased-array coil should be used for
evaluation of the whole pelvis and abdomen. Transverse and
coronal large field of view (typically 38-49 cm) T,-weighted
images of the abdomen and pelvis arc obtained in order to evaluate
the upper abdominal viscera, particularly the kidneys, for the pres-
ence of hydronephrosis, to identify any lymph node enlargement
and the presence of bone metastases.

Transverse and coronal small field of view (typically 20-24 cm)
T,-weighted images of the pelvis are obtained in order to demon-
strate the local and regional extent of tumour and to reconfirm the
presence of lymph node metastases. Additional sagittal images can
be obtained for tumours that are present in the bladder base or vault
(Fig. 31.49). The use of intravenous gadolinium-chelate is not
mandatory. It can be helpful to demonstrate small lesions and the
extent of tumour spread through and beyond the bladder wall and
invasion of adjacent organs, as the tumour enhances to a greater
extent than the bladder wall (Fig. 31.50). A dynamic contrast-
enhanced technique produces the best results, as tumour enhances
during the early phase following injection, contrasted with the later

Box 31.2 TNM staging of bladder carcinoma

TI I nvades subepithelial connective tissue
T2 I nvades muscle
T2a Invades superficial muscle (inner half)
T2b Invades deep muscle (outer half)
T3 Invades perivesical tissue
T3a Microscopically
T3b Macroscopically (extravesical mass)
T4 I nvades any of following: prostate, uterus, vagina, pelvic wall,

abdominal wall
T4a I nvades prostate or uterus or vagina
T4b I nvades pelvic wall or abdominal wall
N1 Metastasis in a single lymph node 2 cm or less in greatest dimen-

sion
N2 Metastasis in a single lymph node >2 cm but < 5 cm in greatest

dimension, or multiple lymph nodes, none >5 cm in greatest
dimension

Mi Distant metastasis

ment (i.e. inercrising the bandwidth reduces the chemical shift
artefact but the downside is a reduced signal to noise) or fat
suppression techniques.

Purpose of imaging There are three main reasons for imaging
patients with established bladder cancer: (i) to stage the tumour;
(ii) to assess response to treatment; and (iii) to identify recurrent
disease.

Staging I n the United Kingdom and Europe, the TNM system is
used to stage bladder cancer. The extent of spread within the
bladder wall, the perivesical fat and adjacent organs (T stage),
spread to pelvic and abdominal lymph nodes (N stage), and
distant metastases (M stage) are assessed (Box 31.2).

Technique Prior to imaging it is essential to have a comprehen-
sive and accurate clinical history. Recent endoscopic resection or
biopsy gives rise to haemorrhage and oedema, which can produce
misleading appearances on MRI.

The imaging technique is outlined in the Royal College of
Radiologists' booklet A Guide to the Practical Use of MRI in
Oncology. The patient should have a moderately full bladder in
order to distend the bladder wall. An overfull bladder will result in
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Fig. 31.52 Histological stage 13b bladder carcinoma (curved open arrow) on transverse (A) T,-weighted spin-echo (SE 700/40) and (B) moderately T 2 -
weighted spin-echo (SE 1800/80) images. The intraluminal component of the tumour is well shown in (A) but the destruction of the low-signal bladder
wall (straight arrow) is better demonstrated in (B) Left-sided pelvic lymphadenopathy (n) shown in (A) is obscured in (B). b = bladder; r = rectum.

Fig. 31.51 Multiple confined bladder tumours (t) on transverse T 1 - weighted spin-echo (SE 740/40) (A) pre- and (B) early postgadolinium-DTPA images.
Note the enhancing tumour anterolateral to the left is well visualised but the posterior-based lesions are obscured due to the high-signal effect of normal
concentrations of gadolinium-DTPA. r = rectum; s = seminal vesicles; u = urine.

enhancement of normal structures (Fig. 31.51). Gadolinium-chelate wall and infiltration of adjacent organs, the former being recog-
i s useful in the differentiation of enhancing tumour from non- raised by disruption of the normal low-signal band (Fig. 31.53).
enhancing intraluminal blood clots. The use of intravenous contrast Bladder carcinomas involving only the mucosa and submucosa
has drawbacks. Enhancement within a tumour can make it more (TNM stage TI) cannot be differentiated from those with super-
difficult to identify its outer margin separate from the high-signal ficial muscle infiltration (stage T2). It is sometimes possible to
perivesical fat. Enhancing pelvic lymph nodes and lytic bone metas- distinguish lesions involving only the superficial muscle layer
tases can become less conspicuous on postgadolinium-chelate T 1 - (stage T2a) from those invading the deep muscle (stage T2b),
weighted images. The use of fat suppression sequences helps to based on the preservation of the integrity of the black line of the
rectify these drawbacks and increase the sensitivity for the detection bladder wall remaining intact on T,-weighted images when the
of hone metastases. deep muscle layer is not involved. However, the important clinical

question is whether sufficient bladder muscle is present deep to
MR findings in bladder carcinoma Lesions less than 1.0 cm in the tumour for endoscopic resection to be performed. The ability
diameter cannot be reliably detected on MRI. On T,-weighted to obtain this information preoperatively can make some stage T3
i mages the tumour is usually of medium signal intensity, higher l esions, at present treated by radiotherapy, amenable to endo-
than that of surrounding urine but lower than perivesical fat scopic resection. Stage T3b tumour represents infiltration through
( Fig. 31.52). The tumour size, its intravesical component and the bladder wall into the perivesical fat, with stage T4a disease
extension into perivesical fat are best demonstrated on T,- showing invasion of local organs and stage T4b indicated by
weighted or fat-suppressed T2-weighted scans (Figs 31.49, 31.52). pelvic or abdominal wall infiltration (Fig. 31.54).
Tumours on T2-weighted images, particularly with fat suppression As with CT, MRI relies on enlargement of lymph nodes to
technique, show intermediate signal intensity lower than adjacent demonstrate the presence of metastatic disease within them. This
urine. T2-weighted images show extension through the bladder has the drawback that metastatic tumour will not be identified in
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Fig. 31.53 Extensive stage T3b bladder tumour
(straight arrows) with bilateral obstructive uropathy on
(A) transverse and (B) parasagittal T 2 -weighted spin-
echo (SE 3500/100) images with fat suppression. The
dilated ureters (u) are clearly shown to contain high-
signal urine with no spread of the transitional cell carci-
noma into the ureters. This was suggested on CT (not
shown). There is also ascites (curved arrows) present.

for identification of metastatic disease. Ten millimetres is usually
taken as the upper limit of normal for lymph nodes within the
pelvis (with more refined measurements noted for certain nodal

sites common iliac 9 mm, internal iliac 7 mm, and obturator
8 mm). It should be noted that the maximum short axis diameter of
the lymph node is used for measurement purposes, as it has been
found that this measurement remains relatively constant irrespective
of the orientation of the node in the vertical plane. Central and pos-
terior pelvic nodes (paracervical, perirectal and presacral) are not
usually visualised in normal individuals, therefore when they are

identified they are highly suspicious of nodal metastases

(Fig. 31.55).
Thorough scrutiny of the visualised portions of the lung bases,

liver and bones should be performed to identify distant metastatic
disease. Bone metastases are most conspicuous on T,-weighted

images and can be characterised by correlation with the accom-

panying T2- weighted images.

Post-treatment appearances and recurrent disease Following

treatment with radiotherapy or surgery, there is frequently
oedema, inflammation and fibrosis, with consequent thicken-
i ng of the bladder wall and distortion of the perivesical fat
(Fig. 31.56). Radiotherapy change can persist for up to 2 years
following treatment. Because of this, using MR] or CT to dif-
ferentiate between post-treatment change and recurrent tumour is
frequently unreliable. Comparison with pretreatment imaging is

Fig. 31.54 Metastatic transitional cell bladder carcinoma on a transverse
TI - weighted spin-echo (SE 520/15) image showing a soft-tissue mass in the
perineum (arrow) involving the left corpus cavernosum and left inferior
pubic ramus.

normal-sized nodes, and tumour may be incorrectly diagnosed
within enlarged hyperplastic nodes. In addition, in bladder cancer
lymph nodes can frequently be completely replaced by tumour
without becoming enlarged, resulting in high false-negative rates

Fig. 31.55 Pelvic lymphadenopathy (n) demonstrated on T,-weighted spin-echo (SE 740/40) images in (A) coronal and (B,C) transverse planes in differ-
ent patients. The soft-tissue signal from the lymphadenopathy contrasts well with the signal void from flowing blood within adjacent vessels and high
signal from surrounding fat. b = bladder; p = psoas muscles; t = bladder tumour; arrow = dilated left ureter filled with low-signal urine.



Fig. 31.57 Cyst of Cowper's gland (c) on spin-echo (A) sagittal interme-
diate-weighted (SE 1100/26) and (B) transverse T2 -weighted (SE 2000/80)

i mages. Note that the urethra is well visualised between the anterior
and posterior parts of the cyst in (A). b = bladder; p = prostate; r = rectum; Fig. 31.58 Stage T3a prostate carcinoma (arrow) posterolateral to the
s =symphysis pubis; v = seminal vesicles; straight arrow = urethra; curved right in the peripheral zone infiltrating through the capsule into the ad-
arrow = bulb of penis. j acent neurovascular bundle. p = peripheral zone; c = central gland.

THE BLADDER AND PROSTATE 1011

mandatory in order to identify a new soft-tissue mass at the site of
suspected tumour recurrence, or the presence of new metastatic
disease within lymph nodes or distant organs to indicate progres-
sive disease. Dynamic imaging following gadolinium-chelate has
been shown to help differentiate between radiotherapy change and
recurrent tumour but it requires the construction and analysis of

time-signal intensity curves and is not routinely employed in
clinical practice.

MRI versus CT MRI has been consistently shown to be superior
to CT in demonstration of tumour invasion of the deep muscle
layer of the bladder (stage T2b) and early invasion of the perivesi-
cal tissues (stage T3a). In more advanced disease, CT and MRI
are of similar accuracy for staging bladder cancer. However, while
both CT and MRI rely on alterations in size and contour of adja-
cent organs in order to identify pathological changes, MRI has

Fig. 31.56 Resected stage T1 /T2 bladder tumour with a focal area of wall the advantage that changes in signal intensity also occur within
thickening (straight arrows) and ulcer crater (curved arrow) with no residual those organs. MRI and CT both rely on lymph node enlargement
tumour on a coronal T2 - weighted spin-echo (FSE 3000/100) image with fat to identify metastatic disease but MRI has the advantage over CT
suppression. (1.5 T CE Horizon using a phased-array pelvic coil.)

in that it can differentiate between ectatic pelvic vessels and
enlarged nodes without the need for intravenous contrast enhance-
ment. A recent advance of MRI is in the use of ultrasmall iron
oxide particles (USIOP) (particle size of 20 nm), which are
injected intravenously and taken up by normal and hyperplastic
lymph nodes, producing a signal void (a superparamagnetic
effect). Tumour-replaced nodes fail to take up the contrast and
retain their signal characteristics (see p. 1007).

Prostate
Normal appearances The normal prostate has a homogeneous
l ow-intermediate signal on T i - weighted images (Fig. 31.57).
Zonal anatomy is best demonstrated on T,-weighted images. It

comprises a low-signal central zone and a higher signal peripheral
zone (Fig. 31.58). The transitional and central zones appear of
similar signal intensity and are loosely termed the central gland.
The prostate does not have a well-defined capsule but is enveloped
by a variable band of condensed fibromuscular tissue. The peri-
prostatic venous plexus can be visualised as a thin rim of high

signal intensity anterolateral to the peripheral zone (Figs 31.59,
31.60). Denonvilliers' fascia can be resolved on sagittal images
separating the pr static from the rectum. The neurovascular
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Box 31.3 TNM staging of prostate carcinoma

Tl Clinically inapparent tumour not palpable nor visible by imaging
T2 Confined to the prostate
T2a Involves one lobe
T2b Involves both lobes
T3a Extracapsular extension
T3b Invades seminal vesicle
T4 Fixed or invades adjacent structure other than seminal vesicles:

bladder neck, external sphincter, rectum, levator muscles, and/or
pelvic wall

N1 Regional lymph node metastases
M1 Distant metastatic disease

more extensive disease are usually treated with external beam

radiotherapy and hormone treatment.

Fig. 31.59 Transvese T
2
-weighted spin-echo (SE 2000/80) image Following treatment, monitoring of the .serum prostate-specific

through the prostate of an 80-year-old patient. Note that there is no antigen (PSA) is performed. Patients with rising PSA levels or
differentiation between the central and peripheral zones due to benign others who are suspected of having recurrent disease have imaging
prostatic hypertrophy. p = prostate; r = rectum; s = symphysis pubis evaluation of the skeleton using isotope bone scintigraphy, and of
arrows, periprostatic venous plexus.

the lower spine and pelvis using MR1.

Staging The International Union Against Cancer (IUCC) system
i s used to stage prostate cancer (Box 313). The usual pattern of
spread is direct extension through the prostatic capsule into the
bladder base and seminal vesicles. The presence of Denonvilliers'
fascia prevents direct spread to the urethra and rectum unless
there is extensive disease. The deficiency of the capsular conden-
sation of fibromuscular tissue at the apex of the gland increases
the likelihood of extracapsular extension occurring here.

Lymph node metastases initially occur in the local pelvic nodes.
particularly the obturator nodes, and in the retroperitoneal nodes in
more advanced disease. Distant metastases occur most frequently to
bone, particularly that in the lumbar and thoracic spine because of
the communication between the periprostatic venous plexus and the
presacral veins. Bone metastases also occur in the appendicular
skeleton, ribs and skull.

The majority (9590) of prostate cancers are adenocarcinomas.

Fig. 31.60 Benign prostatic hypertrophy (p) on a fat-suppressed coronal although other malignant tumour types do occur. notably transi-
T 2 -weighted spin-echo (FSE 3500/100) image. Arrows = periprostatic tional and squamous cell carcinoma. Within one gland, foci of
venous plexus. (1.5 T IGE Horizon using a phased-array pelvic coil.) tumour with different degrees of differentiation can occur. Poorly

differentiated tumours tend to have a worse prognosis. The Gleason
bundles are sited posterolaterally at 5 and 7 o'clock positions on system of grading the degree of malignancy calculates the sum of
transverse sections of the prostate. Within this neurovaseular the two predominant histological types within the gland and attrih-
bundle are the nerves supplying the corpora cavernosa of the utes each one a score out of 5, giving a sum of between 2 and 10,
penis and the external urethral sphincter, the preservation of Glands with a score of 10 contain the most undifferentiated honour
which is critical for nnaintaining erectile function and urinary and therefore these patients have the worst prognosis.
continence.

Technique I maging technique is outlined in the Royal College of

Prostate cancer Radiologist booklet A Guide to the Practical Use o/ MR in
Oncology. The patient should empty his bladder prior to the

Purpose of imaging MRI is used to stage the extent of prostate examination. If available, a pelvic phased-array coil should he
cancer once the diagnosis has been established and to identify the used for evaluation of the whole pelvis and abdomen. An endorec-
presence of recurrent disease following treatment. It is important tal coil can be employed. This improves the spatial resolution
to realise that MRI is not used in the primary diagnosis of prostate within the area adjacent to the coil and can improve the accuracy
cancer. This is usually established following biopsy at transrectal in determining extracapsular extension of tumour: therefore,
ultrasound. endorectal coils are most valuable in the evaluation of early stage

The main role of MRI in staging prostate cancer is to determine disease. They have the drawback of a limited field of view and
whether disease is limited to the prostate gland. Debate still exists near-field artefacts, and being invasive. Some MRI systems
about the optimum treatment modality for limited disease, the combine pelvic phased-array and endorectal coils and. although
choice being between nerve-sparing radical prostatectomy , radical not widely employed, these should help to resolve some of the
external beam radiotherapy, or prostate brachytherapy. Patients with drawbacks of endorectal coil imaging. Transverse and coronal



Fig. 31.63 Stage T4a prostatic carcinoma (arrow) infiltrating the bladder
base on a fat-suppressed coronaf T2 -weighted spin-echo (TSE 3500/100)
i mage. This tumour was not detected on transrectaf ultrasound examina-
tion (not shown). (1 .5 T Philips Gyroscan using the body coif.)

Fig. 31.61 Muftifocaf prostatic carcinoma (curved arrows) in the left
peripheral zone with associated benign prostatic hypertrophy on a trans-
verse T 2 - weighted spin-echo (FSE 4000/104) image. Note the area of high
signal (straight arrow) in the more posteriorfy placed tumour due to haem-
orrhage from recent biopsy.

Fig. 31.64 (A,B) Mucin-secreting adenocarcinoma of the prostate (straight arrows) extending through the capsule with a large right pelvic nodal metas-
tasis (n) on transverse T2 -weighted spin-echo (SE 2000/100) images. Note the similar high signal from the primary prostatic tumour and nodal disease.
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large field of view T,-weighted images of the abdomen and pelvis

are obtained in order to evaluate the upper abdominal viscera, par-

ticularly the kidneys, for the presence of hydronephrosis, to iden-

tify any lymph node enlargement and the presence of hone

metastases.

'Transverse, coronal and sagittal small field of view T2-weighted

images of the pelvis are obtained in order to demonstrate the local

and regional extent of tumour and to reconfirm the presence of

lymph node metastases. Sagittal and coronal images are particularly

useful for evaluating the bladder base and extension of spread into

the bladder neck and seminal vesicles.

As in bladder cancer, the use of gadolinium-chelate is not

mandatory. Tumours in the central zone can appear more conspicu-

ens following contrast enhancement. A dynamic examination may

help to identify localised extracapsular spread as prostate cancer

enhances earlier than normal tissue. In addition, work has shown

that there is a correlation between enhancement characteristics and

the grade of the tumour. Fig. 31.62 Prostatic carcinoma (stage T2) in the right peripheral zone
(arrow) abutting onto the capsule on a fat-suppressed transverse T z

-weighted spin-echo (TSE 3500/100) scan. Note the coincidental benign
prostatic hypertrophy. (1 .5 T Philips Gyroscan using the body coif.)
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MR findings in prostate cancer It is re-emphasised that MRI is
not used for the diagnosis of prostate carcinoma. A normal-
appearing prostate gland on MRI does not exclude the presence of
a tumour. Conversely, a number of conditions can produce
findings that mimic the presence of tumour. Benign prostatic
hypertrophy which occurs in the transitional zone can be marked
and give rise to a very heterogeneous appearance of the gland.
Prostatitis and artefacts from haemorrhage and oedema, sec-
ondary to recent biopsies, can also cause confusion (Fig. 31.61).

Approximately 70% of tumours arise in the peripheral zone, 20%
i n the transitional zone, and 10% in the central zone. The usual

pattern is of a single focus of low signal intensity on the T2-weighted images seen within the peripheral zone but tumours can

be multifocal or diffusely infiltrating (Figs 31.61-31.63).
Confusingly, up to a third of low-signal areas within the peripheral
zone on T,-weighted images may not be due to tumour and repre-
sent fibrosis or other benign pathology. In addition, the carcinoma
may be isointcnse or hyperintense compared with the peripheral
zone, the latter found in rare mucin-producing adenocareinomas Fig. 31.66 Recurrent rectal carcinoma (t) infiltrating an enlarged prostate
(Fig. 31.64). Tumour occurring in the transitional zone cannot be (p) from benign prostatic hypertrophy. b = bladder, curved open arrow =

perforation into the perirectal fat space; straight arrows - thickened leftreliably distinguished from the heterogeneous signal due to benign
perirectal fascia.

prostatic hypertrophy.
Extension of the tumour through the capsule is usually adjacent

to the neurovascular bundles, at the sites of nerve penetration of the the prostate from primary tumours of the bladder or rectum can also
capsule (perineural infiltration). Macrocapsular penetration (arhi- be demonstrated (Fig. 31.66). T 1 - and T,-weighted images can be
trarily defined as tumour extending more than 2 mm beyond the used for the detection of lymph node metastases. As with CT, MRI

capsule) can be assessed on MRI, and is shown as focal thickening relies on enlargement of lymph nodes to demonstrate the presence

and/or bulging of the capsule (Fig. 31.65). Periprostatic infiltration of metastatic disease within them.

can be demonstrated on T,-weighted images as a low signal within Thorough scrutiny of the visualised portions of the lung bases,
the periprostatic fat or as an intermediate signal using T 2 - weighted liver and bones should be performed to identify metastatic disease

fat-suppressed scans. Tumour extension into the seminal vesicles, and to evaluate the presence of hydronephrosis. Sclerotic bone

recognised as an alteration of signal as well as surface contour, is metastases from prostate cancer are frequently of low signal on T1-best demonstrated on transverse and coronal T,-weighted images. and T 2-weighted images.

Extension of tumour into the bladder and rectum is best appreciated
post-treatment appearances and recurrent disease After irra-

on transverse and sagittal T
2 - weighted scans. Direct infiltration of diation or hormonal therapy, the prostate often becomes low

signal on T-,-weighted images, an appearance that should not be
confused with tumour recurrence. The seminal vesicles can also
become deformed and show low-signal change but may retain
small focal areas of high-signal fluid. After a time, the peripheral
zone of the prostate may revert to its normal high signal on T_
weighted images.

Following treatment, a patient with prostatic carcinoma is moni-
tored for recurrent tumour by serial serum PSA levels. Patients with
rising levels normally have evaluation with isotope bone scintigra-
phy, to identify disease in the skeleton, and MRI, to identify disease
i n the residual prostate or prostatic bed, and lymph node enlarge-
ment within the pelvis and retroperitoneum. The presence of an
irregular new low-to-intermediate signal intensity mass on the T2-weighted images is highly suspicious of recurrent disease.

Reference to previous imaging is, of course, very useful and recom-
mended.

MRI versus transrectal ultrasound Transrectal ultrasound has
established an essential role in the initial evaluation and biopsy of
suspected prostate cancer; however, the results for its accuracy in
staging, particularly predicting capsular penetration and seminal

Fig. 31.65 Stage T3a prostatic carcinoma extending through the capsule
vesicle invasion, have been variable. Transrectal ultrasound has

(arrow) posterolaterally to the left with involvement of the adjacent neu- the limitation of being operator-dependent and dependent on the
rovascular bundle on a fat-suppressed transverse T.-weighted spin-echo quality of the ultrasound machinery available. It cannot evaluate
(TSE 5000/117) i mage. (1.5 T IGE Horizon using a phased-array pelvic coil.) l ymph node enlargement on the pelvic side-wall or retroperi-
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Cowper's glands These paired glands are embedded in the uro-
genital diaphragm and drain via duets of variable length (from a
few millimetres to a few centimetres), which run anteroinleriorly
on to the ventral surface of the perineal part of the bulhar urethra.
They may he opacilied during urethrography in the presence of
strictures or inflammation. The duets to the glands may he con-
genitally dilated (Cowper's duct syringoeele ). usually asympto-
matieally but on rare occasions associated with urcthral
obstruction.

Other congenital urethral lesions The urethra is rarely dupli-

cated congenitally, usually in the sagittal plane. The accessory
urethra terminates along the shaft oh the penis and is usually
hlind-ending, although if it conunutnicates with the bladder it is
associated with continuous incontinence. Variable narrowing of
the urethra may occur, ranging from mild stenosis to complete
atresia. The more severe forms are lethal, associated with obstruc-

tive renal failure and potter's syndrome unless there is a persistent
patent urachus or rectovesical fistula to decompress the system.

Posterior urethral valves I n this condition there is anomalous
development of mucosal folds that obstruct the distal prostatic

urthra i n males. They manifest as bladder outflow obstruction
of varying severity, the most extreme producing bilateral

hydronephrosis , renal failure and Potter's syndrome. The milder
forms present with lesser degrees of outflow obstruction and poor
urinary stream. Micturating cystourethrography demonstrates
dilatation oh the prostatic urethra and a well-defined linear filling
defect obstructing the urine flow.

Mullerian duct remnants The caudal part of the mullerian duet

i n the male becomes obliterated (apart from the caudal tip, which
persists as file verumontanum). Incomplete obliteration may give
rise to cysts between the bladder and the rectum. These may be
ac mptomatic or present with frequency, infertility, urinary
obstructive symptoms or deep pcrineal pain on micturition or
defecation. A cavity communicating with the posterior urethra
derived from the caudal mullerian duct may he seen (prostatic
utriele) and is considered the male homologue of the uterus.
Again this may be asymptonnatic but is often associated with

maldevelopment of the genitalia (hypospadias. eryptorehidism , I n developed countries these are most often traumatic in origin,
intersex . etc.) and nay lead to urinary tract infection and ealeuli sometimes inflammatory and rarely neoplastic .
due to the presence of stagnant urine.

These lesions may he demonstrated as cystic structures on CT, Inflammatory I nflammatory urethral strictures may develop fol-
mRl and transreetal ultrasound.urethrography may demonstrate l owing urethritis. Classically it follows gonoeoeeal urethritis but

an extrinsic mass with a mullerian cyst or a communicating narrow- i s occasionally seen following non-specific urethritis with organ-

necked, often irregular. cavity within the prostate utriele. i sms such as Chlamydia trachomrtis . Urethrography should he
avoided while there is active urethritis but on rare occasions the

Hypospadias I n this congenital malformation the urethra let - - features of urethritis are observed on urethrography and include
urinates on the ventral surface oh the penis, abnormally proxi- contrast filling of the periurethral glands and multiple small
math. The meatus is found anywhere from just proximal to its sessile filling defects due to polypoidal mueosal hype - plasia (ure-
normal site back as far as the perineum in severe eases. There thritis eystica) especially with gonorrhoea.
i s an association with other urinary tract anomalies and un- The stricture is typically situated in the anterior urethra
descended testes. The anatomy is best demonstrated with tire- (Fig. 32.1 ), most commonly in the proximal bulbar urethra.

I hroaraphy but this may be difficult as the meatus is abnormal and Strictures may be multiple and of any length. Tuberculosis is a rare
usually narrowed, resulting in upstream urethral dilatation, often cause, being seen in the urethra in 2 1/ or less of urinary tract tuber-
uithsecondaryinfeetion. eulosis. It almost always arises from a focus elsewhere in the
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This is almost entirely restricted to the male, being exceptionally

rare in the female urethra unless there is very major pelvic trauma.
It should be suspected if pelvic trauma is associated with urinary
retention or haematuria, especially blood at the urethral meatus.
I nvestigation is with careful ascending urethrography, which will
demonstrate the presence and extent of the injury and atlas
classification into trauma to the posterior or anterior urethra.

Posterior urethra This is traumatised in around I0%%: of anterior
pelvic fractures. A formal classification for posterior urethral
i njuries has been described on the basis of urethrographic findings
(

Table 32.1). In the mildest type of injury (I) there is only contun sion or partial tear of the membranous urethra and no extravasa-

tion. The bulhar urethra appears normal or stretched if the bladder
i s elevated by hacniatoma. The commonest injury is the type II.
with rupture at the prostatic apex (prostatomembranous junction)
imm ediately above the urogenital diaphragm (UGD) with sparing
of the UGD itself. Extravasation therefore occurs into the retro.
pubic space but cannot extend into the perineum and the bulbar
urethra is intact. In the type III injury the membranous urethra
ruptures at the bulbomembranous junction below the UGD. which
itself is disrupted. The bulbar urethra is often also ruptured.
Contrast extravasation is in the direction of least resistance and
i nto the perineum (Fig. 32.4).

There may he some bladder tilling on the retrograde urethro-
gram, allowing a diagnosis of partial or incomplete posterior ure-
t hral rupture to he made. Complete rupture is associated with
absence of bladder tilling. Around two-thirds of type II injuries
i nvolve complete urethral rupture: one-third are partial. Type III are
more severe and virtually always complete. While partial urethral
tears usually heal uneventfully, complete tears are much more likely
t o he associated with adverse sequelae such as urethral strictures
( usually less than I cm or so in length). impotence (up to around
I0%) or incontinence (2°/r).

Table 32.1 Male posterior urethral injuries

Type Membranous Bulbar Contrast extravasation

urethra urethra

Perineum Retropubic

space

I Contusion or Normal or No No
partial tear stretched

II Rupture Normal or No Yes
above urogenital stretched
diaphragm

I II Rupture Ruptured Yes No
below urogenital
diaphragm

Fig. 32.3 Multiple short tight anterior urethral strictures following
attempted self-catheterisation with a knitting needle and resultant gross
urethritis.

Fig. 32.4 Micturating cystogram following extensive posterior urethral
trauma showing gross urethral disruption at the level of the urogenital
diaphragm and florid extravasation into the perineum.

Accidental injuries to the posterior urethra are frequently associ
ated with subsequent stricture development, usually associated with
complete transection of the urethra. They are generally short (less
t han 2 cm long) and solitary.

Strictures may he associated with pseudodiverticula and peri
urethral abscesses developing upstream. Fistulas, sinuses, urinals
extravasation and false passages (especially following iatrogenie
trauma) may also occur.

Fig. 32.1 Urethrogram demonstrating short postinflammatory stricture
at the junction of the bulbar and penile urethra.

Fig. 32.2 Descending urethrogram in a male. The entire length of the
urethra is demonstrated as the bladder empties. The prostatic urethra is a
little distended in this example due to a short stricture at the junction of
the membranous urethra and the bulbar urethra following a traumatic
urethroscopy.

urinary tract, usually renal, sometimes as a result of direct exten-
sion of infection from the prostate or perineum. If severe, this may
be associated with multiple urethropcrincal fistulas. Rarely stric-
tures may be seen following severe, usually chronic, urethritis from

almost any cause, including seronegative athritides (Reiter's syn-
drome) and syphilitic and chemical urethritis. This latter condition
arises from therapeutic instillation of chemicals into the urethra (for
example, podophyllin or 5-fluorouraeil for the treatment of condy-
l oma accuminata). Formerly common, it is now rare.

Traumatic This may follow iatrogenic or accidental trauma.
latrogenic strictures most commonly follow catheterisation (trau-
matic, failed or prolonged) and are usually at fixed narrowed
areas, particularly the level of the membranous urethra and peno-
serotal j unction. They may also he seen following instrumenta-
tion and urethral surgery (Fig. 32.2). They may he single or
multiple (Fig. 32.3) and of variable length but are usually short.



Fig. 32.6 Transverse post-gadolinium T I - weighted image showing inva-
sion of the penile bulb and muscles of the right side of the pelvic floor by
urethral carcinoma.

Benign tumours Fibroepithelial polyps are occasionally encoun-
tered, usually in children, sometimes in young adults. They
appear as finger-like processes 1-2 cm long originating near

t he verumonlanum and present with intermittent outflow
ohstruction.

Transitional and squamous cell papillomas are benign mesen-
ehymal ncoplasms lined with urothelium which may he metaplastic.

f n the male they may he seen in the prostate urethra (and may he
associated with bladder papillomas) but are most often situated in

the fuse nasicularis and parameatal area. In the female they are
usually found in the distal third of the urethra (urethral cal-uncles).

They usually present between 20 and 40 years of age with haema-turiaand/or discharge. They are seen as smooth solitary or multiple
tilling defects on urethrography.

Urethral carcinoma This rare tumour is also unusual in being
encountered more frequently in females than males.

In the female it has a peak incidence around 40-60 years and is
usually associated with chronic inflammation and may be associated
with fibrous polyps and caruncles. It presents with blood appearing at
the urethral meatus and symptoms of irritation and obstruction.
Seventy-five per cent are squamous cell carcinomas and most of the
rest are transitional cell carcinoma. Adenocarcinoma is occasion-
ally encountered and arises from urethral divcrticula, presumably
reflecting the origin of the diverticulum from an infected pararurethral
(Bartholin's) gland. Carcinoma appears as one or more serial irregular
filling defects within the urethra on urethrography or as an irregular
stricture. Lymph node metastases occur before blood-borne spread.
t he distal third of the urethra metastasising to superficial and deep
i nguinal lymph nodes, the proximal two-thirds to the external and
i nternal iliac lymph nodes.

I n the shale the peak incidence is above the age of 50. It can he
regarded as two different conditions. In the UK the commoner is
carcinoma of the prostatic urethra, usually transitional cell carci-
noma. It has a strong association with bladder transitional cell car-
cinoma, especially with previous resection. Carcinoma in the
remainder oh the urethra (membranous,bulbar and penile) is
strongly associated with chronic urethral inflammation (including
sexually transmitted disease) and strictures (present in up to 75% of
patients). As with carcinoma of the female urethra, approximately
75% are squamous cell carcinoma, most of the rest are transitional
cell carcinoma and adenocarcinoma is occasionally seen.
Presentation is usually with insidious onset of poor urinary stream,
haematuria and serosanguinous discharge. On urethrography carci-
noma appears as a well-defined filling defect: it may he eccentric or
circumferential and may he associated with irregular stricturing.

Metastatic spread is virtually always via the lymphatics. the penile
urethra metastasising to the deep inguinal and external iliac lymph
nodes. the bulbar and posterior urethra to the internal iliac and
obturator lymph nodes.

MRI is the favoured modality for staging uretIral carcinoma in
both sexes because of its better demonstration of the soft-tissue
anatomy of' the perineum. A formal TNM staging system is
available, the salient features of which are: TI t umour invading

subepithelial connective tissue: 'I'2-tumour invading any of peri-
urethral muscle, corpus spongiosum or prostate: T3 tumour invad-
i ng any of bladder neck, corpus cavernosum, anterior vagina: and
T4 tumour invading any of the other adjacent organs. including

the bladder (Fig. 32.6).

Urethral metastases Metastases from distant primmaries to the
urothelium of the urethra is excessixely rare. The urethra is more

Fig. 32.5 Ascending urethrogram following a classical straddle injury
showing marked extravasation of contrast from a partial anterior urethral
tear.

Anterior urethra ' this is most commonly damaged during
attempted catheterisation or instrumentation. usually iatrogenically
occasionally self-inflicted). In the communhity it is usually associ-
ated with blunt perineal trauma when the bulbar urethra and corpus

spongiosum are compressed against the inferior aspect of the ante-
rior pelvic ring (straddle injury). The injury is not usually associ-
aled with a fracture . then may

,
he urethral contusion only or somc

degree of rupture. either partial or complete (Fib. 32.5). In partial
rupture the proximal urethra is demonstrated, while in complete
rupture there is an abrupt discontinuity at site of rupture. Extra-

vasation i s associated with both partial and complete rupture and

contrast may enter the corpus spongiosum and veins. Even con-

t usion alone may lead to subsequent .stricture but this is more
eommon with any degree of rupture, especially complete.
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Fig. 32.7 (A) Postmicturition film from
an iVU series showing a urethral calculus
and gross detrusor hypertrophy due to
secondary bladder outflow obstruction.
(B) Urethrogram (different patient)
showing a filling defect due to a urethral
calculus within the prostatic urethra.

commonly involved by direct spread of turnout- from adjacent
organs, most often carcinoma of the bladder or rectum, occasion-
ally prostate, vagina or cervix.

Urethral diverticula These are rarely congenital, when they are
classically saccular and situated in the midpenilc urethra. They
are associated with high-grade obstruction in children and are
difficult to distinguish from urethral valves.

Acquired diverticula are strictly speaking pseudodiverticula, as
The commonest urethral tilling defects are calculi and tumours t hey are lined with fibrous tissue or inflammatory cells rather than
(usually benign, occasionally carcinoma and rarely metastases). urothelium. They are inflammatory in origin and may develop from
Other less common causes include the occasional urethral equi-
valent of inflammatory conditions seen elsewhere in the urinary
tract (malacoplakia, urethritis cystica and the swollen mucosa of
urethritis) and condyloma acuminata.

Condyloma acuminata (venereal wart) is due to a DNA papillo-
mavirus and appears as a dermal wart on the genitals and around
the anus. Condylomas may extend into the anterior urethra, where
they appear as multiple sessile filling defects on urethrography. This
procedure, however. may be associated with retrograde seeding of
the infecting agent into the bladder and is best avoided if the diag-
nosis is suspected in advance (as is any form of urethral catheter-
isation). There is an association with squamous cell carcinoma of
the vulva.

Urethral calculi Urethral calculi are uncommon and over 90%
originate in the kidney or bladder. They may present with sudden
obstruction of the urine flow or more chronic symptoms of ure-
thritis, dysuria and poor stream. A minority originate in the
urethra in association with a structural abnormality (usually stric-
tures or diverticula). They enlarge slowly and present with symp-
toms of prostatism.

Although most urethral calculi are radiopaque, they are often
overlooked as they are frequently not suspected and are situated
over hone on radiographs, or even off the film entirely. In the
female urethra they are usually seen in a midurethral diverticulum;
i n the male they are generally found around the junction of the pro- Fig. 32.8 Cystourethrogram showing a substantial sinus from the
static and membranous urethra (Fig. 32.7). posterior aspect of the urethra following rectal surgery.



Fig. 32.9 Coronal T2 - weighted MR image showing a sinus from the base of the penile urethra down into the scrotum.

Fig. 32.10 Sagittal T,-weighted (A) and T.-weighted (B) MR images in a patient with Nunan's syndrome showing male external genitalia and a uterus .
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an abscess in the paraurethral glands or within the prostate. Urethral fistulas and sinuses These form if there is an impedi-

Meehanical causes play a part and they may develop immediately ment to closure after urethral rupture or laceration. They may be

upstream of a urethral stricture or following pressure necrosis with a secondary to rectal or gynaecological surgery, obstetric injury,

l ong-term urethral catheter, usually on the inferior wall of the urethra radiotherapy and some inflammatory lesions (Crohn's disease.

at t he penoscrotal junction. Stasis of urine may lead to secondary periurethral abscess, tuberculosis) or with strictures or carcinoma.

i nfection and calculus development. If they become large enough They may end in the soft tissues of the perineum or continue on to

they may elevate the bladder base. They may be demonstrated on the skin of the perineum or penis. Alternatively they may commu-

urethrography or ultrasound (transvaginally in the female), the latter nicate with the rectum, colon, vagina or uterus. Conventionally

having the advantage of avoiding radiation. diagnosis is with sinography or micturating cystourethrogram
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(Fig. 32.8), which will show an irregular track that may lead into
an irregular cavity or into another viscera. MRI is also useful to
show the fistulous track (Fig. 32.9) and (together with CT) may
demonstrate the underlying cause.

Ambiguous genitalia and intersex This is a complex situation
with a wide variety of phenotypes. Specialist chromosomal,
endocrine and clinical assessment are required and the radiolo-
gist's role is generally to assist with the determination of which
internal pelvic structures are present and which associated con-
genital abnormalities exist, in particular within the urinary tract.
Ultrasound and MRI (Fig. 32.10) are the preferred modalities,
both to avoid ionising radiation and to demonstrate optimally the
soft-tissue anatomy.

Undescended testicle (cryptorchidism) I n the majority of prepu-
bertal males the testes may normally be retractile into the groin
because of the cremasteric muscle reflex. If, however, the testicle
can never be located within the scrotum, it can be considered
undescended. An undescended testicle most commonly lies in
the inguinal canal (canalicular). Otherwise it may lie higher up Fig. 32.11 Transverse ultrasound showing an atrophic undescended
along the normal line of descent (abdominal testicle) or in a site testicle (arrows) lying in the inguinal canal.

away from the normal line of descent (ectopic). Most abdominal
testicles lie just proximal to the inguinal ring, although they may
lie further cranially within the pelvis or retroperitoneum. Ectopic

Ultrasound can be regarded as the first-line investigation to locate

uncommon and are most often found in the superficial
an undescended testicle, being quick and able to locate the testicletesticles are uncom

inguinal pouch, occasionally coming to lie in the femoral canal,
at its commonest sites (within the inguinal canal orjust proximal to

suprapubic fat pad, the perineum and the opposite scrotum.
it ). The testicle may look relatively normal, although the longer it

Failure of descent by the age of 2-3 years is associated with
bas been undescended the more likely it is to be small, atrophic and

abnormal development of the testicle and this is particularly severe
echo poor (Fig. 32.11 ). If the testicle cannot be identified on ultra

i f it continues beyond puberty. Consquently undescended testes sound, a more extensive search may be performed with MRI. This
may be atrophic with poor spermatogenesis. A small proportion of is a better modality than CT as it avoids radiation and the testicle

undescended testes (5%) are not found even at Surgical exploration.
shows a conspicuous high signal on T weighted and STIR

While some of these may be true agenesis, it is distinctly possible
sequences (Fig. 32.12). Testicular pblebograpby or artcriography

that a number are so severely atrophic that they cannot be located.
bas been employed in the search for undescended testes. If both

Testes that remain undescended (especially abdominal testes) in ultrasound and MRI are negative it is unlikely that these angio

boys above the age of 5 years also suffer from an increased inci- graphic procedures will detect the missing organ, as it is probably

dence of malignant neoplasia, up to 40 times normal, usually with absent or extremely atrophic. This is particularly the case if the

the development of seminoma. There is also an increased risk in patient is above 30 years old.

the contralateral, normally descended testicle. Other associations of Patent processus vaginalis Failure of closure of the processes
undescended testes include abnormalities of Wolfian duct-derived vaginalis after testicular descent results in a persistent communi-
structures, for example seminal vesicle cysts and agenesis. cation between the peritoneal cavity and the scrotum. This may

Fig. 32.12 Transverse STiR i mages from MRI examinations of patients with undescended testicles (arrow) in the proximal end of the inguinal canal (A),
suprapubic pouch (B) and pelvis (C).



surround the testicle). A hydrocele may develop as a result
of infection (epididymo-orchitis), trauma, malignant testicular
tumour or infarction (including torsion). In most cases, however,
an underlying cause for the hydroccle cannot be found.

When infection is a cause there are usually obvious clinical and
radiological features of epididymitis. The hydrocele may demon-
strate internal echoes (Fig. 32.14), especially on the rare occasions
when infection is sufficiently severe for frank pus (pyocele) to
develop. The commonest infective organisms are usually bowel-
related Gram-negative bacilli but a variety of other agents may be
responsible, although now tuberculosis is rare. Chronic infective
hydrocele (especially tuberculous) may be associated with consid-

erable calcification of the tunica (Fig. 32.15).
Following trauma a haematocele (haernorrhagic hydrocele) will

also exhibit considerable echogenicity.

Cysts Simple cysts are extremely common in the scrotum. They
may be seen at any age from adolescence onwards but are most
common in the elderly. The majority are seen in the epididymis.
particularly in the upper pole, and they may be single or multiple.

transmit disease processes (for example ascites) or become the
site of a hernia. Incomplete closure of the processus may lead to a
developmental cyst, usually in the upper scrotum or inguinal

region.

Hydrocele A hydrocele is the formation of fluid between the two

layers (visceral and parietal) of the tunica vaginalis. Ultra-
sonographically it is seen as an echo-free area (Fig. 32.13) partly
surrounding the testicle (in comparison to cysts, which do not

Fig. 32.14 Ultrasound showing an infected, partly septated echogenic
hydrocele.

Fig. 32.13 Ultrasound demonstration of a hydrocele seen as an echo-
free area partly surrounding a normal testicle.

Fig. 32.15 Ultrasound (A) showing dense peripheral calcification around the exterior of a chronic inflammatory hydrocele. This is also visible on the plain
fil m (B).
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Fig. 32.17 Ultrasound of infected epididymal cyst showing debris and
fluid level.

Fig. 32.18 Ultrasound of well-defined spermatocele with slightly echo-
poor contents.

On ultrasound they show the classical features of cysts elsewhere
i n the body, being anechoic, showing distal acoustic enhancement
and having no appreciable wall thickness (Fig. 32.16).

Haemorrhage or infection may alter the appearance of a pre-
existing cyst to show some degree of echogenicity, occasionally
with a visible fluid level (Fig. 32.17). Alternatively infection or
trauma (including vasectomy) may provoke the creation of a cystic
l esion with internal echoes, partly due to the presence of spermata-
zoa (spermatocele, Fig. 32.18). These again are more common in
the upper pole of the epididymis.

Varicocele Dilatation of the network of veins draining the testicle
i s described as a varicocele. They are extremely common (up to
8-16% of the male population), and usually asymptomatic, often
being discovered incidentally on clinical or ultrasonographic
examination for other conditions. There is a possible association
with subfertility, reported in 21-39% of males being investigated
for subfertility. They are most frequent between 15 and 25 years
of age, almost always left-sided and, when symptomatic, present
with scrotal aching and/or soft scrotal mass. Classically these
symptoms worsen during the day while the patient is upright.
Occasionally they present relatively acutely as a manifestation of
a renal carcinoma. Treatment may be offered for discomfort or as
part of the management of subfertility.

On ultrasound varicoceles are seen as a leash of predominantly
echo-free serpiginous structures measuring more than 2 mm
maximum diameter (Fig. 32.19). Visible flow may he seen within
l arger varicoceles on conventional ultrasound. Confusion with cysts
i s unlikely, even when the varicocele is small, but confirmation of
their nature can he obtained with slow-flow Doppler Ultrasound.
Their prominence is increased in the upright position and with the
Valsalva manoeuvre, although this is not routinely required to make
the diagnosis.

Fig. 32.19 Ultrasound of varicocele seen as echo-free serpiginous structures.

The vast majority of varicoceles are described as primary and are
presumed to be due to developmental abnormalities of the valves
and/or the veins themselves. This is far more likely on the left,
where at least 95% are encountered. A minority occur secondary to
a lesion compressing or occluding the testicular vein. The classical
cause is a left-sided renal cell carcinoma extending along the renal
vein as far as the termination of the testicular vein, hut benign (for
example, hydronephrosis) and other malignant conditions (includ-
i ng abdominal lymphadenopathy) can provoke a varicocele on
either side. There is a higher risk of an underlying cause, particu-
l arly a tumour if the varicocele is of recent onset with an acute pre-
sentation, the patient is older than 40 years, it is right-sided and is
unchanged with provocative manoeuvres.

Treatment of varicoceles is usually for persistent discomfort or as
part of the treatment of suhfertility and is by percutaneous emboli-
sation or surgery. Direct surgical ligation of the testicular vein (by
open operation or laparoscopy) should have a low primary failure
rate (of the order of I % ) with a recurrence rate around I6% .
Surgery, however, is more traumatic than percutaneous embolisa-
tion and is associated with specific risks not encountered with the
alternative procedure, in particular damage to the testicular artery
and resultant infarction.

The total failure rate for percutaneous embolisation (Fig. 32.20)
i s comparable with that for surgery, although the technical failure
rate may be higher (6-I2%% ) and the recurrence rate similar or lower
(4-16%). Morbidity should be minor and infrequent, up to 10%
experiencing transient discomfort in the loin or scrotum on the side
of the varicocele, with few other symptoms.

Postvaseetomy epididymis Numerous individuals have had a
vasectomy and many will undergo subsequent scrotal ultrasound
for one reason or other, often unrelated to the vasectomy. In these
patients the epididymis often appears thickened and slightly echo-
poor (Fig. 32.21). These findings can almost be regarded as varia-
tions of normal and are not usually related to any specific
symptoms.

Epididymitis I nflammation of the epididymis, usually due to

ascending infection with Gram-negative bacilli (E. coli, etc.) or
Chlamydiu , i s extremely common. It is particularly seen in young
adult males, with a second peak in late middle age and the elderly,

Fig. 32.16 Ultrasound showing (A) a classical echo-free well-defined
thin-walled solitary epididymal cyst and (B) a cluster of simple cysts.
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Fig. 32.20 Testicular phlebography and percutaneous embolisation of
varicocele. The testicular vein in this patient has a wide termination un-
protected by a valve and at least one small accessory connection to the
renal vein (A). The catheter is manipulated into the distal testicular vein
(B) to commence deploying the coils (C).

when it may be associated with cystitis and/or prostatitis in asso-
ciation with benign prostatic disease and bladder outflow obstruc- fig 32.21 Ultrasound showing typical postvasectomy echo-poorged

epi epididymis.
Lion. The clinical presentation varies in severity and acuteness
from mild pain, tenderness and scrotal swelling to a severe pyrex- On ultrasound the epididymis shows swelling, often nodular and

ial illness with marked scrotal pain and swelling. Although particularly affecting the lower or upper pole. There is often diffuse

usually asymmetrical, epididymitis is not uncommonly bilateral. or patchy reduction in echogenicity, although sometimes the epi-
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Fig. 32.23 Ultrasound of severe orchitis. The bulk of the testicle shows
diffuse reduction in echogenicity. The heterogeneous area in the lower pole
represents a developing abscess.

Fig. 32.22 Ultrasound of aggressive epididymitis showing a hetero-
geneous mass with areas of reduced and increased echogenicity adjacent to
the lower pole of the testicle.

Extratesticular tumours These are rare and usually benign; the
most common is the adenomatoid tumour of the epididymis,
which is a benign hamartoma, most frequently seen in the tail. It
varies in size from about 5 to 50 mm and is of similar or slightly
increased echogenicity compared with normal testicle.

Others include benign neoplasms. such as mesenchymal tumours
(leiomyoma, fibroma, lipoma), adrenal rests and benign meso-
thelioma. This latter condition arises from the tunica vaginalis. It
produces small paratesticular hypcrechoic masses and a dispropor-
tionately large hydrocele.

Extratesticular malignancies are extremely rare. Although carci-
noma and metastases have been described, the least rare malignant
neoplasia in this site is sarcoma of the spermatic cord, most com-
monly embryonal rhabdomyosarcoma (in younger patients), but
sarcomas of other mesenchymal tissue are seen occasionally, for
example liposarcoma.

didymis shows considerable heterogeneity (Fig. 32.22) and even
rarely a diffuse increase in echogenicity. A heterogeneous pattern of
predominant increase in echogenicity is more frequently associated
with chronic epididymitis. Doppler ultrasound often demonstrates
hypervascularity. Rarely the condition progresses so that there is
demonstrable abscess formation within the epididymis.

There is often an associated hydrocclc of variable size, which
may be septated and contain echogenic fluid. Severe cases may be
associated with demonstrable oedematous thickening of the over-
lying skin and (in up to 20% of cases) there may be coexisting
orchitis.

Orchitis Inflammation of the testicle itself may be seen in sys-
temic viral illness (classically mumps) or in association with bac-
terial epididymitis. Up to 25% of postpubertal males with mumps
will suffer some degree of orchitis, usually 7-10 days after the
parotitis. Approximately two-thirds are unilateral. Other viruses
implicated include echoviruses, group B arboviruses and the lym-
phocytic choriomeningitis virus. In the acute phase ultrasound
may show testicular swelling with patchy or diffuse reduction in
echogenicity. Following resolution the testicle may return to Testicular torsion I n this condition the spermatic cord becomes
normal but in severe orchitis there may be atrophy, with reduction twisted as a result of testicular rotation, producing testicular
in size and echogenicity, usually apparent within 6 months of the ischaemia. It may occur at any age but is most fi equent i n the first
acute insult. year of life or in adolescence, when the testicle is rapidly enlarge -

Bacterial orchids shows similar acute features (Fin. 32.23) but inn . Different patterns of torsion have been described. The loose
usually with marked changes of epididymids. Doppler ultrasound attachment of the testicle and spermatic cord to the scrotum in
may show increased vascularity but severe orchids may be associ- infants and neonates predisposes to torsion of the entire cord
ated with ischaemia and infarction with reduced or absent vascular- above the level of the scrotum (extravaninal torsion). Rotation of
ity. In particularly severe orchids heterogeneous areas may develop the cord within the tunica vaginalis (intravaninal torsion) is the
with a potential for intratesdcular abscess formation (irregular areas commonest situation in the older age group. This is most often
of liquefaction containing debris). Again there is a substantial risk due to poor testicular attachment to the posterior scrotal wall by
of subsequent atrophy leading to a small echo-poor testicle with an abnormally narrow mesentery, which predisposes to rotation
little or no spermatogenesis. The underlying organisms are usually of the cord. This anatomical situation has been referred to as the
the same as for epididymids, although rarely chronic epididymitis, bell-and-clapper malformation and may be bilateral in up to 80°Ic

especially with abscess formation, may be due to tuberculosis. of cases, with simultaneous bilateral torsion in up to 5%. Surgical
Calcific scars may be seen following any form of orchids. treatment of testicular torsion should therefore include detorsion



hydrocele. This may slough off and become calcified, giving rise
to mobile highly echogenic shadowing foci between the layers of
the tunica vaginalis (scrotoliths or scrotal pearls, Fig. 32.25).

Blunt scrotal trauma most commonly results in haemorrage around
the testicle (haematocele) and intratesticular hacmatoma, which
may be associated with a tear of the tunica albuginea. More
significant trauma may be associated with demonstrable fragmenta-
tion of the testicle. The role of imaging depends on the surgical
approach. Where there is substantial trauma, surgical exploration,
drainage of hacmatoma and repair of testicular tears may enhance
the subsequent viability of the testicle.

Ultrasound is the most appropriate imaging modality. The com-
monest finding is a complex haemorrhagic hydrocele (haematocele)
with areas of intermediate and low echogenicity representing
thrombus and liquid blood or serum. The underlying testicle may
show areas of contusion or hacmatoma, visible as echo-poor, some-
ti mes echogenic. areas, often with a relatively linear configuration.
The testicle may be deformed by subcapsular haemorrhage. There
may be rupture of the capsule (tunica albuginca ) with disruption of

the underlying testicle and associated hacmatoma (Fig. 32.26). The
testicular tear may be linear or complex, and in severe trauma there
may be fragmentation of the testicle.

Scrotal hacmatoma may he complicated by abscess formation.
and severe testicular damage may be followed by subsequent
atrophy.

of the affected testicle and fixation of the contralateral testicle to
prevent subsequent torsion.

Torsion may be complete (i.e. rotation of at least 360°) or incom-
plete and spontaneous torsion and detorsion may occur. The degree
of torsion determines the severity of the ischaemia and the rapidity
with which irreversible changes occur within the testicle. Surgical
treatment of complete torsion within 5 b is associated with a testic-
ular salvage rate of 80%, which falls to 20 17- or less after 12 h. If

torsion is incomplete, the testicle remains viable longer: 80% up to
1 2 h and 40% up to 24 h. Even in this situation, however, viability
falls to 10% after 24 h.

I n the acute stage ultrasound may be normal or demonstrate
a swollen testicle with patchy or diffuse hypoechogenicity

( Fig. 32.24). The epididymis may also become swollen and echo-
poor. There may be a reactive hydrocele and the overlying scrotal
skin may be thickened and oedematous. Doppler ultrasound bas a
claimed sensitivity of upwards of 85 17c in the diagnosis of torsion
by virtue of reduced vascularity (absence or poor colour flow,
redueed peak systolic velocities) compared with the unaffected
side. False positives (for example ischaemia associated with severe
epididymo-orchids) and false negatives (due to difficulty in obtain-
ing an adequate colour flow, intermittent nature of torsion, etc.) are
encountered and there is still considerable controversy as to the role
of this investigation in the management of these patients. Given the
i mportance of operating within a few hours oh the onset of symp-
toms, it remains axiomatic that neither the performance nor inter-
pretation of an ultrasound examination should delay surgical
treatment. If there is doubt the urologist should operate on clinical
!rounds.

Appendix torsion The testicular appendix (often referred to as
the hydatid of Morgagni) and rarely other vestigial scrotal appen-
dices (such as the epididymal appendix) may undergo torsion. Testicular cysts As with cysts elsewhere in the body, testicular

This is associated with acute scrotal pain and localised swelling cysts are well-defined, thin-walled and anechoic on ultrasound,
and tenderness. On ultrasound there is a focal soft-tissue mass with distal acoustic enhancement. They vary in size from a
adjacent to the upper pole of the epididymis which is often het- millimetre or two to I-2 cm and lie within testicular tissue
erogeneous with a central echo-poor area and an associated (Fig. 32.27). They are occasionally multiple, are often situated at

or close to the testicular hilum and may be associated with epi-
didymal cysts. Cysts directly arising from the tunica albuginea

have been described with similar ultrasound features (Fig. 32.28)
and benign nature.

Multiple small cystic areas are not infrequently seen at the testic-
ular hilum. These are often referred to as dilatation of the retc testes
(Fig. 32.29) and again are often seen with epididymal cysts. All

these lesions are entirely benign.

Fig. 32.24 Ultrasound of an infarcting testicle. There are extensive areas
of reduced echogenicity within the substance of the testicle. The adjacent
epididymis is also markedly diseased and swollen.

Fig. 32.25 Ultrasound showing a classical highly echogenic scrotolith Fig. 32.26 Ultrasound showing traumatic disruption of upper pole of
with marked distal acoustic shadowing and small hydrocele. testicle and small adjacent haematocele.
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Fig. 32.27 Ultrasound of a small (A) and a
l arge (B) testicular cyst, both showing an
echo-free area without any significant solid
elements.

Fig. 32.30 Ultrasound of epidermoid
cyst seen as a well-defined echo-poor
nodule.

Fig. 32.28 Ultrasound of a small
echo-free tunica albuginea cyst.

Approximately 95% of testicular neoplasms are of germ cell
origin, 4% lynrphomas and V/( rarities such as metastases, Levdig

cell and Sertoli cell tumours. Approximately 50%- of germ cell
tumours are pure seminomas, which arc less aggressive and present
i n an older age group (peak 30-45 years). The remaining 50% are
classified as non-.seminomatous germ cell tumours ( NSGCTs),
although up to a fifth of these may contain some seminomatous

element. They present in the younger age group (peak 15-30 years)
and a majority produce one or more biochemical tumour markers
( beta-human chorionic gonadotrophin or alpha-fetoprotein). There
are two main histological classifications of NSGCTs, the World

Health Organization (WHO) and the British Testicular Tumour
Panel systems, the former being more widely used in the North

American literature. The two classifications are broadly similar.
Both classify the yolk-sac tumours as a separate subgroup. In the
British system, the rest are teratomas of varying pattern (differenti-
ated, intermediate, undifferentiated, trophoblastic). In the WHO
system, mixed germ cell tumours, embryonal carcinoma and chori-

Fig. 32.29 Ultrasound showing multiple tiny echo-free areas at the ocarcinoma are separated from the teratomas of varying histology.
testicular hilum (dilated rete testis). Risk factors for the development of testicular malignancy include

Epidermoid cysts These uncommon benign tumours arc thought undescended testes, testicular atrophy, microlithiasis, previous tes

to derive from epithelial rests or inclusions. They consist of layers ticular malignancy, infantile hernia, low birth weight and maternal

of keratin within a fibrous capsule lined with squamous epithe- exposure to diethylstilboestrol. There is a weak genetic tendency.

lium. On ultrasound they are well-defined auricular rounded with a family history of the disease seen in 2% of patients with tes

lesions and may be solitary, multiple or bilateral. Calcification
titular cancer. Testicular cancer most commonly presents as a pain

may be present and adopt a variety of patterns (multiple foci less scrotal mass inseparable from the testicle, although the patient

within the cyst, curvilinear along the wall or a target pattern of
may sometimes also complain of a dull ache or sensation of heavi-

ness. circles). Otherwise they are usually diffusely echo-
ness. Occasionally the condition presents with widespread pal

poor (Fig,. 32.30). Occasionally they may appear highly echo-
monary or abdominal metastases, rarely when the primary is no

P b • Y Y y l onger evident. The rare Leydig and Sertoli cell tumours may
genie, presumably if calcification becomes widespread throughout
the lesion. If the typical ultrasound features are present, the urolo

produce sex hormones, which can provoke premature virilisation

gist may be able to perform partial rather than total orchidectomy. (especially Leydig cell tumor s) or gynaecomastia (especially
Sertoli cell tumours).

Testicular cancer Although uncommon (representing approx- Scrotal ultrasound is the investigation of choice, with a sensitiv-
i mately I % of cancers in males), testicular cancer is the common- ity approaching 100%. Tumours are seen as intratesticular lesions
est malignancy in males between 20 and 40 years of age, with the with replacement of the normal architectural pattern by material of
i ncidence apparently rising, predominantly low echogenicity. Small tumours may show no mass



Fig. 32.31 Ultrasound of small testicular malignancy with hydrocele.
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dicted from the ultrasound appearances, which are usually non-
specific. However, classically seminomas are well defined and uni-
formly modestly echo-poor (Fig. 32.32). NSGCTs more often show

significant echogenic areas of fibrosis or calcification and echo-free
cystic areas (Fig. 32.33). Larger tumours (above approximately 1.5
cm) may show increased vascularity on colour flow Doppler;
smaller ones are more often hypovascular. The differential diagno-
sis includes focal or diffuse acute orchitis, abscess, infarct and
haemorrhage. The clinical presentation and course usually permits
differentiation. It is, however, important to exercise extreme
caution, and an echo-poor lesion within the testicle must always be
regarded as potentially representing a malignancy. Therefore, if an
i ntratesticular lesion is not showing progressive resolution within a
short time (a fortnight or less), consideration of orchidectomy
would he recommended and the dilemma discussed with the
patient. Occasionally a lesion of a centimetre or less is encountered
within the testicle. Those that have been observed over a prolonged
period of time appear to show a benign course. Again it would be
prudent to ensure the patient is aware of the dilemma and seeks
help at the slightest change.

The management of testicular cancer depends heavily on the
detection and treatment of lymph node metastases. The lymphatic
vessels from the testes follow the spermatic cord through the
inguinal canal, cross the pelvis and ascend to drain into lymph

effect. When larger than 2-3 cm they are associated with deformity nodes along the inferior vena cava and aorta in the lumbar region

and expansion of the outline of the testicle. Occasionally there is an around the L2 level. Lymph node involvement virtually always

associated hydrocele (Fig. 32.31). The histology cannot be pre- starts on the side of the affected testicle. The first group of nodes
affected are sometimes referred to as the sentinel nodes, being the
nodes around the renal vessels (renal perihilar), the para-aortic
nodes immediately below this level on the left and the paracaval
nodes immediately below the renal vein on the right. Bilateral
involvement is uncommon when the primary is left-sided, but is
more often encountered when the disease starts in the right testicle.
It does not usually occur until there is considerable ipsilateral

Fig. 32.32 Ultrasound of disease. Contralateral lymphadenopathy with normal ipsilateral

seminoma showing homo- nodes is extremely rare. Following initial lymphadenopathy, disease
geneous reduction in echo- may spread cranially and caudally along the para-aortic, paracaval
genicity. and aortocaval nodes. Iliac and inguinal lymph nodes may he

involved by retrograde spread, especially on the right, or directly in
circumstances where the tumour gains access to the ilioinguinal
lymphatic system. This may occur with disease originating from an
intra-abdominal testicle, with disruption of the lymphatics follow-
i ng surgery or, if tumour is grossly invasive, within the scrotum
(epididymal involvement may lead to external iliac nodal disease,
skin invasion leading to inguinal lymphadenopathy). Tumour may
also extend retrogradely into the mesenteric lymph nodes and ante-
gradely into the retrocrural, mediastinal and supraclavicular lymph
nodes. Drainage into the thoracic duct may occur, with subsequent
haematogenous metastases to the lungs and, less often, the liver,
brain and skeleton. Haematogenous spread is rare before lymphatic
spread, except with choriocarcinoma. It is generally more common
with non- semi nomatous tumours.

Although a TNM staging system has been formulated for testicu-
l ar malignancy, the Royal Marsden staging system is more widely
used in routine practice (Box 32.1). Its importance is that it not only
describes the site of metastases but also the volume of tumour,
which is likely to he at least as important. In stage I there is no evi-
dence of metastases. Abdominal lymph node metastases are seen in

Fig. 32.33 Ultrasound of NSGCT which is echo-poor but relatively ill- stage II, supradiaphragmatic in stage 111. Distant metastases (extra-
defined and containing at least one area of prominent calcification. l ymphatic) are present in stage IV.
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Box 32.1 Royal Marsden staging system for testicular cancer

Stage I No evidence of metastases
I M Rising serum tumour markers

Stage II Abdominal lymph node metastases
A 2 cm diameter or less
B Between 2 and 5 cm diameter
C 5 cm diameter or above

Stage III Supradiaphragmatic nodal metastasis
M Mediastinal
N Cervicat or axillary
0 Without abdominal lymph node metastases
ABC Relates to size as described in stage II

Stage IV Extralymphatic metastases Fig. 32.35 CT demonstrating a huge left para-aortic mass of metastatic
Lung NSGCT showing areas of reduced density. The mass encases the aorta,

Ll 3 metastases or less which is displaced forward and invades posteriorly into the psoas muscle
L2 More than 3 metastases, all 2 cm diameter or less and anteriorly into the root of the mesentery.
L3 More than 3 metastases, at least one above 2 cm diameter

H Liver metastases visible node less than 1.0 cm in diameter is therefore best rekardedBr Cerebral metastases
Bo Bone metastases as equivocal, especially if above 8 min, and the scan should be

,:,,... r, ,
a

repeated in 3 months (or guided biopsy performed). Metastatic

CT is the conventional staging method (Fig. 32.34). CT detection

of lymph node metastases depends on size. Lymph nodes above
1.0 cm are usually involved (specificity 879)-), and above 1.5 cm

are almost always involved (specificity 98%). Most nodes less than
1 cm in diameter are uninvolved but the fact that 25-30 9/ of
untreated stage 1 disease develop subsequent metastases indicates
that there is a significant number of lymph node micrometastases. A

Fig. 32.36 Transverse T 1 - weighted MR images on two different patients.
(A) In this case there is a solitary left para-aortic lymph node tumour
deposit from a left-sided testicular primary. (B) In this case there is a more
substantial right-sided deposit from a NSGCT showing considerable hetero-
geneity. It has encased and displaced the inferior vena cava.

Fig. 32.34 CT demonstrating para-aortic metastases from a left testicular
malignancy. (A) At this level a small lymph node deposit is seen immedi-
ately lateral to the aorta and a larger one is visible anterior to the left psoas
muscle. Higher up (B), just below the level of the renal hila, there is a large
l eft-sided metastatic mass partly encasing the aorta.



Fig. 32.38 Post-treatment lymph node masses. (A) CT showing substantial mass with substantial cystic (low-density) areas. (B) Transverse T,-weighted
MR scan showing a large predominantly cystic lymph node mass with extensive low-signal areas. These are seen on the transverse STiR squence (C, higher
level) as intensely high-signal areas. Note the tumour has displaced the aorta anteriorly and is extending into the left renal hilum associated with some
renal obstruction, as demonstrated by the perinephric high signal. (D) CT showing an ill-defined lymph node mass between the aorta and inferior vena
cava (and inseparable from both) and a second mass to the left of the aorta showing dense areas of calcification.
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Fig. 32.37 Complex deposits of NSGCT
i n two different patients seen on MRI. (A)
I n the first case there are tumour deposits in
the left retrocrural area, close to the left renal
hilm, and a large mass invading into the
mesentery. (B) In this case an undescended
testicle is the site of grossly metastatic
NSGCT which is seen throughout the pelvis
on this T 2 - weighted image. It is interesting
to note that the pattern of spread is similar
to ovarian cancer because of the atypical site
of the primary.
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Fig. 32.40 Testicular ultra-
sound showing virtually complete
replacement of normal testicular
tissue by metastatic prostate
cancer. An associated hydrocele is
also demonstrated.

masses may become enormous but in the case of seminomas they
usually remain of homogeneous soft-tissue density on CT, although
they do occasionally demonstrate central necrosis. NSGCT
deposits, however, often become heterogeneous as they enlarge,
with lower density and even cystic elements (Fig. 32.35).

The role of MRI scanning is still a matter of controversy. The
same size criteria for the detection of lymph node metastases
described for CT apply to MRI scanning, and from that point of
view the modalities are similar (Fig. 32.36). MRI has the advantage
that it avoids ionising radiation but the disadvantage that it is proba-
bly inferior for the detection of pulmonary metastases and, espe-
cially with the advent of spiral and multislice CT, is significantly
slower and hence prone to movement degradation. It does have
better soft-tissue contrast and might have a role in difficult cases to
assist differentiation of potential tumour deposits from native struc-
tures (large gonadal or ascending lumbar vessels, anomalous infe-
rior vena cava or renal vessels, unopacified bowel loops), or areas of
solid tumour from fibrosis or cystic degeneration (Fig. 32.37).

Approximately 75% of patients with seminomas have stage I
disease. About 80% of these are cured with orchidectomy. The
remainder are at risk of developing metastases. A surveillance
policy is more difficult in this situation because of the absence of
reliable biochemical tumour markers, so initial adjuvant radiother-
apy to the para-aortic area can be offered, which raises the cure rate
to 97%. Patients who present with metastatic disease are also
treated with radiotherapy or chemotherapy (the latter particularly
for bulky stage II disease).

Seventy per cent of stage I NSGCT patients are cured by
orchidectomy alone; 30%, however, will demonstrate subsequent
metastatic disease. This can be almost entirely prevented by
retroperitoneal lymph node dissection at the time of staging (a
policy pursued in North America). Alternatively, close radiological
surveillance can he instituted to allow early detection of metastatic
disease, with chemotherapy. Around 25% of NSGCT patients have
metastases (stage II-IV) at presentation and these are also treated
with chemotherapy, which is usually associated with a complete
response. Around 25%, however, will demonstrate persistent lymph
node masses following chemotherapy (Fig. 32.38). These often
contain areas of fibrosis, haemorrhage, cystic degeneration and
sometimes calcification, but some will contain mature teratoma and
up to 10-30% of these will contain active malignancy. No imaging
modality is currently completely reliable in determining which
masses contain significant disease and generally these are treated
with surgical excision (retroperitoneal lymph node dissection).

CT or MRI scanning should cover the pelvis, abdomen and chest. Testicular lymphoma This condition is rare, accounting for less

Follow-up scans should be performed relatively frequently for the than 5% of malignancies of the testicle, although it is the corn-

first 2 years; for example, 3-monthly for the first year and 6- monest testicular tumour in men over the age of 60. It is bilateral

monthly in the second. Yearly scanning should be continued for at i n up to 25% and is associated with extranodal disease, especially

l east 5 years for seminomas of all stages and stage I NSGCTs. i n the pharynx, skin and central nervous system. It is virtually

There is an annual relapse rate of I-2% for treated metastatic always non-Hodgkin's disease. The ultrasound appearances are of

NSGCTs for more than 10 years and these tumours therefore a well-defined mass of low echogenicity expanding the testicle. It

require longer follow-up.

Sometimes a male patient presents with widespread metastases
( which may include abdominal, pelvic and mediastinal lym-
phadenopathy and pulmonary metastases) that are confirmed histo-
l ogically to originate from a malignant teratoma but without a
palpable testicular tumour. In some of these patients the teratoma
may have originated outside the testicle. In a proportion, however, a
small primary lesion, with the classical echo-poor ultrasound
appearances described above, is identified in a testicle on ultra-

Fig. 32.39 Testicular ultrasound showing a small echogenic area with
distal acoustic enhancement. The patient presented with widespread
abdominal and mediastinal lymphadenopathy and pulmonary metastases,
histologically shown to be teratoma. The testicular lesion is presumed to be
the site of a burnt-out primary.

sound. Rarely ultrasound demonstrates a small echogenic area

within a testicle (Fig. 32.39), which is believed to represent the scar
of a burnt-out primary, a situation that has been described with
seminoma and NSGCT.

Metastases to the testicle are rare. The ultrasound appearance is
of mixed, often predominantly reduced, echogenicity (Fig. 32.40);
they are indistinguishable from primary malignancies except that

they generally affect a significantly older age group. They often
originate from cancer elsewhere in the urinary tract, especially the
prostate. Occasionally carcinoma of the bronchus or malignant
melanoma metastasise to the testicle. Others include lymphoma (the
commonest testicular malignancy over the age of 60 years) and
leukaemia (in childhood, the testicle being a classical sanctuary site
for relapse).



Carcinoma of the penis This uncommon malignancy is essen-

tially a dermatological disease, being a kcratinised squamous cell
carcinoma (SCC), but with a urological presentation. It may be

classified into three anatomical subsites (prepuce. glans penis and
shaft). bill in practice it almost always starts in the sulcus and pro-
ceeds with local invasion into the clans and along the shaft.
Advanced tumours invade into the urethra, penile aura. prostate
and perineum. There is a .strong tendency, like all SCCs, to early
l ymph node metastases and late Iiaematogenous spread.

The lymphatic drainage is to thesuperficial and deep inguinal

nodes in the first instance. MRI is useful for loosing both
t he extent of the primary tumour and the regional lymph nodes
( Fig. 32.43). Unfortunately these nodes are often hyperplastic due
t o inflammatory stimulus and may normally be up to 15 mm in

Fig. 32.41 Ultrasound of testicular microtitbiasis showing numerous tiny maxnmun diameter, so unenlarged involved lymph nodes are easily

calcific foci. overlooked. Nodes above 15 mm in diameter arc highly likely to be

Fig. 32.42 Testicular ultrasound showing microtithiasis and the develop-
ment of a seminoma.

Classical testicular microlithiasis (CTM) has been defined as
live or more microliths visible on at least one ultrasound image
( Fig. 32.41 ). More than one but less than live has been referred to
as limited testicular microlithiasis (LTM). The frequency of tumour
occurrence with microlithiasis (Fig. 32.42) and the risk of tumour
development remains uncertain. initial reports suggested a very
high risk, with up to 40c/c of CTM associated with testicular cancer
at the time of the initial ultrasound scan. More recently large
studies have suggested a significantly lower range of 15-27 c/(.

Subsequent tumours have been reported as developing in CTM and
I ,TM but the magnitude of the risk is still unclear. The most recent
studies have not demonstrated any malignancies on limited follow-
up of 3-4 years. It has become routine practice to suggest annual
ultrasound surveillance of these patients, although regular testicular
self-examination is probably more important and may even be
sufficient.

THE MALE GENITALIA AND URETHRA 103 3

often extends to involve the epididymis and spermatic cord. Tile
dominant feature of the mass is its homogeneity. Multiple nodules
or foci of haemorrhage or necrosis are uncommon.

Coarse areas of calcification (above 3 mm diameter) that are rela-
tively few in number are seen within some malignant testicular

tumours, particularly non-seminommatous germ cell tumours. A soli-
tary substantial focus may be associated with the so-called burnt-
out primary tumour (Azzopardi tumour). Infection, trauma or

i nfarct may also produce dystrophic calcific areas. They are usually
solitary or few in number and vary from 1-2 min in diameter to

several millimetres.
Numerous small areas of calcification (1 -2 mm diameter) seen

throughout the testicle are referred to as testicular microlithiasis.

These are thought to represent intratubular microcalcifications asso-

eiated with degenerate cells within the seminiferous tubules and
appear to he a primary process.

This is usually bilateral but may be asymmetrical. It is associated
with cryptorchidism, male pscudobcrmaphroditism , testicular

atrophy and subfertility, as well as Down's syndrome and Kline-
felter's syndrome. It appears to have an association with testicular
eancer. although the Strength of this association is still a subject of'

controversy. The mechanism is also still under investigation but
t here is a potential link with intratubular

germ cell neoplasia(IGCN). IGCN (formerly referred to as carcinoma in situ) is likely

to he the precursor of germ cell tumours. It is found adjacent to
most tumours, and is seen in the contalateral testicle in up to 5 ,-1( of
cases. It is associated with testicular atrophy and infertility and pro-
gresses to carcinoma in approximately 50`/c of' cases in 5 years.
IGCN itself' is not identifiable on ultrasound but it is thought that it
nay he associated with testicular microlithiasis.



Fig. 32.44 Longitudinal ultrasound of a penis in Peyronie's disease
showing a small calcified echogenic plaque with distal acoustic shadowing.

a snap at the time of injury, with immediate detumescence and
marked ecchymosis. Ultrasound and cavernosography have been
employed to image this condition but they contribute little, as the
diagnosis is essentially clinical and the treatment (relatively acute
surgical repair) is not affected by the imaging findings.

Peyronie's disease I n this condition there is focal induration and
fibrosis of the corpus cavernosum. It is of unknown aetiology and
may present at any age, but particularly in middle age. It is of
variable severity and often resolves spontaneously over a period
of months or years. It presents with a palpable nodule and may be
associated with painful erections and/or difficulty with sexual
i ntercourse. It is seen on ultrasound as an echogenic plaque.
Calcification may develop, leading to distal acoustic shadowing
(Fig. 32.44). The disease may also be demonstrated on CT or
MRI but imaging findings rarely alter the diagnosis or manage-
ment, which again rests on the clinical picture.

Scintigraphic demonstration of testicular perfusion offers a non-

invasive approach for distinguishing between the ischaemia associ-
ated with testicular torsion and the hyperaemia associated with
acute epididymo-orchitis (Figs 32.45, 32.46).

Fig. 32.45 Acute epididymo-orchitis (two cases). Anterior 99mTc i mages
obtained 1 min after injection showing diffusely increased uptake in the
right testis of case A and the left testis of case B. Case A also shows diffusely
i ncreased activity along the spermatic cord on the affected side. A l ead
marker has been used to indicate the midline of the scrotum.

Fig. 32.43 MR scan of extensive penile carcinoma. Transverse post-
gadolinium T,-weighted image (A) shows destruction of the normal
anatomy of the glans and shaft by the irregular enhancing mass of tumour.
This is seen on the transverse STIR sequence (B), which also demonstrates
upstream dilatation of the urethra, a finding generally only seen with
advanced tumours. The coronal post-gadolinium T 1 -weighted image
(C) demonstrates the presence of inguinal lymph nodes. These are not par-
ticularly enlarged but the node on the right (arrow) shows central necrosis
characteristic of squamous cell carcinoma metastasis.

i nvolved by tumour. As with other SCCs, involved lymph nodes may
develop irregular central necrosis, a finding highly suggestive of
metastatic disease. This is seen as unenhancing areas on contrast MR1
(or CT) or very high signal areas on T,-weighted and STIR sequences.

Trauma Rupture of the tough fascia over the corpora cavernosa (the
penile tunica albuginea) is a rare injury, referred to as fracture of the
penis. It is usually due to lateral trauma during athletic or unusual
sexual activity, generally presenting with a history of a sensation of
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Radiological assessment in erectile dysfunction is reserved for
patients who have failed to respond to first-line therapy (oral
sildenafil, intracavernosal injection of alprostadil, transurethral

Table 32.2 Radiological investigations of erectile dysfunction

Investigation Indication Comments

Duplex ultrasound Screening test for PSV >35 cm/s normal
vascular function PSV <25 cm/s arterial

i nsufficiency

Cavernosography Suspected venous Declining use
leakage (where surgery
considered)

Arteriography Young men with traumatic Anatomical information
arterial occlusion for surgical planning

alprostadil or vacuum device) and in whom surgical intervention is
contemplated. Imaging is used in the assessment of suspected
vascular abnormality (arterial or venous), believed to be the

Fig. 32.46 Testicular torsion. Anterior view 99mTc pertechnetate study commonest cause of organic erectile dysfunction.

shows an intensely hyperaemic rim of tissue surrounding a photon-deficient Haemodynamic evaluation of these patients aims to detect

area which represents the infarcted left testis (arrows). arterial insufficiency and venous incompetence, for which surgical
procedures are available. Penile revascularisation and venous liga-

Technique The patient is positioned supine, with the scrotum ele- tion procedures have given disappointing long-term results, with
vated by a towel placed between his legs, or better, a sling of rates of successful return to intercourse of around 60% and 40%,
adhesive tape placed across the thighs. It is also helpful to place a respectively. Successful outcome depends on careful selection of
l ead-rubber shield beneath the sling and the scrotum in order to surgical candidates.
block out activity from the patient's thighs. A rapid bolus injec- For many years assessment was based upon arteriography and
tion of about 200 MBq of 99mTc-pertechnetate i s given, and a cavernosography, which have now largely been replaced by duplex
rapid sequence of images of the scrotal region is obtained (e.g. ultrasonography (Table 32.2). Duplex ultrasonography of the penis
one frame per second for 40 seconds). After the initial dynamic and cavernosal arteries was first described in 1985 and has now
series, one or two further spot views with high count density emerged as the investigation of choice for penile arterial screening,
should he obtained, but typically the most informative data are despite some debate regarding protocol and velocity thresholds
those derived from summating the first-pass frames to a single (particularly for moderate reductions in systolic velocity). It
image. has a more limited role in demonstrating impaired veno-

Interpretation With torsion, the testis appears avascular or occlusion.

severely ischaemic. This is manifest on the images as a photon- Arterial blood supply to the penis originates from the internal

deficient area, which is often surrounded by a rim of increased iliac arteries via the internal pudendal arteries, which divide and

activity representing surrounding hyperaemia. The line of the form paired cavernosal arteries at the base of the penis. It has been

spermatic cord also often shows increased activity. With acute estimated that penile arterial inflow may increase up to 30-fold

epididymo-orchitis, activity within the testis itself is usually during tumescence.

normal, but the inflammatory response in the epididymis produces Tests of penile haemodynamics are performed following intra-

a C-shaped margin of markedly increased activity, and in some cavernosal injection of a vasoactive agent to induce a pharmaco

cases this may appear to extend across the testis as well. The con- l ogical erection. Alprostadil (5-20 µg) is more effective than

tralateral normal testis is used as a benchmark to indicate whether papaverine, with a lower incidence of priapism.

the affected side shows increased or reduced activity. The ultrasound transducer (7.5 or 10 MHz) is positioned on the
ventral surface of the base of the penis. Paired cavernosal arteries are

Application The main value of this test is as a supplement to found close to the septum. During the initial phase of erection, both
Doppler ultrasound for those patients presenting acutely with uni- systolic and diastolic How is increased and continuous. The diastolic
l ateral testicular pain. Although the radionuclide procedure itself waveform decreases at an intracavernosal pressure over 40 mmHg and
takes just a few minutes, its value can he fully realised only when i s reversed at an intracavernosal pressure over 80 mmHg. Above this,
a rapidly responding on-call service is provided, as the majority systolic flow is diminished and flow ceases if intracavernosal pressure
of patients with acute testicular problems present outside normal approaches systolic blood pressure. Peak systolic velocity (PSV) and
working hours. end-diastolic velocity (EDV) are recorded every 5 min for 30 min.

It is now generally accepted that PSV>35 cm /s predicts normal
arterial inflow and that PSV<25 cm/s is a useful predictor of arterial
i nsufficiency. Validation for these thresholds comes from studies cor-
relating duplex ultrasonography with arteriography in patients with
erectile dysfunction. For the intermediate PSV range of 25-35 cm/s,
several parameters have been suggested to predict arterial insuf-
ficiency (using arterial waveform analysis) but none is widely
accepted.
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i g. 32.47 Cavernosogram showing opacification of the cavernosa and
i arked venous leakage.

Azoospermic amen with a normal FSH level may be evaluated radio-

logically in an attempt to discover a treatable, obstructive cause for

i nfertility. Traditionally this has been achieved via vasography;

more recently there has been increased interest in the use of trans-

rectal ultrasound (TRUS).

When both vasa arc clinically palpable in the scrotum, obstruc-

tion may be from congenital causes (most commonly midlinc cysts

compressing the ejaculatory ducts) or acquired causes (commonly

i nflammatory or traumatic stenoses of the ejaculatory ducts or

vasa). TRUS is useful in demonstrating distal obstruction at the

l evel of the ejaculatory ducts, typically showing duct dilatation

proximal to the obstruction and also congenital cysts, if present.

Multifocal stenoses (which occur in up to 20th of obstructed vasa)

or proximal stenoses of the vas deferens may be identified by

vasography, with the vas cannulated just distal to the inguinal canal.

Obstruction may be relieved surgically by epididymovasostomy in

some patients.

Although its relevance is debated, the presence of scrotal varico-

celes in association with oligospermia may represent a treatable

cause of hypofertility. Treatment of varicoccles for subfertility has

been the subject of controversy but at best it has been reported to

i mprove consistently the semen analysis and be associated with

demonstrable fertility in up to 40% of treated individuals.

The relationship between EDV at duplex ultrasonography and

venous incompetence at cavernosometry has also been examined.

Although, overall, EDV correlates poorly with venous incom-

petence, EDV <5 cm/s in association with normal PSV (>35 cm/s)

i s believed to be an indicator that veno-occlusion is normal and

further investigation (c.g. cavernosometry) is unnecessary. In

patients with arterial insufficiency diagnosed by these duplex

criteria, confirmation by arteriography is required if surgical

i ntervention is planned (see below).

Erectile dysfunction may result from abnormal penile venous

l eakage in patients who have a failure of the veno-occlusive mecha-

nism to provide adequate venous resistance during erection. This

may he congenitally present or acquired (degenerative or trau-

matic). Venous drainage of erectile tissue occurs via the deep dorsal

vein, which drains into the periprostatic plexus, and paired

cavernosal veins, which drain via the internal pudcndal veins.

Commonly, incompetence originates in the deep dorsal vein.

Pharmacocavernosography has been performed to investigate this.

Both corpora cavernosa are cannulated with 19 gauge needles. A

pump injection of 150 strength contrast medium is injected via one

of the needles to demonstrate sites of abnormal venous leakage

( Fig. 32.47). This is often combined with cavernosometry, to quan-

tify the flow rate required to maintain a pharmacological erection.

Synchronous pressure measurements are recorded through the other

needle. Although this technique remains the best method of demon-

strating venous incompetence as a cause of erectile dysfunction,

poor results with venous ligation procedures have reduced their

popularity and led to a dramatic reduction in the use of this test.

Although its use is now more limited, arteriography before and

after a pharmacologically induced erection is still performed to

demonstrate vascular anatomy prior to surgical intervention (arterial

bypass or angioplasty). This is indicated only in a selected group of

younger, otherwise healthy men with a history of blunt perineal or

pelvic trauma who are suspected of having a focal arterial lesion

causing erectile dysfunction (rather than having diffuse atheroscle-

rotic disease). Arterial injury is most commonly found in the distal

i nternal pudcndal artery at the level of the urogenital diaphragm.

Anatomical variation in pudendal vasculature is not uncommon: in

a series of 195 arteriograms, an accessory pudendal artery was

demonstrated in 7% of patients.
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During the last 20 years ultrasound has revolutionised the practice an empty maternal bladder, the latter factor leading many women

of obstetrics. In some countries, including the UK, over 90% of to prefer this technique to the transabdominal approach. Limita-

women now have at least one ultrasound examination during pi-c- tions include reduced beam penetration and the more invasive

naney. In others, such as the USA, continuing concern about the nature of the technique. which may make it less desirable in
possible harmful effects of ultrasound has limited the examination certain clinical situations.

to those obstetric patients fulfilling certain criteria, in some cases Mechanical sector and phased-array systems are again available,

less than 50Y( of the total. The intention of this chapter is to provide frequencies being in the range 5-7.5 MHz.

an overview of ' current practice and trends within obstetric radi- Doppler ultrasound The routine use of Doppler ultrasound in
ology with, of necessity, an emphasis on diagnostic ultrasound, pregnancy remains controversial, with concern about the increased

power intensities when compared with imaging levels. This has
become even more relevant with the widespread use of TVS.
Despite this, many studies have shown that Doppler information

Transabdominal sonography ( TAS) Until 10 years ago TAS was
may prove valuable in the assessment of pregnancy complications

used universally throughout pregnancy and continues to he the
and the 'at risk' fetus. Thus

duplexDoppler waveforms
from the

majortechnique
for imaging in the second and third trimester. A

Uterine and umbilical arteries may give useful information in the

full maternal bladder is frequently necessary to displace pelvic
assessment of intrauterine growth retardation (p. 1046), while

bowel loops, which otherwise obscure the field of view. Real-time
colour and power Doppler may be invaluable in the assessment of

ultrasound equipment for obstetric use includes:
the fetal heart and outflow tracts, as well as in looking at other
fetal vessels such as intracerehral and renal arteries.

• Sector transducers, which may he either mechanical or phased
stems. These are wide) used and may be particularly

Tissue harmonic imaging ( THI) Harmonic imaging involves the
arraysy

y
u

processing of the lower amplitude. higher frequency waveforms
useful where access is limited, for instance where the fetal head
or placenta lies low within the pelvis.

that accompany the fundamental frequency waveforms tradition-

0 Linearor curved army
transducers, which are Suitable for most

ally processed. The harmonic waveforms tend to have less clutter

obstetric applications. The general) provide less distortion and
and scatter (reverberations and side lobe artefacts) than funda-

a
y ° y mental waveforms. Studies have confirmed better visualisation

greater field of view than amechanical sector transducer, but
the larger surface area required for skin contact may

of fetal structures using THI, particularly in larger patients

occasionally prove a problem.
(Treadwell et al 2000).

Frequencies for the above transducers lie between 3 and 5 MHz, the
Three-dimensional ultrasound (3D) The three-dimensional
reconstruction of ultrasound images was first demonstrated nearly

choice being a trade-oat between beam penetration and resolution.
1 5 years ago but has only recently become a clinical reality (Lees

Transvaginal sonography ( TVS) Initially described for ovarian 2001). Ultrasound developments have led to `cleaner' images with

follicle monitoring in 1984, TVS is now the method of choice for less speckle, clutter and other artefacts, while increases in com-
monitoring infertility disorders, the differentiation of the normal puling power now allow real-time 3D rendering in the machine
and abnormal first trimester pregnancy, and the diagnosis of rather than on an offline workstation. Many of the early publica-
cetopic pregnancy. Its major advantage is the ability to use a tions on 31) fetal ultrasound concentrated on the fetal face and
higher frequency transducer nearer to the organs of interest, thus skeleton. Several articles have shown significant improvements in
facilitating higher resolution imaging of the uterus, ovaries, the identification of cleft lips (Johnson et al 2000). while others
adnexa and euI de sac. Other advantages include the avoidance of have shown more information with skeletal dysplasias but no sig-
subeutaneous fat and the fact that scanning can be performed with nificant increase in overall diagnostic accuracy. The consensus
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Fig. 33.1 Two gesta-
tional sacs, each contain-
i ng a yolk sac: transvaginal

i mage.

view at present would seem to be that, while state of the art 31)

ultrasound produces excellent images, the value is still as an

adjunct to the 2D image rather than as a stand-alone system.

I n the report of the Royal College of Obstetricians and Gynaecolo-

gists on the use of the ultrasound examination in pregnancy (1984),

it was concluded that the benefits of a routine examination signifi-

cantly outweighed any potential adverse effect from the dangers of

the examination itself. The American position has remained sub-

stantially different, taking the view that, like any other medical test,

ultrasound should only he performed where there are sound clinical

indications (Box 33.1).

questions to he answered by a normal antepartum ohstetric ultra-

sound examination.

First trimester (commonly performed at 9-12 weeks of men-

strual age)

I Identify the gesvational sac and enihrvo. Determine the

sonographic age by measurement of the crown-rump length and other

measurements if near the end of the first trimester. This provides a

baseline for estimating the date of delivery, for assessing subsequent

growth and for the timing of biochemical screening.

2. Record the presence or absence or fetal life. This can

generally he accomplished by the sixth week JAS) or fifth week

( TVS) counting from the first day of the last menstrual period.

Where there is reasonahle doubt as to the viability of an embryo.

repeat scanning within 7 days should resolve the dilemma.

3. Document fetal number. Multiple pregnancy should only be

reported where multiple embryos (or yolk sacs) are seen (Fig. 33.1).

Counting separate fluid collections within the uterus may result in

Guidelines approved by the American Institute of Ultrasound in false-positive diagnoses. Assess the chorionicity where multiple

Medicine (Leopold 1986) serve as a useful summary of the gestations are seen (see Twin Pregnancies, p. 1 063)

4. Lsamine the uterus and adnevol structitres. This allows

i dentification of incidental findings which may be of clinical
Box 33.1 I ndications for an obstetric ultrasound

significance, e.g. uterine or cervical myomas.
examination

5. Measure the nuchal translucency for the detection of

1. Estimation of gestational age for patients who are to undergo elective chromosomal disease and other structural abnoi malities (see

repeat caesarean section (over 25% of the totat in some states), Genetic Screening, p. 1048).
induction of labour or etective termination of pregnancy

2. Evatuation of fetal growth (where there is a genuine reason for
believing that uteroplacental insufficiency, intrauterine growth Second and third trimesters (but commonly performed at

retardation or macrosomia may exist 1 8-20 weeks)

3. Vaginal bleeding of undetermined aetiology I . Document fetal life, number cold presentation. Multiple
4. Determination of fetal presentation in labour

pregnancies require the reporting of additional information, such as
5. Suspected multiple gestation placental number, sac number and comparison of fetal size. Fetal
6. Adjunct to amniocentesis malpresentations may he due to an associated fetal malformation.

7. Significant uterine size/clinicat dates discrepancy which should he sought.

8. Pelvic mass detected clinically 2. Estimate the amount ofamniotic fluid and assess whether it is

9. Suspected hydatidiform mole i ncreased, decreased or normal, while taking into account the

1 0. Cervical cerclage normal physiological variation with the stage of pregnancy.

11. Special procedures 3. Record the placental location and its relationship to the

12. Suspected fetal death
i nternal cervical os.

13. Suspected uterine abnormality
4. Assess gestational age using the biparietal diameter, head

14. I UCD localisation
circumference, femur length or a combination of these. Fetal weight

may he assessed and expressed both in grams and also as a percentile
15. Ovarian follicle development surveillance

based on the patient's menstrual age. The appropriateness of interval
16. Biophysical profile after 28 weeks of gestation change should be given if previous studies are availahle. Finally, every
17. Observation of intrapartum events obstetric ultrasound report should relate the calculated sonographic

18. Suspected poly- or oligohydramnios age to the patients menstrual age.

19. Suspected abruptio placenta

20. Adjunct to externat version from breech to vertex presentation

21. Estimation of fetal weight and/or presentation in premature rupture
of the membranes or premature labour

22. Abnormal serum u-fetoprotein value for gestational age

23. Follow-up of identified fetal anomaly

24. History of previous congenital anomaly

25. Serial evaluation of fetal growth in multiple gestations

26. Estimation of gestational age in late registrants for prenatal care

*As agreed at a consensus conference of interested parties-The Use of
Diagnostic Ultrasound During Pregnancy (1984).



Gestational age may be estimated from the measurement of various
fetal parameters. Different parameters are more reliable at different
gestational ages (Table 33.1 ), as discussed below.

First trimester

I . The gestational sac may be identified by transabdominal
scanning at 5 weeks and approximately a week earlier by transvaginal
scanning. The mean sac diameter (MSD) correlates well with
menstrual age during the early first trimester, with similar confidence
li mits to the crown-rump length during the early first trimester.

Fig. 33.4 Crown-rump lengths, with measurements on TVS of: 8 mm,
corresponding to a gestational age of 7 weeks (A); 31 mm, corresponding
to a gestational age of 1 0 weeks (B).

2. The embryo is consistently visualised from 6 weeks with TVS

and a week later with TAS. Several published data sets arc available
for the estimation of the gestational age from the crown-rump length,
generally regarded as the most accurate method of pregnancy dating
between 6 and 10 weeks, when the variability is ± 5 days. The
crown-rump length is measured along the longest axis of the embryo
(Fig. 33.4), care being taken not to include the adjacent yolk sac. Later
i n the first trimester spinal flexion may produce a falsely low value
and, in general, once the structure of the fetal bead is apparent, the
biparietal diameter should be used instead.

3. Nuchal transluceruey may be assessed towards the end of the
first trimester. Increased values may be related to a range of fetal
chromosome disorders as well as cardiac abnormalities. This will
be considered further under Genetic Screening (p. 1 048).

Second and third trimesters

1. The biparietal diameter can be measured from around
9 weeks until the end of pregnancy. Measurements are made on a
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Table 33.1 Variability associated with fetal age: estimates derived
from anatomical parameters

Parameter Age variability (weeks)

6-14 1 2-18 24-30 36-42

CRL ±0.4

BPD ±1.2 ±2.2 ±3.2

FL ±1.6 ±2.8 ±4.0

HC ±1.2 ±2.1 ±2.7

AC ±1.7 ±2.2 ±3.0

BPD, HC, AC, FL +1.1 ±1.8 ±2.3

Fig. 33.2 Profile face and
upper thorax, early second
tri mester.

Fig. 33.3 Epignathus: coro-
na) image through the face
showing soft-tissue mass (ar-
rows) bulging from mouth.
1 8 week gestation. 0 =
orbits.

5. Evaluate the uterus and adnexal structures, although it should
he noted that this becomes more difficult later in pregnancy.

6. Assess the, fetal sinus by looking at fetal position and lie.
7. The following fetal anatomy should be demonstrated as a

mini mum: cerebellum, cerebral ventricles, spine, four-chamber heart
and outflow tracts, stomach, kidneys and urinary bladder, umbilical
cord insertion on the anterior abdominal wall, and all four limbs.
Depending on the fetal position the face may be visible (Fig. 33.2)
and associated abnormalities demonstrated (Fig. 33.3). The exact role
of fetal anomaly scanning is debated and may be more appropriate in
the high-risk pregnancy rather than in a routine screening population.

Computerised reporting systems are available on which all the

above data can be recorded by a combination of menu-driven and
free-form comment. Where sequential studies have been performed,
growth curves and summary sheets can be printed.
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standard transverse axial plane passing through the widest portion
of the skull, with both the thalamus and cavum septum pellucidum
in the midline. By convention, the distance recorded is that between
the leading edges of the two temporoparietal bones (Fig. 33.5).
Figures 33.6-8 show various levels at which measurements would
be incorrect. There are many tables and graphs that give the mean
gestational age with confidence limits for each measured value of
biparietal diameter.

2. The head circumference , measured on the same plane as the
biparietal diameter, is a more accurate predictor of gestational age
when the skull shape is abnormal. Computation is either by a

Fig. 33.5 The mea-
surement of the bipari-
etal diameter (leading
edge to leading edge).
csp = cavum septum pel-
l ucidum; tv = third ven-
tricle, T = thalamus.

Fig. 33.9 (A) An appropriate level for measurement of the abdominal
circumference: transverse image in a second trimester fetus. S = spine;
STOM = stomach; P.V. = portal vein. (B) Longitudinal image through
abdomen showing oblique course of portal vein through the liver (arrows).
Measurement of the abdominal circumference from a section in the same
plane as the portal vein will give a falsely elevated value.

trackball and cursor or by measurement of two orthogonal
diameters, both methods giving similar accuraeies. Variation in
skull shape may also be documented with the cephalic index, a
short:long axis ratio with a normal range of 0.7-0.86.

3. The abdominal circumference , measured in the same way as
head circumference, is less accurate in establishing gestational age
than the biparietal diameter. As the abdomen suffers first in
asymmetric growth retardation, however, the ratio of head to
abdominal circumference is a useful indicator of this condition. The
abdominal section used should be approximately round and pass
through the upper abdomen and liver. Suitable landmarks arc the
upper portion of the stomach and a short section of umbilical vein

Fig. 33.7 Transverse image through
l ying in the anterior portion of the abdomen and equidistant from

skull base. A = anterior cranial fossa; the lateral walls of the abdomen (Fig. 33.9A). Care must be taken to

M = middle cranial fossa; C = cerebel- measure the abdominal circumference in a plane perpendicular to
l um; cm =cisterna magna. the long axis of the fetus. A section incorporating a longer section

of umbilical vein will necessarily be oblique (Fig. 33.9B) and
therefore produce an artificially large abdominal circumference.

4. The femur is the only long hone routinely measured, although
biometrie tables exist for all the fetal long hones. Uses include the
assessment of fetal age when the head is in a position unsuitable for
measurement of the biparietal diameter and, less commonly, for the
detection of mierocephaly and fetal skeletal dysplasia. Measurement
i s made along the long axis of the diaphysis, disregarding the
curvature of the medial border and also the non-ossified proximal and

distal epiphyseal eartilages (Fig. 33.10). Various pitfalls in
measurement exist, including foreshortening due to oblique imaging

Fig. 33.8 Transverse image
near vertex. The arrows delin-
eate bright lines originally
thought to be the ventricular
wall but now accepted as
venous structures in the periven-
tricular white matter.

Fig. 33.6 I mage oblique to trans-
verse axial plane. B = brainstem;
C = cerebellum.



Fig. 33.12 A normal 6-week embryo (cursors). Note the adjacent yolk
sac and thick echogenic ring of the normal gestational sac.

Gestational sac The normal sac is round or oval with a smooth
contour and is generally located in the fundus or middle uterus.
TVS clearly demonstrates the normal eccentric location in rela-
tion to the endometrial cavity (Fig. 33.11 ). The sac may be first
seen by TVS when the sac diameter is 2-3 mm, corresponding to
a gestational age of approximately 4 ; weeks. The corresponding
values with TAS arc a diameter of around 5 mm and a gestational
age of 5 weeks (Table 33.2).

Discriminatory gestational sac size The normal yolk sac,
amnion and embryo can always be identified at a certain gesta-
lional age and therefore, by definition, when the gestational sac
has reached a certain discriminatory size.

Different researchers have suggested that, on TAS, a living
embryo should be seen once the gestational sac diameter exceeds
values ranging from 17 to 30 rum, with corresponding values for
TVS varying from 9 to 18 mm. Values can be established in a
similar way for the appearance of the yolk sac, seen on TAS with
sac diameters in excess of 20 mm and on TVS with diameters
greater than 6-10 mm.

Once the relevant discriminatory sac size has been reached the
normal embryo can be consistently seen as a discrete structure with a
measurable crown-rump length and fetal heart (Fig. 33.12). The
beating fetal heart has variously been demonstrated with crown-rump
lengths of between 3 and 6 mm (with TVS and TAS, respectively),

Fig. 33.11 (A) 42 week gestational sac (S) measuring 3 mm in diameter.
Note the eccentric position in relation to the endometrium (E). (B) A mag-
nified image, again demonstrating the gestational sac, demarcated by
cursors.

Table 33.2 Detection of fetal structures by both transvaginal (TVS)
and transabdominal (TAS) ultrasound

Sign or fetal structure Menstruat age when detected (weeks)

TVS TAS

Gestational sac 4 z 5

Double decidual sac sign (DDSS) ?? 5
Double 'bleb' sign ?? 6-7
Yolk sac 5 6-7
Fetal heartbeat 5 z 6 z

Head 8 9
Ventricles 8 2 11

Fig. 33.10 Normal femur.
Length of shaft (arrows).
bl = fetal bladder.

and artefactual lengthening due to inclusion of the hyperechoic `distal
femoral point'.

5. Multiple fetal growth parameters. The well-known and
progressive increase in variability known to occur in predicting
gestational age from any one fetal measurement reaches a
maximum of ±3 weeks in the third trimester. Hadlock et al (1984)
developed regression equations for predicting menstrual age
throughout pregnancy using various combinations of the biparietal
diameter, head circumference, abdominal circumference and
femoral length. They demonstrated a significant reduction in overall
variability and maximum error when using a combination of
parameters rather than a single measurement. Such regression
models are easily programmable into a microcomputer, so that
optimum choices are made, depending on the number of technically
satisfactory measurements made in any particular case. Commercial
software can now be purchased which will analyse body
proportionality (using the cephalic index, HC:AC, FL:AC and FL:
BPD ratios) and will calculate age, weight and weight percentile,
based on the appropriate measurements.
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Fig. 33.14 (A) Pseudogestational sac (arrows): longitudinal image in a
patient with an ectopic gestation. M = myometrium. (B) Pseudogestational
sac. (Reproduced from Nyberg et al 1983).Fig. 33.13 (A) A normal intrauterine pregnancy: longitudinal image

showing double decidual sac sign (arrows). YS = yolk sac; BL = bladder.
(B) First trimester gestational sac. (Reproduced from Nyberg et al 1983).

while others have claimed it may be seen as a discrete pulsation adja-
cent to the yolk sac even before the embryo itself is visible.

The double decidual sac sign (DDSS) This consists of two con-
centric echogcnic rings surrounding at least a part of the gesta-
tional sac, and is thought to represent the decidua parietalis and
adjacent decidua capsularis (Fig. 33.13). Described by several
authors, this sign is thought to provide reliable distinction
between the true gestational sac of an intrauterine pregnancy and
the pseudogestational sac seen with an ectopic pregnancy, in
which only a single echogenic layer of decidua surrounds an
i ntraendometrial fluid collection (Fig. 33.14).

Once the embryo reaches 10 mm in crown-rump length the head
may be differentiated from the body on TVS. The embryo techni-
cally becomes the fetus at 10 weeks after the last menstrual period,
at which time the crown-rump length measures approximately
30-35 min (Fig. 33.15).

Fig. 33.15 Normal 10-week fetus with a crown-rump length of 32 mm.
H = head; B = body; YS = yolk sac.

Although such symptoms may be caused by a cervical erosion or
polyp. they more commonly suggest a threatened abortion.

Possible explanations include:

• Intact intrauterine pregnancy (50 (k ).

Bleeding in the first trimester, with or without associated uterine • Missed abortion (25-30(/()-a fetus without heart or limb

cramping, represents a fairly common problem in early pregnancy. motion which still remains within the gestational sac. The fetus



Fig. 33.17 Blighted ovum: transvaginal image showing empty gesta-
tional sac measuring 2.6 cm in length. No fetal pole or yolk sac identified.
The menstrual age was 12 weeks.

may he merely smaller than expected for the sac size or may

appear lornlless, depending on the length of time since demise
( Fig. 33.16).

• BIighted ovum (20-25% )--an anembryonic pregnancy in which

t he gestational sac is present but empty (Fig. 33.17). Chromosomal
abnormalities are present in approximately 50% of cases.

• Incomplete abortion, i n which only a part of the products of

conception remains within the uterus, the remainder having been
expelled.

• Inevitable abortion, i n which the gestational sac and fetus have
become detached from the implantation site and lie in the lower
uterine segment or vaginal canal. Once the cervix becomes
dilated, abortion is inevitable, often within a matter of hours.

• Complete spontaneous abortion, in which all the products of
conception have been expelled.

• Ectopie pregnancy.

• Hydatidiform mole.

Fifty per cent of patients with a threatened abortion will subse-
quently abort. Of those in whom a fetal heart is demonstrated,
however, over 90% of pregnancies will continue and in these
patients management is expectant. The priority for sonographic
diagnosis is thus to determine the presence or absence of fetal life.
Embryonic demise must he documented with care.

Fig. 33.18 A small gestational sac containing an embryo with beating
heart. The menstrual age was 6 weeks 6 days and the crown-rump length
was in agreement with this. Three days later there was a complete sponta-
neous abortion.
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Table 33.3 The early diagnosis of non-viable pregnancy:
correlation of gestational sac diameter with detection of yolk sac
embryo

Mean sac diameter (mm)

TVS TAS

Yolk sac not detected >8 >20
Embryo not detected 1 6 >25

From Levi et al (1988) and Nyberg et at (1986).

I n many cases abnormal gestations cease development before the
formation of a detectable embryo. Various authors have assessed the
sonographic distinction between the gestational sac of an early normal
i ntrauterine pregnancy and the sac of an abnormal gestation.
Reference may be made to the discriminatory sac sizes, as docu-

Fig. 33.16 A missed abortion. The rather amorphous embryo is marked merited above, and typical criteria are given in Table 33.3 for the

by cursors. No fetal heart identified. Sonographic age 7 weeks, compared detection of both the yolk sac and embryo by TAS and TVS. Using
with a menstrual age of 10 weeks. data from these authors an abnormal gestation may he reliably pre-

dicted if, for instance, a yolk sac is not identified by TVS when the sac
measures greater than 8 mm across. More cautious criteria have been
published by the Royal Colleges of Radiologists and Obstetricians and
Gynaecologists Guidance on Ultrasound Procedures in Early

Pregnaney (1995). This Standing Joint Committee on Obstetric
Ultrasound has indicated that, on TVS. a sac diameter of greater than
20 nun with no yolk sac or embryo is highly suggestive of a blighted
ovum, and that, if an embryo greater than 6 turn in length has no evi-
dence of cardiac pulsations, then this is highly suggestive of a missed
abortion. Where these criteria are not met it is suggested that another
examination should he performed alter a further week to assess inter-
val change. Other pointers to an abnormal gestation include an unusu-
ally small sac (Fig. 33.18) ( Bromley et al 1991), a thin or weak
decidual reaction, irregular contour (Fig. 33.19), absent double decid-
ual sac, and low position. An abnormal shape or size to the yolk sac
(Lindsay et al 1 992) and an unusually thickened amniotic membrane
( Fig. 33.20) (Horrow 1 992) have also been shown to be associated
with a poor pregnancy outcome.

Human chorionic gonadotrophin
hCG, secreted by trophohlasts, shows an exponential rise after

i mplantation, and serum levels can he detected by three menstrual
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growth retardation (IUGR) who are born small for gestational age
have a significantly higher perinatal morbidity and mortality than
those in the normal weight range. For valid management decisions to
be made, an attempt must be made to distinguish between these

groups.

I n symmetric growth retardation there is a uniform reduction in the
weight of all organs, including the brain. It begins in the second
trimester and affected fetuses show a higher incidence of chromoso-
mal abnormalities, congenital malformations, intrauterine diseases
and exposure to nicotine and other drugs. Genetically small but
otherwise healthy babies are also included in this group.

Asymmetric growth retardation occurs primarily in the third

trimester. The trunk is affected earlier and more severely than the
head, and weight more than length. The major factor is uteroplacen-
tal insufficiency, due to maternal hypertension, renal disease, dia-
betes mellitus and idiopathic causes. This is the commoner form,
accounting for 70-80% of all eases.

1. Establish an accurate gestational age. This value must be

determined as early as possible in pregnancy (when the variability
associated with age estimation is least) and becomes the reference
for later studies.

2. Various parameters (e.g. BPD, HC, AC, FL) measured in
subsequent studies may be related by means of tables or graphs to
the original estimation of gestational age and an assessment made
as to whether values are smaller or greater than expected.

Controversy exists as to the value of the various parameters in use for
the estimation of IUGR. It is generally accepted that the size of the
fetal trunk correlates most strongly with the overall size of the fetus
and that an abdominal weight can be calculated from the measured
abdominal circumference. Nevertheless, using the estimated fetal
weight to identify babies born below the tenth percentile for weight
gives a positive predictive value of only 24%o at 25 weeks and 55% at
38 weeks. Better results are obtained using the ratio of head to abdom-
i nal circumference (62% positive predictive value) but even in this
ease 38% of fetuses with an abnormal test result will prove to he
normal. The use of multiple sonographic parameters for the more
accurate estimation of fetal weight is under evaluation and has been
claimed to provide more reliable results (Benson et al 1990).

Both the fetoplaeental and uteroplaeental cireulations may he
studied with Doppler ultrasound. As normal gestation progresses,
blood flow through the placenta increases due to a reduction in pla-
cental vascular resistance. Conversely, an increased placental resis-
tance may result in a reduction in blood flow, manifest as a
diminished or absent end-diastolic flow. Various indices (systolic:
diastolic ratio, resistive and pulsatility indices) have been used to
quantify these changes. The umbilical and uterine (arcuate) arteries
are the vessels most commonly studied, but use has also been made

of the fetal aorta and carotid vessels.
Studies have shown that increased values for the above indices,

Babies growing at under the tenth percentile for age constitute a associated with a reduction in end-diastolic flow in the relevant

heterogeneous population, some being growth retarded and some vessel, are associated with IUGR and poor fetal outcome

merely constitutionally small. Babies suffering genuine intrauterine ( Rochelson et al 1987). Other associations include pregnancy-

Fig. 33.20 Thickened amniotic membrane. A 2 mm fetal pole (F) was
i dentified in this pregnancy with a menstrual age of 12 weeks. No fetal
heart identified.

weeks. There is a strong correlation between hCG levels, menstrual
age and gestational sac size before sonographic demonstration of
the embryo. Thus, as with the MSD, there are discriminatory hCG
l evels above which the gestational sae, yolk sae and embryo should
always be seen. Where the gestational sac is small or absent, these
discriminatory levels may provide valuable additional information
i n differentiating between the normal and abnormal gestation.

Normal sae growth rates have been shown to be around 1.1 mm
per day, while increases of less than 0.6 mm per day indicate abnor-
mal development (Nyberg et al 1987a). These findings have practi-

cal implications for determining the optimum time interval between
serial ultrasound examinations when an embryo or yolk sac is not
seen on the initial study. Where a gestational sac appears abnormal
on the initial study, a repeat study a few days later should show sub-
normal sae growth and a failure of the normal 48 h hCG doubling
ti me. Where a gestational sac appears sonographieally normal,
knowledge of normal sac growth rates allows re-examination to be
scheduled when the sae size is expected to be 20-25 mm and an
embryo and/or yolk sae present.

Once an unequivocal decision has been made about the non-
viability of a pregnancy there is little point in delaying therapeutic

evacuation of the uterus.

Fig. 33.19 An irregular
gestational sac (S) with weak
decidual reaction and embry-
onic remnants (cursors). No
fetal heart identified. The
menstrual age was 12 weeks.
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before specific findings of a normal intrauterine pregnancy are
demonstrated.

Various authors have shown that the double decidual sac sign
(DDSS) (Fig. 33.13) is both sensitive and specific as an indicator of a
normal intrauterine pregnancy. It does not, however, completely
exclude either an ectopic gestation or an abnormal intrauterine preg-
nancy. Hormonal stimulation from an ectopic gestation may also
cause endometrial thickening similar to that seen in an early intrauter-
i ne gestation, and fluid collections within the endometrial canal may
be seen in up to 20% of such cases. These `pseudogestational sacs' arc
generally surrounded only by a single echogenic halo (Fig. 33.14), the
result of decidual changes within the endometrial tissues.

Correlation with serum B-hCG l evels is necessary where there is
persisting doubt about whether the uterine contents represent a true
or pseudogestational sac. Work by Nyberg et al (I 9876) showed that
the absence of an intrauterine gestational sac when the (3-hCG level
exceeded 1800 miu/m1 was evidence for an cctopic pregnancy.

In addition, the normal gestational sac diameter/hCG correlation
was not found with the pseudogestational sacs of those patients
with an cctopic pregnancy.

In comparing normal and pseudogestational sacs, Doppler ultra-
sound has also been shown to he helpful in assessing peritropho-
blastic blood flow in some patients, one study showing high-velocity
low-impedance blood flow in all normal gestations over 36 men-
strual days.

The adnexa With TVS, a live embryo may be seen in the
adnexa in up to a quarter of patients with an ectopic pregnancy,
significantly more than with TAS (Fig. 33.21). Almost as signifi-
cant is the presence of an adnexal gestational sac, seen in up to
70% of patients with an ectopic pregnancy. These are usually
small and thick-walled and may be empty or contain a yolk sac or
embryo. They may sometimes be confused with a haemorrhagic
corpus luteum cyst, with which they may coexist in up to a
quarter of patients with an ectopic pregnancy.

Complex adnexal masses (Fig. 33.22) are seen with TVS in up to
90% of patients with an ectopic pregnancy, although rather less
often if the mass is predominantly cystic rather than solid. Pelvic
inflammatory disease with tubo-ovarian abscesses is an important
differential diagnosis, as are other pelvic masses such as an
endometrioma or dermoid. As described earlier, the ability to char-
acterise trophoblastic tissue with Doppler analysis may prove useful
in differentiating the various possibilities.

Fig. 33.21 Ectopic pregnancy noted in the right adnexa at a menstrual
age of 7 weeks 3 days. A beating heart was noted in the embryo (E) and a
yolk sac (Y) was present. There was surrounding haematoma.

Pregnancy testing With the advent of 0-hCG testing, pregnancy
may now be confirmed at a menstrual age of only 3 ' weeks.

Normal intrauterine gestations show a /3-hCG doubling time of
approximately 2 days, a rate not achieved by an ectopic preg-
nancy. Likewise, at any given gestational age B-hCG levels tend
to be lower for an ectopic than for an intrauterine gestation. In
those ectopic pregnancies with very low levels of /3-hCG the fetus
is probably already dead.

Ultrasonography (both TVS and TAS)
The uterus Coexistent intra- and extrauterine gestations occur

approximately once per 30 000 pregnancies (although rather more
frequently where the patient is undergoing ovulation induction).
Demonstration of an intrauterine pregnancy is therefore valuable
evidence against the existence of an ectopic pregnancy. Problems
nevertheless arise in the assessment of the very early gestation

induced hypertension. oligohydramnios, and caesarean section for

fetal distress. Although the exact place of these techniques in
routine screening remains a subject of debate, it is likely that they
will continue to play an important role in the assessment of the
high-risk fetus (Doubilet & Benson 1995).

Various fetal activities may be monitored with real-time ultrasound.
These include body movement, breathing, fetal tone, sleep states,
fetal heart rate, low in umbilical vessels, and the intrauterine
environment, including amniotic fluid volume. Scoring systems
i ncorporating a number of biophysical variables have been devel-
oped and these provide evidence of fetal risk and a basis for sub-
sequent management.

There have been several recent reviews of the role of ultrasono-
graphy in ectopic pregnancy.

The incidence of ectopic pregnancy is up to I % of all pregnan-

cies and is increasing. In the USA the condition is responsible for a
quarter of all maternal deaths and is also a major cause of female

i nfertility. Furthermore, 10% of subsequent pregnancies will also
result in an ectopic gestation. Recently there has been a reduction in

the attributable death rate, at least in part due to improvements in
diagnosis made possible by improving real-time ultrasound equip-
ment (and in particular by TVS) and also by the ability to readily

quantify serum B-hCG l evels.

Patients at risk These include those with:
• Previous ectopic pregnancy
• History of pelvic inflammatory disease
• Pregnant women with an IUCD in situ
• Previous tubal microsurgery or in vitro fertilisation
• Previous laparoscopic tubal coagulation.

Presenting symptoms The classic clinical triad of pelvic pain,
abnormal vaginal bleeding and a palpable adnexal mass occurs in
less than 50% of patients. In one series only 60% of patients
reported missing a menstrual period, and in approximately 40%
no pelvic mass was palpable.



Fig. 33.22 Ectopic pregnancy. A complex adnexal mass (M) in a patient
found at surgery to have a ruptured fallopian tube. The ovary (0) contain-
i ng follicles (F) is seen adjacent to the mass.

The cul de sac Fluid in the cut de sac increases the probability
that a pregnant patient has an ectopic gestation, although this may
also be seen with a ruptured or haemorrhagic corpus luteum cyst or
pelvic inflammatory disease. Clot, in association with haemorrhage,

may cause the cul de sac fluid to become even more echogenic than
the adjacent myometrium and so simulate a solid mass. This appear-
ance is highly suggestive of haenwperitoneum and, in the appro-
priate clinical situation, a ruptured ectopic pregnancy.

Clinical management (positive pregnancy test assumed)

• The presence of a normal intrauterine pregnancy makes a
coexistent extrauterine gestation very unlikely.

• The only certain evidence of an extrauterine gestation is
visualisation of a viable embryo in an ectopic location.

• Patients with no intrauterine gestation and with the presence of an
adnexal mass and/or cut do sac fluid are at substantial risk of an
extrauterine gestation. TVS, in combination with discriminatory
sac sizes and B-hCG l evels, as well as duplex and colour Doppler
ultrasound may all increase diagnostic accuracy.

Patients in whom the diagnosis remains in doubt, and where the delay
of repeat sonographic and immunological studies is inadvisable, may
require more invasive investigation. Conventionally, the possibilities
i ncluded uterine dilatation and curettage, culdocentesis and
l aparoscopy. the last of these being the single most accurate method
for confirming the presence of an ectopic gestation prior to surgery.

More recently it has been shown that between a quarter and two-
thirds of ectopic pregnancies may resolve spontaneously, in particu-
l ar where the B-hCG level is relatively low, the size of the gestation
i s small, and the vascularity of the adnexal mass is limited.
Expectant management may therefore he possible in a clinically
stable patient fulfilling these criteria. Other alternatives to opera-

tive management include systemic methotrexate, which has proved
successful in the management of a high proportion of unruptured
ectopic pregnancies, and local injection of either methotrexate or
potassium into the ectopic gestation. Encouragingly, a high propor-
tion of those treated with systemic methotrexate subsequently
demonstrated tubal patency on hysterosalpingography and over half
of these later achieved a normal intrauterine pregnancy.

Salpingectomy is the most common surgical treatment at Iaparo-
tomy where there is tubal rupture or significant local haemorrhage.

Many genetic disorders are now amenable to prenatal diagnosis
( Box 33.2). Ultrasound plays a central role, not only in the primary
diagnosis of fetal structural anomalies, but also in the guidance of
amniocentesis needles and chorionic villous sampling catheters by

which genetic material is made available for analysis. In recent
years increasing weight has been given to the measurement of the
fetal nuchal translucency in the first trimester and to a number of
other ultrasonographically detected 'soft markers' of chromosome
disease.

Amniocentesis Although amniocentesis is usually performed at
around 16 weeks gestation, there have been recent suggestions
that an earlier examination at 11-14 weeks may be technically
satisfactory and offer advantages of earlier diagnosis. Amnio-
centesis entails aspiration of amniotic fluid through a fine needle
directed under ultrasound guidance. Ideally the chosen needle
track avoids the placenta, but it has been shown that a needle tra-
versing the placenta produces no increase in the expected abortion
rate. The risk of fetal loss from amniocentesis is generally quoted
as below 0.5%. Desquamated fetal cells within the amniotic fluid
are grown in tissue culture and karyotyped or used for a variety of
metabolic assays. These processes may take up to 3 weeks to
pert orm, thereby allowing time for therapeutic abortion to be con-
sidered if clinically indicated.

Chorionic villous sampling ( CVS) Ultrasound is also used to
guide placement of the transccrvical sampling catheters (and less
commonly transabdominal needles) through which chorionic
villous cells are aspirated from the trophoblast. This technique,
which is performed at around 9-11 weeks gestation, has a fetal
l oss rate little different from that which would be expected in any
case at this stage of pregnancy.

Fetal blood sampling Blood and, less commonly. tissue may be
sampled under either direct fetoscopic or indirect percutaneous
sonographic guidance. Analysis of fetal blood cells takes only
2-3 days.

Maternal serum a-fetoprotein ( MSAFP) screening Generally
performed at between 15 and 20 weeks, MSAFP detects up to 90%
of fetal neural tube detects. Approximately 5% of screened preg-
nancies have a significantly elevated MSAFP level and are referred
for detailed sonographic evaluation to rule out multiple gestation,
demise or structural abnormality. In one large series (Anderson et al

Box 33.2 Indications for the prenatal diagnosis of genetic
disorders

• Chromosomal abnormality (advanced maternat age or affected sibling)
• Single gene defects (sibling with metabolic disorder)
• Multifactorial disorders (including previous child with neural tube

defect)
• Environmental defect (drugs, infectious agents)

Modified from Callen (1988).

Salpingostomy with expression of the ectopic from a tubal incision
may be appropriate in some patients and may he performed laparo-
scopically, although occasionally a further operation may he neces-
sitated by clinical status or elevated B-hCG levels.
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Fetal gender This may be accurately determined at or after
20 weeks gestation in 95-100% of fetuses. More recent work has
used both TAS and TVS for earlier assessment. Overall success at
1 2-14 weeks was 80% in one study (Whitlow et al 1999), identifi-
cation increasing with gestational age and being highest at 14 weeks
(90%). In relation to genetic screening, the clinical value of sex
determination is in deciding whether to carry out prenatal invasive
testing in pregnancies at risk of sex-linked genetic abnormalities,
where testing would be necessary only with male fetuses.

1 986) virtually all significant anomalies (neural tube defect, cystic
hygroma and omphalocele) were detected by ultrasound, and those
fetuses normal on sonographic examination proved to he normal at

birth. Elevated MSAFP levels may occasionally (up to I%) be seen
with chromosome abnormalities but in the majority of these cases
there will be either significant coexistent physical abnormalities or
more subtle pointers to genetic disease (such as choroid plexus
cysts), which will be detected by sonography. Although practice
yaries, ultrasound may obviate the need for subsequent amniocente-
sis in many of those patients with an elevated MSAFP.

Apart from the significance of a high MSAFP there is an associa-
tion between a low value and trisomy 21. Detection of this condi-
tion may be further refined with the `triple test', measuring the The brain The fetal brain was one of the first areas examined for
human chorionic gonadotrophin and serum oestriol as well as the abnormality, not only because the head was routinely imaged for
MSAFP. These tests, as well as other sonographically detected soft the biparietal diameter, but also because CNS anomalies are
markers (see below) may prove to be of use in routine screening for among the commonest birth defects. Furthermore, such anomalies
this condition. frequently carry severe clinical implications and their early recog-

Nuchal translucency This describes the maximum thickness of nition thus allows for the possibility of early therapeutic termina-

eubcutaneous translucency between the skin and the soft tissue lion. With TVS it is possible to distinguish the fetal head and

overlying the cervical spine of the fetus. When increased (>3 mm torso from 7 weeks gestation. At this time the fetal brain is seen

between 10 and 14 weeks gestation) there is a well-established as a single ventricle, while by the ninth week two lateral ventri-

association with chromosome abnormality (Nicolaides et al 1992) cles largely filled with choroid are apparent, surrounded by a thin

as well as with other structural anomalies (in particular cardiac cerebral mantle. The thalamus, third ventricle, midbrain, brain-

abnormalities, diaphragmatic hernia, omphalocele and body stalk stem and cerebellar hemispheres have formed and change little

abnormalities). In centres where first trimester nuchal trans- throughout the rest of pregnancy, other than to enlarge progres-

l ucency screening takes place, an abnormal result necessitates sively. Significant facial development takes place during the

formal chromosomal analysis by either early amniocentesis or middle of the first trimester, with the bony elements of the

CVS. Where the chromosome complement proves normal there mandible, maxilla and orbits being seen by 10 weeks (Fig. 33.23).

should be detailed transvaginal scanning in the first trimester, By 18 weeks there has been marked thickening of the hypoechoic

with further second trimester transabdominal scanning at around cerebral cortex and the ventricles appear less prominent.

21 weeks in the search for structural abnormalities. The spine The earliest spinal structures may be seen at 7-8 weeks
The advantages of such screening are, of course, the earlier with TVS (Fig. 33.24). Although the spine is seen clearly with

detection of abnormality and the possibility that suction terming- TAS as two parallel echogenic lines from 12 weeks on, develop-
tion may be possible in appropriate cases. One major disadvantage mental changes that take place during the first half of the second
is the anxiety and grief caused to parents making decisions about tri mester make 18-20 weeks a more satisfactory time for the
whether or not to progress a pregnancy when there is already a high assessment of normality. The fetal vertebra is composed of three
natural loss rate in fetuses with chromosomal abnormalities and ossification centres: the anterior, which forms the vertebral body
major structural anomalies. Others include difficulties in obtaining (centrum), and two posterior centres, which form the posterior
a reliable nuchal measurement in a significant proportion of fetuses, neural arch. Full assessment requires imaging in three planes: the
determining the significance of minor abnormalities, and the oblique coronal (Fig. 33.25 through the anterior centrum and one
absence of any pathological confirmation of the diagnosis.

'Soft markers' of chromosome abnormality There is some
association of minor but relatively common sonographic abnor-
malities (including choroid plexus cysts, mild renal pyelectasis,
nuchal (hickening, shortened femur or humerus, echogenic bowel
and mild ventriculomegaly) with chromosome abnormalities,
although this has not been fully assessed in unselected popula-

tions (Chitty 1998). The majority of reported studies are based on
selected populations and do not allow for known risk factors such
as maternal age or serum markers. Uncertainty surrounds the
value of these markers, with some units offering amniocentesis to
affected individuals whereas others do not even mention or docu-
ment the findings unless more than one marker is present.

In general, prior risk based on maternal age and serum markers

may be modified by the presence of soft sonographic markers.
Based on a detailed search for specific sonographic markers in
patients at high risk of Down's syndrome, sensitivities and speci-
ficities in excess of 90% have been reported. Equally, where no Fig. 33.23 A normal 10 week fetus. This coronal image of the face shows
markers were found, prior risk could be reduced by up to 50%. the orbits (o), maxilla and mandible (m).



Fig. 33.25 Oblique coronal images: cervical (A) and lumbar (B) spines.
0 = occiput; S = intact skin surface; st = nuchal soft tissues; sc = spinal cord.

posterior centre), the true coronal (through both posterior centres)
and the transverse (Fig. 33.26). The centra are ossified first in the
l ower thoracic and upper lumbar regions, followed by progressive
ossification in both the cephalic and caudal directions. In contrast,
ossification in the posterior centres follows sequentially in a cran-
i ocaudal direction from the cervical region downward, and may
not be seen in the lumbar spine until 22-24 weeks and in the sacral
spine until 25 weeks or more. Awareness of these features is neces-
sary to prevent false-positive diagnoses of spinal dysraphism.

Neural tube defects result from failure of the neural tube to close in
early embryogenesis. These malformations include defects such as

Fig. 33.26 Transverse images. (A) Lumbar spine with three ossification
centres forming a complete 'ring' (large arrows) in a third-trimester fetus.
The two kidneys are seen on either side. (B) Lumbosacral junction. LW = iliac
wings; A = lower abdomen.

the fatal condition anencephaly and various forms of spina bifida,
ranging from the severe lumbar myelomeningocele to the poten-
tially surgically correctable meningocele. Neural tube defects are

disorders of polygenic multifactorial inheritance, with an overall
i ncidence of 1-2 per thousand live births in the USA and as many
as 4.5 per thousand live births in the UK. Not only are they rela-
tively common compared with other fetal anomalies but they are
also associated with a high rate of perinatal mortality, morbidity
and long-term disability. Current technology, both immunological
and sonographic, has meant that most neural tube defects can be
recognised sufficiently early for therapeutic termination to be a
realistic possibility.

Diagnosis A positive family history in either parent results in an
i ncreased risk of occurrence in the offspring (5%); in a couple
with a prior affected child, the risk of recurrence is approximately
2%. Over 90% of neural tube defects occur in families without a
positive family history.

Reference has already been made to the use of maternal serum
a-fetoprotein screening and amniocentesis in the diagnosis of neural
tube defects. If screening is applied to all pregnant women, few cases
will be missed. Such a test works well for a very large group of fetuses
with a low prevalence of disease, but there will be both false-positive
and false-negative cases. Sonography subsequently provides an effec-
tive second-line test for discriminating the normal from the abnormal
(and neural tube defects from other causes of a high MSAFP) in a
small group of fetuses with a high prevalence of disease.

Anencephaly This accounts for 50-65% of all neural tube defects

and is the commonest anomaly affecting the CNS. There is a
failure of closure of the neural tube at its cephalic end between

Fig. 33.24 A normal fetus with
a menstrual age of 8 weeks 3
days. The parallel echogenic lines
of the developing spine (S) can be
seen.
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Fig. 33.28 Encephalocele
(small arrows) with visible sulci.
D = calvarial defect.

but are commoner in the lumbar or lumbosacral regions (90%)
than in the thoracic (6%,('%) or cervical (3%) spines. Isolated menin-
goceles are unusual compared with the commoner myelomenin-
gocele. Prognosis tends to be worse for higher and larger lesions.
or when there are other associated anomalies. Despite this, predic-
tion of neurological deficit is frequently unreliable and demon-
stration of lower limb movement and bladder emptying in utero is
no guide to function after birth.

Sonographic diagnosis may be difficult. The spine should be
i maged in all three planes (sagittal, coronal and transverse), as any
one of these may show abnormalities not demonstrated on the other
two.

The spectrum of abnormality ranges from complete spinal dis-
organisation (Fig. 33.29), through isolated abnormalities at different
l evels (Fig. 33.30), to subtle splaying of the posterior neural arches
demonstrated only on the coronal image. Classically, a divergence of
the posterior neural arches on longitudinal imaging (Fig. 33.31 A) is

Fig. 33.27 (A,B) Anencephaly in two fetuses showing prominent orbits
(arrows) and an absence of cerebral tissue more cranially.

the second and third weeks of development, which results in an
absence of the cerebral hemispheres but relative preservation of
the brainstem and portions of the midbrain. The main sonographic
features are symmetric absence of the cranial vault and normal
brain structures above large and prominent orbits (Fig. 33.27).

Polyhydramnios This may be seen in 40-50% of cases. Although
the diagnosis may be suspected by 12-13 weeks, it is more reli-
able by around 15-16 weeks, at which time the ossification in
normal calvarial bones is more obvious. Associated anomalies
include spinal defects (in up to 50%) and midline facial defects.

Encephalocele The least common neural tube defect, encephalocele
results in a bony calvarial defect which allows herniation of
meninges alone (cranial meningocele) or both brain and meninges
(encephalocele). Approximately 75% occur in the occipital midline,

t he remainder being divided between the frontal midline and parietal
regions. Sonographically detected as a fluid- or solid-filled structure
protruding from the calvarium, an encephalocele is usually fairly
easy to demonstrate (Fig. 33.28). It may be more difficult conclu-
sively to show a bony calvarial defect (necessary to distinguish an
encephalocele from the commoner cystic hygroma) and conversely
to guard against the possibility of producing bony defects by artefac-
t ual acoustic shadowing, a mistake which could lead to incorrect Fig. 33.29 Cervicothoracic
management decisions regarding the fetus. myelomeningocele: longitudinal (A)

and transverse (B) images with
Spina bifida This results from a failure of the neural tube to grossly abnormal distal spine (C,
close at 3-4 weeks. Lesions may occur anywhere along the spine arrows). (D) Equivalent radiograph.



Fig. 33.31 Cervical spina bifida: longitudinal (A) and transverse (B) images.
Note the 'V' shape rather than the normal 'ring' of ossification centres on the
transverse image.

Fig. 33.34 The 'lemon sign'. There is flattening of the frontal bones
(arrows) on this transverse image through the Bead.

meningocele the sae is fluid-filled (Fig. 33.32) but in the ease of a

myelomeningoccle it also contains solid tissue (Figs 33.29, 33.33).

Other pointers to the diagnosis which have attracted interest

recently include abnormalities of fetal cranial contour (the 'lemon

sign'; Fig. 33.34) and of the cerebellum (the 'Banana sign' •
Fig. 33.35). Initially described by Nicolaides et al (1986), these

signs have been shown to Be useful predictors of spina bifida in a

high-risk population, although in a routine screening population

their positive predictive values are much less (Filly 1988). Efface-

ment of the eisterna magna is another important pointer to the

Fig. 33.33 Meningomyelo-
cele: transverse image. Short
arrows = sac containing
neural elements; poc = splay-
ing of the posterior ossifica-
tion centres.

Fig. 33.32 Meningocele: transverse image. S = sac containing only fluid;
poc = splaying of the posterior ossification centres.

Fig. 33.30 Spina bifida with defects in the cervical (C), thoracic (T) and
l umbar (L) spines. Longitudinal (A) and magnified (B) images.

accompanied by a 'V'-shaped profile on transverse imaging

(Fig. 33.31 B), due to outward flaring of the two posterior ossifica-

tion centres. The presence of an intact sae seen as an extension from

the posterior aspect of the spine makes the diagnosis easier; con-

versely, when a sae is not seen, either because it has ruptured or is

compressed against adjacent structures, the diagnosis must be made

by demonstrating the 'bony' defect of spina bifida. With a simple
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Fig. 33.35 The 'banana
sign'. Note the cerebellum
(arrows) stretched around the
brainstem (B) with effacement
of the cisterna magna.

Fig. 33.36 Ventriculomegaly: Fig. 33.38 Dandy-Walker syndrome. The posterior fossa cyst measures
transverse image through fetal 12 x 9 mm in this fetus with a gestational age of 19 weeks. A hypoplastic
head. a/b = lateral ventricular cerebellum was identified and there was also ventriculomegaly with a ven-
ratio. tricular atrium measuring 14 mm across.

Arnold-Chiari malformation, as is ventriculomegaly, seen in
80-90% of cascs of spina hifida. Fig. 33.37 One of bilateral choroid plexus cysts (cursors), measuring

Full assessment of the fetal cranium after the first trimester thus 13 x 8 mm. There were additional forearm abnormalities and a small cystic
requires imaging in the transcerebellar, transthalamic and trans- hygroma in this fetus, which karyotyping showed to be a trisomy 18.

ventricular planes.
Other criteria for the diagnosis of vcntriculomegaly have been

suggested. An absolute measurement of lateral ventricular width

( measured from the midlinc echo to the leading edge of the lateral

Fetal hydrocephalus has many causes and a variable, although gener-
wall of the lateral ventricle) of I. I cm or less and choroid plexus

ally poor. prognosis. Neonatal survival is less than 30% and many of
filling the body and atria of the lateral ventricle both suggest normal-

t hese infants arc mentally or physically handicapped. Although it may
i ty. Most commonly used today, the ventricular atria/ diameter has

prove impossible to distinguish non-obstructive ventriculomegaly
been shown to be largely age independent through the second and

from hydrocephalus, in all cases a careful search should he made for
third trimesters (Cardoza et al 1988), a value greater than Ii) mm indi

other anomalies, both of the CNS and other organ systems.
eating significant ventriculomegaly. The attraction of this measure-

Up 30% of all cases of hydrocephalus may be associated with
rent is its simplicity, requiring neither a knowledge of the gestational

peither a meningomyelocclcor, less commonly, an encephalocele age nor reference to charts relating ventricular size to gestational age.

Nyberg et al (1987c) reviewed 61 fetuses with hydrocephalus over a
to judge normalcy. Although the medial atrial wall is a better specular

e reflector than the lateral wall, the gravity dependent orientation of the
S; year period and found that 84/c had one or more major CNS
malformations or extra-CNS malformations. Fetal mortality was

choroid plexus serves as a useful pointer to the position of the latter

directly related to the presence of extra-CNS anomalies, which in
interface. It has been suggested that assessment of the ventricular

t his series was associated with a uniformly fatal outcome.
atrium, in combination with assessment of the posterior fossa and

conversely, the prognosis for mild and occasionally transient lateral
cisterna magna, constitutes the most appropriate sonographic screen

ventricular dilatation in the absence of other sonographically
mg procedure for major CNS malformations (Filly et al 1991).

detected abnormalities (idiopathic ventricular dilatation) may be
Care must he taken not to confuse vcntriculomegaly with choroid

good. Accurate assessment is therefore essential.
plexus cysts. These relatively common structures are almost always

The lateral cerebral ventricles become easily visible at around
transient and of no clinical significance. Associated chromosomal

1 3-14 menstrual weeks. The diagnosis of hydrocephalus has tra-
abnormalities, in particular trisomy 18. have been reported but are

ditionally been based on the lateral ventricular ratio (Fig. 33.36) and uncommon (Fig. 33.37).

a number of charts have been developed for normal fetuses which
relate the ratio of the lateral ventricular width to the hemispheric
width as a function of gestational age. Unfortunately the wide range
of normality, particularly early in the second trimester, limits their
usefulness.



Fig. 33.41 Hydranencephaly: sagittal (A), anterior coronal (B), transverse
(C) and posterior coronal (D) i mages. Note the brainstem surrounded by
fluid (arrows, A,B) and an absence of cerebral cortex. fn (D) the tentorium
(small arrows) can be seen above a normal posterior fossa. c = cervical
spine.

Fig. 33.39 Alobar holoprosencephaly: coronal (A) and transverse
(B) images. T = fused thalami; MV = monoventricle; arrows = cortical mantle.
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Fig. 33.40 Semilobar holopros-
encephaly: transverse i mage. MV =
monoventricle; small arrows =
anterior cortex with no interhemi-
spheric fissure; large arrow = pos-
terior falx. On this image there is
no distinction from the alobar
form.

Dandy-Walker syndrome ( DWS) This results from abnormal
development of the cerebellum and fourth ventricle. Atresia of the
foramina of Luschka and Magendie, with hypoplasia or aplasia
of the cerebellar vermis, leads to dilatation of the fourth ventricle
and expansion of the posterior cranial fossa (Fig. 33.38). Hydro-
cephalus is usually seen but is variable in extent. Associated anom-
alies include agenesis of the corpus callosum, encephaloceles,
polycystic kidneys and cardiovascular defects. The sonographic
appearances are characteristic, with separation of the cerebellar
hemispheres by the enlarged fourth ventricle. Distinction must be

made from a posterior fossa arachnoid cyst, in which case there is
displacement but no separation of the cerebellar hemispheres by the monoventricular cavity, fusion of the thalami, and absence of the

cystic lesion. corpus callosum, falx cerebri, optic tracts and olfactory bulbs

Aqueduct stenosis This may be inherited as an X-linked reces-
(Fig. 33.39). In semilobar holoprosencephaly the two cerebral
hemispheres are partially separated posteriorly but there is still a

live trait, but infectious, teratogenic and neoplastic causes have
single ventricular cavity and partial fusion of the thalami

all been implicated. Although the diagnosis is suggested by the (Fig. 33.40), whereas in the lobar variety the interhemispheric
finding of dilated third and lateral ventricles with a normal fourth fissure is well developed and there is some separation of the
ventricle, these features are non-specific. Many other conditions

thalami. In all types the posterior fossa is normal.
of both non-obstructive ventriculomegaly and true hydrocephalus Reliable prenatal sonographic diagnosis is possible in cases of
can give a similar sonographic appearance; even in the most expe- alobar and semilobar, but not usually lobar, holoprosencephaly. The
rienced hands the diagnosis remains one of exclusion.

prognosis for the first two of these is very poor.

Holoprosencephaly This is a complex developmental abnor-
Hydranencephaly This is the result of a destructive intrauterine

mality of the forebrain occurring in early embryonic life. insult rather than a developmental anomaly. Vascular occlusion of
Chromosomal anomalies are frequent and there is both a familial destruc-
tendency and also an association with teratogenic agents. The

ti

theon internal carotid

cerebral

arteries has been postulated, leading to destruo-
ten

condition results from a failure of cleavage of the prosencephalon
hemispheres, occa,ionally with some sparing

which gives rise to the cerebral hemispheres and diencephalon.
Associated facial anomalies include cyclopia, cebocephaly and a
median cleft lip. Three types are recognised alobar, semilobar

and lobar depending on the degree of forebrain cleavage. Alobar
holoprosencephaly, the most severe form, is associated with a



Fig. 33.42 Fetal heart: subcostal
four-chamber image. S = spine;
ra = right atrium; la = left atrium;
rv = right ventricle with moderator
band; fv = left ventricle.

Fig. 33.43 Cardiac rhabdomyoma (R) in a 33 week fetus: oblique
(A) and transverse (B) images. The tumour measured approximately 4 cm
i n diameter. Note small pericardial effusion (arrows).

Congenital heart disease is the most common severe congenital
anomaly found in neonates and may be associated with serious
morbidity and mortality.

Examination of the fetal heart is an integral part of any prenatal
obstetric ultrasound examination. Specific indications include the
previous occurrence of congenital heart disease in mother or sibling
(both with a recurrence risk of between 2 and 5%), a maternal
disease known to affect the fetus, such as diabetes mellitus, and the
use by the mother of drugs such as lithium or alcohol which are
also known to affect the fetus.

Fetal heart activity has been reported at 40 days and should
always he present at 46 menstrual days with TVS. Cardiac motion
is generally seen as soon as the embryo is visualised and always

OBSTETRIC ULTRASOUND 1055

when the crown-rump length is greater than 5 mm. Normal cardiac
rates vary with menstrual age, with values anywhere between 90
and 128 beats/min at 6 weeks, reaching a peak of up to 174 beats/
min at 9 menstrual weeks, before declining to around 150 beats/min
at 14 weeks.

The basic view of the fetal heart, and in many centres the only view
obtained during the routine obstetric sonographic examination, is the
four-chamber view (Fig. 33.42). This can be obtained in most fetuses
older than 16 weeks but a more reliable assessment is possible
between 18 and 22 weeks of gestation because the cardiac valves are
then well developed and the size of the fetal heart and position of the
fetus generally allow better visualisation at this stage.

Evaluation of the anatomical detail provided by this view may
require several different approaches (McGahan 1991). The apical
four-chamber view allows good visualisation of the atrioventricular
valves, while the subcostal view will better demonstrate the
i ntegrity of the atrial and ventricular septa. The four-chamber view
i s also excellent for defining the comparative size of the cardiac cham-
hers but does not demonstrate the aorta and pulmonary arteries. Other
views are therefore necessary for establishing diagnoses such as trans-
position of the great vessels, tetralogy of Fallot, truncus arteriosus,
aortic and pulmonary valve stenoses, and coarctation of the aortic arch
( Allen 1986). Long-axis views may be obtained through both the left
and right ventricles, allowing assessment of their respective outflow
tracts, while the aortic arch is best imaged in the longitudinal axis of
the fetus. A short-axis view allows for detailed assessment of the great
vessels and can rule out a transposition.

Both M-mode and Doppler echocardiography have been used in
the assessment of fetal cardiac anomalies. Not only can cardiac
chambers and great vessels be measured but also dvsrhvthmias and

stenotic and regurgitant valvular lesions may be diagnosed and

quantified. With increasing experience of the technique, it is likely
that fetal echocardiography for congenital heart defects and other
cardiac anomalies will become an important part of fetal assessment.

In addition to the assessment outlined above, the first trimester
nuchal translucency measurement should also be mentioned, as
documented above (p. 1041). While important in the assessment of
chromosomal abnormalities, an increased value may also be a
strong pointer to major congenital cardiac defects. In one study
(Hyett et al 1999), 55% of major abnormalities of the heart and

great vessels were associated with an increased nuchal translucency
thickness at 10-14 weeks gestation. They concluded that an
increased thickness constituted an indication for specialist fetal
echocardiography, even within the first trimester, where the rele-
vant expertise exists.

of the temporal and occipital cortex and basal ganglia. There is
preservation of the brainstem, thalami and cerebellum, although
these may be smaller than usual. The falx cerebri may be absent or

incomplete and the choroid plexus is preserved, thus allowing sec-
ondary hydrocephalus and macrocrania to ensue. The head is filled
with CSF, contained in a cavity lined with leptomeninges. The
sonographic appearances of the brainstem protruding into this
fluid-filled cavity are fairly characteristic (Fig. 33.41 A-C), but
occasional confusion may occur with severe hydrocephalus (a thin
ri m of compressed cortical tissue would differentiate the two) or
alobar holoprosencephaly (but the thalami are not fused in hydra-
nencephaly). The posterior fossa appears normal (Fig. 33.41 D).
Prognosis and management are as for holoprosencephaly.

Agenesis of the corpus callosum This may be associated with
other CNS and non-CNS abnormalities, including holopro-
sencephaly, the Dandy-Walker malformation, microcephaly,

macrocephaly, median cleft lip syndrome, and cardiovascular,
gastrointestinal and genitourinary anomalies. Sonographic fea-
tures include elevation of the third ventricle, an abnormal lateral
yentricular axis, and localised dilatation of the atria and occipital
horns. In addition, an abnormal pattern of gyral development
occurs along the interhemispheric fissure, where sulci radiating

toward the third ventricle may be seen as a wavy appearance of
the midline in axial sections.

The prognosis is variable and is frequently determined by associ-
ated anomalies. In cases where the agcnesis is an isolated finding
normal obstetric management applies.
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Fig. 33.44 Hydrops fetalis,
transverse image. P = pleural
effusions; H = heart; SP = spine.

Fig. 33.46 Diaphragmatic hernia: transverse (A) and longitudinal (B)
i mages. S = stomach, herniated into chest; H = heart; arrows - hypoechoic
diaphragm. Note the polyhydramnios.

Fig. 33.45 Hypoplastic chest in a fetus with multiple abnormalities includ-
ing hydrocephalus and short limbs. C = chest; A = abdomen (with ascites).

Apart from the anomalies mentioned above, ultrasound may also
diagnose congenital cardiac tmnou s. These are rare and generally
benign. The commonest arc rhahdonivontas (Fig. 33.43); less
common lesions include fihrumas, ntv.vomas and haetnangiomas. Fig. 33.47 Pulmonary sequestration: longitudinal (A) and transverse (B)
Although such tumours are generally isolated anomalies, there is a images. M = hyperechoic mass lying at left lung base.

recognised association with tuberous sclerosis i n up to 86% of
cardiac rhabdomyomas. tality ranges from 50 %r to 80%, being due mainly to pulmonary

hypoplasia arising secondary to the compression of the lungs by
the adjacent hernia. Many anomalies may be associated with
CDH, particularly in the central nervous and cardiovascular

Fetal lungs are non-aerated and demonstrate a homogeneous and systems, and these are thought to account for many antenatal

solid appearance on ultrasound examination. Despite attempts to deaths. A detailed sonographic examination, together with chro-

correlate the echogenicity and compressibility of lung with pul- mosomal analysis, is essential in these patients.

monary maturity, the lecithin:sphingunwelin ratio within amniotic pulmonary sequestration As with older patients, pulmonary
fluid remains the most reliable means of assessment at present. The sequestration in the fetus is divided into both extra- and intralobar
fetal thorax can be scanned transversely from the clavicles at the forms, usually occurring in the posterobasal segments of the left
l ung apices to the echo-poor diaphragmatic crura, noting the shape lung. The ext alobar variety is the only type to have been
and size of the chest, the size and position of the heart, and the
appearance of the lungs. While small pericardial e/jusions have
been reported in the normal fetus, pleural fluid is abnormal at any
gestational age and may occur either in isolation or as part of a
more general condition, such as fetal hydrops (Fig. 33.44) or
urinary ascites secondary to posterior urethral valves. Pulmonary
hvpoplasia may be evident (Fig. 33.45) and is a common sequel to
oligohydramnios of any cause.

The commonest thoracic abnormalities diagnosed with ultra-
sound are the followin<g.

Congenital diaphragmatic hernia (CDH) The sonographic diag-
nosis of fetal CDH relies on the visualisation of abdominal organs
i n the chest (Fig. 33.46). Other pointers may be absence of a nor- Fig. 33.48 Cystic hygroma: longitudinal image. H - head; C - small
mally positioned stomach, mediastinal displacement, small cystic lesion in occipitocervical region. Despite the relatively small size of
abdominal circumference and polyhydramnios. Associated mor- this hygroma it was associated with extensive lymphoedema.



Fig. 33.51 Hydrops fetalis: trans-
verse image through abdomen.
L = liver; A = ascites.

described antenatally and is associated with other foregut anom-
alies and also congenital diaphragmatic hernia. Sonographically
the sequestration appears as an echogenic mass (Fig. 33.47) in the
fetal thorax and, as with CDH, may be associated with fetal
hydrops and polyhydramnios.

Congenital cystic adenomatoid malformation of the lung

( CCAML) This is a rare hamartoma of the Iung that has been
demonstrated on antenatal ultrasound as a complex solid and
cystic Iung tumour, once again often associated with fetal hydrops
and polyhydramnios.

Cystic hygromas arc multiseptate cystic structures usually located
in the occipitocervical region of the fetus (Fig. 33.48). Large
lesions usually demonstrate a thick septum dividing the cyst along
the midline and corresponding to the nuchal ligament (Fig. 33.49).

Fetal bowel may he detected more frequently as gestation pro-
gresses. In one study (Nyberg et al I987d), normal colon, appearing
as a tubular structm -e located around the perimeter of the abdominal
cavity, was demonstrated in all fetuses at 28 weeks and occasion-
ally as early as 22 weeks gestation. Small bowel, lying centrally
within the abdomen, was more difficult to visualise, being seen in
only one-third of fetuses after 34 weeks. Unlike the colon, small
bowel typically showed peristalsis and, although initially rather
echogenic (producing a 'pseudomass' ill the fetal abdomen), the
appearances later give way to more usual anechoic fluid-filled
l oops. Meconium, which is hypoechoic when compared with the
adjacent bowel wall accumulates within the colon from approxi-
mately 16 weeks onward, and causes a progressive increase in
colonic diameter up to around I8 nun at term. Normal small-bowel
calibre is less than for colon, with individual segments not exceed-
i ng 6 nun in diameter or 15 mm in length even at term.

Sonographically-detectable abnormalities in the fetal abdomen
i nclude the following.

Absent stomach The fetal stomach should be visualised in virtu-
ally all pregnancies from the start of the second trimester onward
(Fig. 33.52). If it is not seen, abnormalities such as oesophageal
atresia, diaphragmatic hernia or oligohydramnios should be con-
sidered. Oesophageal atresia is frequently associated with poly-
hydraninios, although in 90% of cases there is an associated
tracheo-oesophageal fistula and fluid may then be seen within the
stomach. There may also be associated anomalies in other organ
systems and these must be looked for carefully.

Small-bowel atresia/obstruction Duodenal atresia is the
commonest fetal small-bowel atresia. due to an aberration in

Fig. 33.50 Extensive lymphoedema (arrows) in a patient with a cystic
hygroma: coronal image. OR = orbits.

Fig. 33.52 Normal abdomen: transverse image in third tri mester.
ST = stomach; SP = spleen; S = spine; L = liver; a = aorta; ivc = IVC;
pv = portal vein.

Arising as a result of failure of the normal communication between
the fetal lymphatic system and jugular vein, there is initial disten-
sion of the jugular lymphatic sac (located in both sides of the neck),
which may later progress to more generalised lymphoedema
(Fig 33.50) and non-immune hydrops (Figs 33.44. 33.51).

Up to 70%n of cases may he associated with an abnormal karyo-
type, of which Turner syndrome is the commonest. The prognosis
for prenatally diagnosed cystic hygroma is generally poor, even in
the absence of chromosomal anomalies and fetal hydrops
( Abramowicz et al 1989) but occasional reports have been made of
documented regression.

Fig. 33.49 Cystic hygroma:
transverse image. H = head; C
= large ocipitocervical cysts
with a prominent midline sep-
tation (arrows) corresponding
to the ligamentum nuchae.
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Fig. 33.54 Meconium peritonitis: longitudinal (A) and magnified (B)
i mages. BL = bladder; C = cyst; small arrows = echogenic focus with distal
shadowing.

musculature. It is always abnormal, being associated with
hvdrops fetalis, bowel perforation secondary to atresias or
stenoses, and urinary ascites secondary to bladder outlet
obstruction.

Calcification in the abdomen When localised to the peritoneum
and unaccompanied by a solid mass lesion, most calcifications are

secondary to nreconium peritonitis, a sterile chemical peritonitis
resulting from small-bowel perforation. Associated findings

include pseudocyst formation as a result of the fibrinous peri-
toneal reaction (Fig. 33.54), polyhydramnios and bowel dilata-
tion. In less than half of the cases of nreconium peritonitis can a
cause be found after delivery. Of these, a significant proportion
are associated with obstructive bowel lesions such as atresias.

volvulus and malrotations, and, less commonly, with nreconium
Hens and cystic fibrosis.

Abdominal wall defects Normal development midgut herniation
occurs during weeks 9-I I, after which the bowel returns to the
abdominal cavity and undergoes its normal rotation. It is not pos-
sible to diagnose abdominal wall defects reliably before 14 men-
strual weeks. After that time the two primary conditions which
must be distinguished are omphalocele and gastroschisis.

Omphalocele Occurring in I of 5000 pregnancies, omphalocele

i s a ventral abdominal wall defect with herniation of the intra-
abdominal contents into the base of the umbilical cord (Fig. 33.55).
Bowel loops, stomach and liver are the most frequently herniated
organs and are covered with a membrane of intact peritoneum into
which the umbilical cord inserts.

embryogenesis and occurring in up to I in 10 000 births.
Sonographically it is detected as a dilated stomach and proximal
duodenum, producing a 'double-bubble' appearance (Fig. 33.53).
As with other causes of intestinal obstruction, there is generally
coexistent polyhydramnios, which is more marked the more
proximal the level of obstruction. Thirty per cent of cases are
associated with trisorny 21 so chromosomal analysis is advisable.
Other associations include congenital heart disease and, less
commonly. tracheo-oesophageal fistula, renal malformations, and
hepatobiliary and pancreatic anomalies. Where more dilated
bowel loops are demonstrated, a more distal site of obstruction
should be considered. Possible causes include volvulus or intus-
suseeption, meconium ileus in patients with cystic fibrosis
( Estroff et al 1992), or a jejunal or ileal atresia, usually sec-
ondary to vascular insult.

Large-bowel obstruction This is more difficult to diagnose than
small-bowel obstruction because of the wide variation in the dia-
meter of a healthy fetus's colon (Hertzberg 1994). The antenatal
sonographic diagnosis of anorectal malformations, Hirschsprung's
disease and mcconium plug syndrome have all been described but
are generally unreliable.

Ascites True ascites (Fig. 33.51) must be distinguished from
the thin rim of pseudoascites which is seen in the normal fetus
and is thought to be due to the hypoechoic abdominal wall

Fig. 33.53 Duodenal
atresia: longitudinal (A) and
transverse (B) i mages.
(C) Postnatal radiograph.
S = stomach; D = duode-
num. Note the 'double
bubble' in (B) and coexist-
ent polyhydramnios.



Fig. 33.56 Gastroschisis, showing
bowel loops floating freely within
the amniotic fluid.

Gastroschisis This is less common, occurring in I in 12 000
pregnancies. It is a full-thickness defect of the abdominal wall,
usually located to the right of the umbilical cord, which has a
normal insertion. The defect is generally quite small and herniated
organs include bowel loops, which may appear oedematous and
which float freely within the amniotic fluid (Fig. 33.56). Liver her-
niation is less common than with omphalocele.

Associated anomalies occur with both conditions, but are much
commoner with omphalocele, where they may he present in up to
88% of cases. These include chromosomal anomalies i n up to 60%

( particularly trisomy 13 and 18), cardiac anomalies (particularly
septal defects and Fallot's tetralogy) in up to 47%, and genito-
urinary anomalies and neural tube defects, both in up to 40% of
cases. Syndromes which include the presence of an omphalocele
i nclude t he pentalogy of Cantrell ( with diaphragmatic hernia,
sternal cleft, ectopia cordis and a variety of cardiovascular malfor-
mations) and the Beckwith-Wiedernann syndrome ( with gigantism,
macroglossia and pancreatic hyperplasia).

Sonography can generally distinguish omphalocele from gastro-
sehisis, although there are pitfalls, such as when the covering
membrane of an omphalocele ruptures, thus allowing abdominal
contents to spill into the amniotic fluid. In all cases a search must
be made for other anomalies. With omphalocele this must include a
detailed fetal echocardiographic examination and fetal karyotyping.

Fig. 33.58 Polycystic kidneys, Potter type I, longitudinal image. K = large
hyperechoic kidneys; C = hypoplastic chest. Note oligohydramnios.

normal kidneys varies through pregnancy, the pelvicalyceal systems
becoming relatively more prominent with increasing gestational age
(Fig. 33.57). With TVS it is possible to demonstrate these organs at
a gestational age of 12-13 weeks, provided the amniotic fluid
volume is normal. The fetal kidneys contribute little to the amniotic
fluid volume before 16 weeks gestation but are responsible for most
of the production by the onset of the third trimester. Thus, although
a normal amniotic fluid volume may be seen early in the second
tri mester in the absence of renal function, later in the pregnancy
there will be inevitable oligohydramnios (Fig. 33.58). This in turn
often makes detailed sonographic assessment of the fetus and fetal
urinary tract more difficult.

Bilateral renal agenesis This may occur in isolation or may be
associated with a characteristic facial anomaly, pulmonary
hypoplasia and abnormalities of the extremities to give Potter's
syndrome, or ` renofacial dysplasia'. The condition is uniformly
fatal. The sonographic diagnosis may he difficult, both on account

of severe oligohydramnios and also because enlarged adrenal
glands may take on a reniform shape in the absence of the
kidneys. Colour and power Doppler may help, with a failure to
demonstrate normal renal arteries. Absence of a visualised
bladder on repeated examinations is a strong pointer to the diag-
nosis. The role of attempted fetal diuresis by administration of

fruscmide to the mother remains controversial. Associated anon-

The prenatal sonographic assessment of the genitourinary system
i ncludes visualisation of the fetal kidneys and bladder and an
assessment of the amniotic fluid volume. The appearance of the
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Fig. 33.57 Normal kidneys, transverse images: early second trimester (A)
Fig. 33.55 Omphalocele: longitudinal and late third trimester (B). K = kidney; p = normal renal pelvis, measuring
i mage. L = herniated liver; PV = portal l ess than 10 mm in diameter; S - spine.
vein; Cl - cord insertion; S = spine



Fig. 33.59 (A-D) The spectrum of multicystic dysplastic kidneys, Potter
type ff: all are transverse images except (D), which is longitudinal. (A) Small
cysts scattered throughout both kidneys. (B) A mixture of small and large
cysts in both kidneys, right kidney arrowed. (C) Unilateral involvement with
a large multicystic mass. The contralateral kidney was normal. (D) Unilateral
i nvolvement with small, peripheral cysts. All cases demonstrated oligohy-
dramnios. SP = spine; c = cyst.
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Gruber, Dandy-Walker, Apert). The disorder is congenital and
characterised by cystic lesions which correspond to dilated renal
collecting tubules. There is a wide spectrum of sonographic
appearances, with cysts of varying size separated by residual
strands of parenchyma causing lobulation of the renal margins.
I nvolvement may be bilateral (Fig. 33.59A,B), unilateral
(Fig. 33.59C,D) or segmental and the kidneys may be large
( Potter type IIA) or small (type 1IB). Where involvement is com-
plete, the renal artery is usually small or absent and the renal
pelvis and meter atretic. The renal pelvis is not usually seen.
although it may occasionally be distended in cases of isolated
ureteric atresia.

Bilateral multicystic dysplastic kidneys lead to severe oligo-
hydramnios and the absence of a visible fetal bladder. Conversely.a
fetus with a unilateral dysplastic kidney may show no extrarcnal
abnormality. In up to 40% of these cases there will he a contalat-
cral renal tract anomaly, including malrotation, ureteropelvic junc-
tion obstruction (in up to I0%-) and horseshoe kidney. Other
associated anomalies may he seen in the CNS (anencephaly. hydro-
cephalus, spiny bifida), chest (diaphragmatic hernia) and abdomen
(duodenal stenosis, imperforate anus).

Bilateral multicystic disease is generally easy to diagnose and the
outcome is invariably fatal. The diagnosis of unilateral disease is more
difficult. Not only must the contralateral kidney be checked for asso-
ciated anomalies, but also the condition must be differentiated from a
unilateral hydronephrosis, as perinatal management will clearly differ.

When the diagnosis of bilateral disease is made early in preg-
nancy, termination of pregnancy should be offered to the patient.
Unilateral disease with no associated anomalies should not alter
normal obstetric management.

Ureteropelvic junction obstruction This is the commonest cause
of neonatal hydronephrosis. The condition is generally sporadic,
although familial cases have been reported. A functional abnor-
mality of renal tract musculature is the usual cause, although
anatomical abnormalities such as adhesions, ureteric valves or
aberrant lower pole vessels occasionally occur. Both kidneys may
be involved in 10-30% of cases. Associated urinary tract anom-
alies are frequent. Extraurinary anomalies are seen in up to 20%,
of cases and include Hirschsprung's disease, cardiovascular
abnormalities, neural tube defects, oesophageal atrcsia and imper-
forate anus.

The sonographic diagnosis depends on demonstrating a dilated
pelvicalyceal system on the affected side. Severe cases may show a
l arge fluid-filled structure with only a thin surrounding rim of
parenchyma. Milder cases may be difficult to distinguish from
normal physiological distension of the renal pelvis (Fig. 34.57B).
Criteria indicating significant hydronephrosis include a renal pelvis
t o renal diameter ratio of greater than 50% and/or an antero-
posterior diameter of the renal pelvis of greater than 10 mm
( Grignon et al 1986). Pelvis diameters between 5 and 10 mm are
mostly normal but merit follow-up.

The fetal bladder and amniotic fluid volume appear normal with
unilateral ureteropelvic obstruction and a normal contralateral
kidney. Where there is an associated anomaly of the contralateral
kidney, or where the condition is bilateral, oligohydramnios may he
present to a variable extent. A paradoxical polyhydramnios may
occasionally occur, usually explained by a coexistent abnormality
such as a gastrointestinal atresia. Obstetric management varies with
the degree of obstruction and the presence of associated anomalies:

alies may involve both adjacent structures (e.g. genital malforma-
tions) and also other organ systems.

Unilateral renal agenesis This is commoner than the bilateral
form and, because of normal bladder function, is more difficult to
diagnose. Fortunately the prognosis for these cases is good.

Infantile polycystic renal disease ( Potter type I) This is inherited
as an autosomal recessive disorder and results from a primary
defect of the renal collecting tubules, which dilate to form tiny
cysts 1-2 mm across. The nephrons are normal in number and
morphology and, unlike multicystic dysplastic kidneys, show no
connective tissue proliferation. The kidneys are symmetrically
enlarged and have a rather echogenic appearance (Fig. 33.58),
which is thought to result from a combination of through trans-
mission behind the cysts and the multiple tissue interfaces
presented to the ultrasound beam. Severe cases, where the typical
renal appearances are combined with non-visualisation of the
bladder and oligohydramnios, may be diagnosed by 16 weeks
gestation. Those with less pronounced disease may not be recog-
nised until after birth. Cases associated with bile duct prolifera-
tion and hepatic fibrosis tend to present later in infancy and have a
generally better outlook than the commoner perinatal variety.
These infants generally die soon after birth from a combination of
pulmonary hypoplasia and renal failure.

Multicystie dysplastic kidneys ( Potter type 11) This condition
may occur in isolation or as part of a syndrome (e.g. Meckel-
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Fig. 33.61 Prune-belly syndrome: longitudinal image (A) and transverse
i mage (B). BL = distended bladder; arrows (A) = dilated posterior urethra;
arrows (B) = compressed kidneys.

before viability has been reached. Alter viability, aggressive inter-
vention is inappropriate and normal obstetric care should continue.

Prune-belly syndrome The combination of a hypotonic abdomi-
nal wall, large hypotonic bladder with dilated ureters, and cryp-
torchidism forms the prune-belly syndrome. Although there is
occasionally a primary aplasia of the abdominal wall muscles,
more usually the defect is secondary to a variety of intea-abdomi-
nal space-occupying lesions. These include obstructive uropathy,

polycystic kidneys, congenital cystic adenomatoid malformation
of the lung and Hirschsprung's disease. The most common mecha-
nism involves urethral obstruction from valves, leading to bladder
hypertrophy and distension with dilated meters, hydronephrosis
and occasionally dysplastic kidneys (Fig. 33.61). Intestinal and
skeletal anomalies may be present in up to 50% of fetuses.

There is a wide range of severity. As with posterior urethral valves,
most infants with severe oligohydramnios die in the neonatal period
from pulmonary hypoplasia, while others develop renal failure in
i nfancy. Those with milder disease may suffer impaired but stable
renal function. Surgery may be needed for relief of the obstructive
uropathy, with bladder, ureteric and abdominal wall reconstruction.

Malformations of the fetal skeleton are seen either as a skeletal dys-
plasia, where there are abnormalities in multiple bones throughout
the fetus, or as focal skeletal abnormalities with both variable distri-
bution and extent of involvement (Bowerman 1995).

Skeletal dysplasias are a heterogeneous group of disorders of hone
growth resulting in abnormal shape and size of the skeleton. The birth
prevalence is around 2.4 per 10 000 births, with around 50'%o resulting
i n either stillbirths or fetal death within the first week of life. Major
sonographic features associated with a generalised dysplasia are short-
ening, sometimes with bowing or fractures, of the extremity bones,
demineralisation and a small thorax. Minor features, which may also
be seen without a dysplasia, include polydactyly, abnormal calvaria,
focal skeletal defects, spinal deformities, malalignment, midface
hypoplasia, ventriculomegaly, polyhydramnios and hydrops fetalis.
Preliminary work suggests a role for three-dimensional sonography in
more reliably assessing the fetal skeleton.

The four major dysplasias are the following.

Thanatophoric dysplasia This is the most common lethal skele-
tal dysplasia in fetuses and neonates, characterised by rhizomelia,
a narrow thorax and large head. As with other severe dysplasias,

Fig. 33.60 Posterior urethral valves: transverse images through
hydeonephrotic kidneys (A) and more caudally (B). SP = spine; u = dilated
ureters; BL = distended bladder. L denotes left side of fetus.

an isolated unilateral ureteropelvic obstruction should not alter
standard practice.

Ureterovesical junction obstruction The reported frequency of

this entity in neonates varies between 8 and 23% of urinary tract
obstructions. Distal ureteric obstruction is usually functional,
resulting in a primary megaureter, but may occasionally be due to
a ureteric atresia. Non-obstructive causes of ureteral and renal
dilatation may be difficult to distinguish from obstruction at the
ureterovesical junction. Thus vesicoureteric reflux, or a duplex

collecting system with ectopic ureterocele (classically giving an
obstructed upper moiety with reflux into the lower moiety) may
give a similar appearance.

Posterior urethral valves Almost always affecting male infants,

l he condition is characterised by obstruction of urinary flow by
membranous `valves' in the posterior urethra. Bladder wall thick-
ening (of greater than 2 turn) and persistent dilatation of the fetal
bladder are the two major signs of urethral obstruction. The
dilated posterior urethra may be seen as an extension from the
bladder base in up to 50% of cases, and gives the most direct evi-
dence of urethral obstruction. Secondary dilatation of the ureters
and renal pelvicalyceal systems (Fig. 33.60) may occur in up to
40% and oligohydramnios is seen in 50 11o of cases. Spontaneous
bladder decompression may occur in up to 10% with the forma-
tion of urinary ascites or a perirenal urinoma.

The outlook is poor for patients with oligohydramnios and sec-
ondary pulmonary hypoplasia, with only 5% surviving the neonatal
period. Other poor prognostic signs are the absence of dilated
calyces (implying development of renal dysplasia with little urine
production), extensive urinary ascites (leading to stenting and eleva-
tion oh the diaphragm, again with pulmonary hypoplasia), and dys-
trophic calcification within the bladder wall at the site of previous
rupture (Mahony et al 1985). Management of patients with good
prognostic signs depends on the gestational age and pulmonary
maturity of the fetus. Early delivery may be performed in a centre
with access to neonatal urological care when biochemical markers
indicate lung maturity. When this is not the case management is gen-
erally expectant unless oligohydramnios develops. The value of
intrauterine bladder decompression is unproven. Termination of
pregnancy may he offered where indicators suggest a poor prognosis



Fig. 33.62 Forearm abnormalities. (A) Persistent wrist flexion in both
arms. This fetus with trisomy 18 also had a cystic hygroma and bilateral
choroid plexus cysts. A = abdomen. (B) Absent radius and ulna, the hand

being inserted onto the distal humerus (H ). This fetus also had trisomy 18.
Coexistent pleural effusions were noted. R = rib cage. Adapted from Holzgreve et al (1985).

Many conditions and syndromes, including chromosomal defects,

may produce such abnormalities, ranging from extensive abnormal-

i ties to subtle features which may he difficult or impossible to

detect sonographically. Extremities with short, absent, supernumer-

ary or malaligned components are most often apparent (Fig. 33.62).

Fetal karyotyping may be indicated, particularly with upper limb
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the diagnosis may often be made in the second trimester, occa-

sionally as early as 15 or 16 weeks.

Achondroplasia This is the most common non-lethal dysplasia,

again with rhizomelia, limb bowing, lordotic spine and enlarged

head. Unfortunately the abnormal long bone growth does not

generally become apparent until the third trimester, so earlier

antenatal diagnosis is rarely possible. Achondroplasia is inherited

as an autosomal dominant condition: the homozygous state is

l ethal: heterozygotes may have a normal life expectancy.

Osteogenesis imperfecta This may he inherited as either an

autosomal recessive or dominant condition, with varying degrees

of severity. In the more severely affected fetuses antenatal diagno-

sis may often be made in the second trimester on the basis of

shortened long bones with multiple fractures. The thorax tends to

be short but not narrow. Along with hypophosphatasia and achon-

drogenesis, demineralisation of the skeleton may he a prominent

feature and i s usually most obvious in the fetal cranium.

Achondrogenesis This rare lethal disorder is characterised by

micromelia, a short trunk and incomplete vertebral and cranial

ossification. Sonographic features include short limbs, absent

vertebral ossification, hydrops and polyhydramnios.

Box 33.3 Conditions associated with non-immune hydrops

fetalis

_' I. Cardiovascutar
Anatomical defects (septal defects, hypoplastic left heart, aortic valve
stenosis, tetralogy of Fallot, premature closure of foramen ovale or ductus
arteriosus)
Cardiomyopathy
Myocarditis

II. Chromosomat
Down's syndrome (trisomy 21)
Other trisomies
Turner syndrome

111. Matformation syndromes
Thanatophoric dwarfism, asphyxiating thoracic dystrophy,

hypophosphatasia

I V Twin pregnancy
Twin-twin transfusion syndrome

V Hematotogicat

Arteriovenous shunts (large vascular tumours)
Vena cava, portal vein or femoral obstruction
Haemolysis (G6PD deficiency or haemoglobinopathy)

VI. Putmonary

Cystic adenomatoid malformation
Diaphragmatic hernia
Mediastinal teratoma
Pulmonary hypoplasia

VII. Gastrointestinat
Atresias of oesophagus, duodenum, ileum and anus
Meconium peritonitis
Malrotation of the intestine

VIII. Liver
Hepatic calcifications and fibrosis

3 Biliary atresia and cholestasis
Polycystic disease of the liver
Familial cirrhosis

IX. Genitourinary
Congenital nephrotic syndrome
Urethral obstruction with renal dysplasia
Polycystic kidneys
Prune-belly syndrome

X. Neurotogicat
Fetal intracranial haemorrhage
Encephalocele

XI. Maternat
Severe diabetes mellitus, anaemia or hypoproteinaemia

X11. Ptacenta-umbiticat cord
Chorioangioma f

Fetomaternal transfusion
Placental and umbilical vein thrombosis €

i
X111. Medications
Antepartum indometacin taken to stop premature labour may cause fetal
ductal closure

XIV Infections
I

CMV, toxoplasmosis, syphilis, herpes simplex, rubella

XV Miscettaneous
Congenital lymphoedema
Congenital neuroblastoma
Sacrococcygeal teratoma (Fig. 33.63)
Polysplenia syndrome
Tuberous sclerosis
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Fig. 33.64 Conjoined twins (F) joined at the chest and abdomen and
sharing a common heart (thoraco-omphalopagus).

Mortality and morbidity are significantly increased in twin gesta-

tions compared with singleton pregnancies. The degree to which

these risks are raised is determined by the amnionicity and chorion-

i city of the fetuses. Dichorionic twins, each with their own pla-

centa, arc at the least risk. Monochorionic twins, sharing a placenta.

have a higher risk of both growth retardation and death, while also

being subject to specific syndromes (twin transfusion, twin emboli-

sation, acardiac parabiotic and conjoined twins: Fig. 33.64).

A further problem seen with monochorionic monoamniotic twins

is entanglement and knotting of the umbilical cords, which may

lead to either sudden death of one or both fetuses in utero or vascu-

lar compromise during delivery.

I n order to predict and anticipate potential problems later in preg-

nancy, much work has been directed to establishing the amnionicity

and chorionicity of twin gestations (Filly et al 1990). The simplest

and most reliable method is merely to comet the number of gesta-

tional sacs (the echogenic 'ring' being comprised of chorion) early

i n the first trimester. One ring with two embryos equates to a mono-

chorionic gestation, while two rings indicates dichorionicity

(Fig. 33.65). Later in the second trimester differentiation is more

difficult unless discrete placentas are identified or the fetuses are of

differing sex. Studies have compared membrane thickness between

the fetuses (thicker membranes indicating dichorionicity) and

number of layers between fetuses (three or more indicating dichori-

onicity) but pitfalls and artefacts exist. A 'lambda sign' has been

described with dichorionicity (Sepulveda 1997), although this is

Hvdrops fetalis is characterised by an excess of total body water,

causing soft-tissue oedema (Fig. 33.50) and fluid accumulation in

body cavities (Figs 33.44, 33.5 I ). In the absence of fetomaternal

blood group incompatibility (isoimmunisation), the term non-

immunological hydrops (NIHF) is used. Following the Success of

Rh-immune globulin therapy and the consequent reduction in the

frequency of erythroblastosis fetalis, non-immunological causes

predominate (Box 33.3).

Ultrasound is fundamental both to the initial diagnosis and also

i n identifying underlying fetal structural abnormalities and condi-

tionswhich may be associated with non-immune hydrops fetalis.

These may be sonographically demonstrated in over 50% of

cases, the cardiovascular being the commonest organ system

i nvolved. Where a Structural abnormality is demonstrated, the prog-

nosis is poor.

Sonographic features of hydrops fetalis are:

• Skin thickening greater than 5 nun

• Placental enlargement greater than 4 cm

• Ascites, pleural and pericardial effusions

• Polyhydramnios (in up to 75% ).

Note that although the prognosis for non-immune hydrops fetalis is

generally poor, the prognosis in individual cases with isolated

pleural effusions or ascites may be much better. Other investiga-

tions necessary in elucidating causes of hydrops fetalis include:

• Maternal blood studies (including the indirect Coombs' test for

immune hydrops)

• Amniocentesis for chromosomal analysis

• Fetal blood sampling if indicated, generally under ultrasound

guidance.

Immune hydrops fetalis As mentioned previously, this condition

i s now far less common due to successful prevention of rhesus

sensitisation by antibody administration. Diagnosis is largely a

matter of immunology. Ultrasound may prove useful in monitor-

i ngfetal biometry where, for instance, early delivery is being con-

sidered, and in assessing the severity of disease. It may also be
Fig. 33.65 Twin pregnancy with a menstrual age of 8 weeks. Two sacs

used to guide interventional procedures such as Intraper iloneal or are seen, each surrounded by an echogenic ring of chorion and containing
intravascular transfusion. a live embryo. This is therefore a dichorionic gestation.

Fig. 33.63 Sacrococcygeal teratoma: longitudinal (A) and transverse (B)
images. CT = cystic teratoma at lower end of spine; f and E = intra- and
extrapelvic components respectively; arrows = pelvic bones.

and hand abnormalities, as chromosomal abnormalities (particularly

trisomy 18 and 21) are associated.
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often not seen after 16 weeks gestation. In general, chorionicity can
be established in a high proportion of pregnancies at less than
22 weeks gestation. To do so is important. If the twins are different
in size, growth retardation of the smaller twin is likely with dichori-
onic twins, whereas with monochorionic twins a twin-twin transfu-
sion syndrome is the most likely explanation.

Demonstration and localisation of the placenta is an essential part
of the routine obstetric examination. The placenta can generally he
distinguished from surrounding portions of the chorion and the
underlying myometrium from 12 weeks gestation onward.

Placenta praevia This occurs in I in 200 pregnancies at the time
of delivery and may be subdivided into complete and partial
Forms. Although both cover the internal cervical os. the former

shows attachments all around the placental margins, whereas the
l atter is only partially attached. When the lower margin of the pla-
centa is within 2 ctn of the internal cervical os it may be defined
arbitrarily as low lying. False-positive diagnoses may result from:

• An overfilled bladder causing compression of the lower uterine
segment and artefactual lengthening of the cervical canal

• Myometrial contractions, which can simulate placental tissue in
an abnormally low location

• A low position early in pregnancy which may, by the third
trimester, he entirely normal due to differential growth of the
lower uterine segment.

Repeat scanning, either with an empty bladder or after an interval
of 15-30 min, generally resolves the first two problems, while a

Fig. 33.66 F = fetus; P = placenta. (A) Haemorrhage in both a retroplacental
further appointment for the mid-third trimester will demonstrate the

and subchorionic distribution. rh - recent haemorrhage; oh - old haemort great majority of cases diagnosed early in pregnancy to he normal. rhage. (B) Marginal abruption (arrows). Note yolk sac at caudal end of fetus.
I n cases where doubt persists, TVS should provide a definitive
result, an approach recommended by the Royal College of
Obstetricians and Gynaecologists (2001).

Predisposing factors include increasing
maternal

prior
uterine operations and mrhiple pregnanc_v. Complications, apart
from the painless haemorrhage that is characteristic of the condi-
tion, include premature delivery, intrauterine growth retardation and
perinatal death.

Placental abruption patients with hypertension, vascular
disease, trauma and drug abuse have a predisposition to premature
separation of a normally positioned placenta. The location may
be either retroplacental (Fig. 33.66A), resulting in high-pressure
haemorrhage and high fetal mortality, or the more common
marginal abruption (Fig. 33.66B), where lower pressure blood
dissects beneath the placental membranes in a subchorionic plane
and causes vaginal bleeding. Approximately 80% of subchorionic
haematomas result in a normal tern delivery, as compared
with retroplacental haemorrhage where fetal mortality can be as
high as 60%. The appearance of subchorionic haemorrhage
(Fig. 33.67A) is quite distinct from that of separation of the
amnion and chorion (Fig. 33.67B), which can be seen normally
before 16 weeks and less commonly after that time.

Placental infarcts Systemic pathology within the mother, such
as vascular disease or hypertension, can lead to uteroplacental
i nsufficiency, the development of large hypoechoic placental Fig. 33.67 F = fetus; A = amniotic fluid. (A) Subchorionic haemorrhage
i nfarcts (Fig. 33.68A) and a poor prognosis for the fetus (arrows). (B) Amnion-chorion separation (arrows).



The British National Radiological Protection Board (NRPB) rec-
ommend that, although there is no evidence to suggest that the fetus
i s sensitive to magnetic and radiofrequency (RF) fields at the levels
encountered in MRI, it might be prudent to exclude pregnant
women during the first 3 months of pregnancy, i.e. during rapid
organogenesis. A similar recommendation has been given by the
Food and Drugs Administration (FDA) in the USA. It should,
however, be remembered that switching of gradients during the
pulse sequence does introduce acoustic noise, which does raise
concern on the developing ear (hearing develops after the 24th
week of gestation). Women who will subsequently undergo abor-
tion need not be excluded from examination.

I n those women with cranial, spinal or neoplastic disease, and in
whom CT or myelography is indicated, then MRI should he made
available as the least invasive method of exclusion. Fetal and mater-
nal anatomy can be displayed without the need for a distended

Sonographic evaluation of the cervix is valuable, both to identify
factors such as a large fibroid in the cervical canal (Fi( , . 33.69),
which may influence the mode of delivery, and also for the assess-
ment of cervical incompetence (Fig. 33.70). Not only can incompe-

t ence he demonstrated earlier than by clinical examination but
serial measurements allow distinction between non-progressive
shortening of the cervix and true progressive cases. It is also possi-
ble to check the placement of cerclage and monitor the success or
failure of this technique.

Pelvimetry This is more reliable and accurate in defining the
margins of the bony pelvis than clinical examination. Although
the improved information available from modern ultrasound has
l ed to a decline in the use of pelvimetry, indications such as
breech presentation or a suspected inadequate or deformed pelvis
still exist. Conventional radiographic pelvimetry involves obtain-

Fig. 33.70 Cervical incompe-
tence. Longitudinal image showing
cervical effacement. FL = fetal limbs;
BL = bladder; arrows = vagina.

( Fig.33.6RB). The distinction between these and simple venous
'lakes' within the placenta rarely presents a problem. Small
infarcts may be seen in up to 25% of normal placentas at term.

The overall format of this chapter was adapted from Callen,
Ultrasonograpliv in Obstetrics and Gvnaecology, 2nd edn, a text
which covers the whole field in much greater depth.

Many of the illustrations were obtained while working on the
Faculty of the University of Maryland School of Medicine in
Baltimore. Particular thanks are due to Dr I. Kostrubiak, head of the
department of ultrasound at that hospital, and also to Mrs J. Hindle,
sonographer at Hope Hospital, Salford, who provided a number of
the transvaginal images.

Fig. 33.69 Cervical fibroid (arrows)
measuring 4 cm in length, longitudi-
nal image. F = fetus; BL = bladder.
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i ng anteroposterior and lateral radiographs of the pelvis together
with numerical scales to allow for subsequent correction of inher-
ent magnification errors. CT offers a more accurate method of
pelvimetry, with the added advantage of a lower radiation dose to

both mother and fetus. Anteroposterior and lateral 'scout' views
are obtained, followed by a single axial section through the ischial
spines. Standard measurements are then taken directly from the
i mages using an electronic cursor. MRI provides similar accuracy.
with the added advantage that ionising radiation is not involved.

Other uses CT has limited value in fetal evaluation. Adminis-
tration of an intravenous radiographic contrast medium to the
mother will cause enhancement of fetal kidneys and can rule out
suspected renal agenesis, while contrast introduced into the amni-
otic fluid will allow subsequent imaging of the fetal bowel. The
potential of MRI is greater, for imaging both the fetus and maternal
pelvis. Applications range from the assessment of intrauterine
growth retardation by the measurement of fetal body fat to the
further investigation of suspected fetal anomalies not fully charac-
terised by ultrasound. Faster scan times will reduce problems
caused by fetal motion, and developments in spectroscopy may
open new areas in the evaluation of metabolic processes. Many dis-

advantages remain, however, not the least of which are expense and
resultant lack of availability. The flexibility, relative cheapness and
effectiveness of obstetric ultrasound make it unlikely that there will
be any significant switch to MRI in the foreseeable future.

Fig. 33.68 (A) Multiple hypoechoic placental infarcts (arrows) in a
patient with a systemic vasculitis. F = fetus. (B) Sonographic Spalding's sign
following fetal death; same patient as in (A).



...-
Johnson, D. D., Pretorius, D. H., Budorick, N. F., et al (2000) Fetal lip and

primary palate: three dimensional versus two dimensional ultrasound.
Radiology, 217, 236-239.

Lees, W. R. (2001) Ultrasound imaging in three and four dimensions.
Seminars in Uttrasound, CT and MR, 22, 85-105.

Treadwell, M. C., Seubert, D. E., Zador, 1.. et al (2000) Benefits associated
with harmonic tissue imaging in the obstetric patient. American Journat of
Obstetrics and Gynecology, 182, 1 620-1622.

I ndications

Consensus Conference (1984) The use of diagnostic ultrasound imaging
during pregnancy. JAMA, 252, 669-672.

Leopold, G. R. (1986) Antepartum obstetrical ultrasound examination
guidelines. Journal of Uttrasound in Medicine, 5, 241-242.

Report of the Royal Cottege of Obstetricians and Gynaecotogists Working
Party on Routine Uttrasound Examination in Pregnancy, December 1984.
London: RCOG.

US Department of Health and Human Services, Public Health Service (1984)
The Use of Diagnostic Ultrasound Imaging in Pregnancy, NIH Publication
No. 84-667. Washington, DC: National Institute of Health.

Fig. 33.71 Agenesis of the corpus callosum diagnosed in-utero using a single-shot fast spin echo sequence, on a 1.5T scanner, (A) sagittal and
(B) coronal plane through the fetal head at 23 weeks gestation (the corpus callosum forms between 8 and 20 weeks gestation). The absent corpus callo-
sum is arrowed in A. In B there is a high-riding third ventricle and crescentic lateral ventricles (arrowed) compressed by Probst bundles. (Courtesy of
Professor Paul Griffiths, Sheffield)

bladder. Images are not affected by maternal bowel or adipose Lion of the placenta in relation to the internal cervical os can be
tissue or by the presence of oligohydramnios, which often degrades accurately measured. Haemorrhage between the placenta and
ultrasound scans. MRI can be of use in selected cases to identify uterine wall in an abruptio placentae can be depicted.
suspected fetal abnormality, and is being increasingly used to Gadolinium-DTPA has a molecular weight of 938 and does cross
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close to the probe but a limited field of view. Whereas many
patients prefer cndovaginal scanning, it is inappropriate in the
very young, the very elderly and any patient who is virgo intacta.
It is therefore important to be able to perform both types of scan
with confidence.

Ultrasound, either transabdominal or cndovaginal, is the mainstay
of imaging of the pelvis.

Transabdominal ultrasound (TAS) is usually performed with a
3-4 MHz sector or convex probe and requires the patient to have a
full bladder. The distended bladder displaces small bowel out of the
pelvis, pushes the uterus posteriorly and the ovaries laterally
t owards the pelvic side walls. The optimally distended bladder pro-
jectsjust beyond the fundus of a normal sized uterus. If the bladder
i s inadequately distended the pelvic structures may he obscured by
bowel gas, but ih overdistended the uterus becomes elongated and
the ovaries displaced too far laterally. Longitudinal (sagittal) and
transverse scans are performed using the bladder as a window.
Endovaginal scanning (EVS) is best performed with an empty
bladder and utilises a higher frequency sector/curvilinear probe
( typically 5-7 MHz) giving improved res , slution of structures

The pelvic side-walls are lined by iliacus and psoas muscles. Iliacus
arises from the iliac wings and descends posterolateral to psoas into
the pelvis. The two muscles run obliquely, passing posterior to the
i nguinal ligament to form a joint tendon that inserts onto the greater
trochanter. These muscles are visualised on ultrasound as paired
hypoechoic striated structures, separated by an echogenic fascial
plane. The iliac vessels lie on psoas and can be used to define the
normal position of the ovaries.

Vagina (Fig. 34.1) The vagina is visualised abdominally as two
linear hypoechoic muscular walls around an echogenic mucosa. It
i s usually empty but may contain fluid or blood during menstrua-
tion or after bathing. A vaginal tampon can be visualised as a
highly reflective structure with a strong acoustic shadow, often
causing displacement of the cervix or bladder base (Fig. 34.2).

Fig. 34.2 Sagittal TAS. Deformity of the bladder base and acoustic shad-
owing due to a vaginal tampon (arrows).
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Fig. 34.1 Sagittal transabdominal scan (TAS) showing measurement of
uterine size (white crosses) and a moderately thick luteal phase
endometrium (arrowheads). Arrows indicate vaginal walls.



The configuration of most endovaginal probes (end-firing and Suspensory ligaments and fallopian tubes The uterus is sus-
sector) limits their value in examining the vagina, although some pended in the pelvis by the uterosacral and round ligaments. The
visualisation is obtained by slowly withdrawing the probe and uterosacral ligaments run posteriorly to the anterior surface of the
examining the vaginal walls as they collapse around the end of the sacrum and the round ligaments run laterally towards the inguinal
probe. This technique can also be quite effective in examining the canal. The round ligaments are invested in a double layer of peri-
female urethra. toneum, known as the broad ligament. The fallopian tubes run in

Cervix and uterus (Fig. 34. /) The uterus is a pear-shaped strut-
the broad ligament towards the ovary. Normally the suspensory

tare,
which varies in size according to the age and hormonal ligaments and fallopian tubes cannot be visualised on ultrasound:

status of the patient. Before puberty the cervix is large and the
however, they may be visualised in the presence of ascites or

body of the uterus small, but following the menarche the uterine
when a hydrosalpinx develops.

body increases in size to an overall length of 7-8 cm. Following Ovaries (Fig.r 34.5, 34.6) The ovaries are oval structures, usually
the menopause the uterus and cervix slowly involute to 5-6 cnt. closely related to the iliac vessels on the pelvic side-wall. The,

The uterus is variable in position and may lie straight or are less echogenic than the uterus and may contain a variable
obliquely within the pelvis. The degree of anteversion or retrover- number of small cysts/follicles. Ovarian size varies according to
sion is of little consequence to the patient-indeed it changes in the age and hormonal status of the patient. Less than 7.5 ml is
some patents with the degree of bladder filling. A retroverted, considered normal in menstruating women but in postmenopausal
retroflexed uterus can be difficult to visualise with abdominal scan- women the volume should be less than 3 nil.
ning but is easily seen with an endovaginal scan. The ovarian volume is calculated using the formula for a pellate

It should be possible to see the endometrium throughout the ellipse, i.e. 0.5 (length x depth x breadth).
uterus and the endocervical canal. The endometrial thickness is The position of the ovaries varies. They may be deep in the
conventionally measured as a double layer (Fig. 34.3). The deeper pouch of Douglas or high up on the pelvic side-wall. If the ovaries
hypoechoic layer has been shown to represent the most superficial are not seen in the expected position it is therefore important to
l ayer of myometrium and is not included in the endometrial
measurement.

The uterus should have a homogeneous poorly reflective echo-
texture. Small blood vessels (arcuate veins and arteries) are fre-
quently visible running around the periphery of the body and
extending into the broad ligament. Prominent dilated veins in the
broad ligament, extending into the uterus and around the cervix, are
a feature of pelvic congestion syndrome. These veins are typically
l arge (6 mm) and have very slow flow within them. Some patients
with dilated veins (or varices) have a history of pelvic pain; how-
ever, many are completely asymptomatic so there is debate about
their significance. Arterial calcification is seen in the elderly and
those with diabetes or chronic renal failure. Tiny flecks of
calcification at the endometrial-myometrial interface are occasion-
ally seen following pregnancy (Fig. 34.4). These are usually of no Fig. 34.4 EVS. Small flecks of calcification (arrows) at the myometrial
significance but similar appearances can be caused by intrauterine endometrial interface representing tiny insignificant fragments of retained
adhesions. Small retention cysts (nabothian follicles) are also nor- placenta following pregnancy.
mally seen along the endocervical canal.

Fig. 34.5 EVS. Normal quiescent ovary lying on the iliac vessels.

Fig. 34.3 Endovaginal scan (EVS). Measurement of the endometrium
(black arrows). Note there are five layers included in the measurement but
the deeper hypoechoic layer (white arrows) is not included. The central
echogenic line (black arrowhead) is due to the interface of the two layers of
endometrium.
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Fig. 34.8 EVS. Dominant follicle (arrows) developing in a normal ovary.

Fig. 34.6 EVS. Atrophic postmenopausal ovary (arrowheads).

continue scanning above the level of the distended bladder. In thin

patients this may require scanning with a high-frequency linear
probe. This is particularly true following Wertheim's hysterectomy
if the surgeon moves the ovaries out of the pelvis (to avoid any
subsequent radiation field and to help prevent dyspareunia).
Ovaries can be seen in over 90% of normal menstruating women
and approximately 60% of postmenopausal women, depending on

age.

Doppler ultrasound The uterine arteries arise from the internal
iliac arteries and ascend from the cervix in the broad ligament
alongside the lateral surface of the uterine body. The main uterine
arteries and their intrauterine branches can be seen with colour Fig. 34.9 EVS. Clot retraction within a normal corpus luteum (arrows).

Doppler and spectral Doppler used to obtain waveforms from
The angular margins and lack of blood flow within the solid triangular area
confirm this is clot rather than a solid nodule.

these vessels (Fig. 34.7). Similarly ovarian perfusion can be
assessed. The ovaries obtain blood via the uterine arteries and also
directly from the aorta. Flow in the uterine branches can usually
be seen in the broad ligament superior to the uterus. Visualisation
of intraovarian vessels depends on ovarian activity. The most
commonly used indices to assess perfusion are the resistive index
(RI) and the pulsatility index (PI).

The menstrual cycle (Figs 34.8-34.11)

Before puberty the uterine body is small, with a relatively large
cervix and thin, barely visible endometrium. The ovaries are also
small, with few or no cysts or follicles. At puberty the uterus
changes in shape and several small cysts/follicles measuring
5-8 turn appear in the ovaries. These appearances are associated
with low levels of circulating oestrogens and frequent anovulatory
cycles typical of the menarche.

Once menstruation is established, regular cyclical changes occur
in the appearance of the ovaries and uterus, reflecting the associated
hormonal changes.

The follicular phase begins on day I of the menstrual cycle with
the development of a small number of follicles. The endometrium is
a thin echogenic line. From day 8-10 one follicle becomes domi-
nant and continues growing at a rate of 2-3 mm/day, while the
other follicles regress. This is accompanied by an increase in thick-
ness and change in appearance of the endometrium to a five-layer
appearance typical of midcycle (Fig. 34.3). About day 14, when the
follicle measures 18-25 mm, ovulation occurs. Ovulation is indi-

cated in 90% of cycles by disappearance of the follicle and escape
of fluid around the ovary or into the pouch of Douglas. Other indi-
cators of ovulation include a decrease in size, change in shape and
the presence of internal echoes within the follicle.

The luteal phase commences following ovulation and lasts 14
days, unless pregnancy supervenes. The endometrium loses its mul-
tilayer appearance and becomes progressively more echogenic

Fig. 34.7 EVS. Power Doppler showing uterine artery (arrows) running
alongside the uterine body.



Fig. 34.11 Corpus luteum. Spectral Doppler shows low impedance flow
with RI of 0.57.

i n the postmenopausal patient are those of an inactive ovary, i.e.
high impedance flow, such as is seen in the early follicular phase.

Fig. 34.10 (A) EVS. I rregularly shaped echogenic cyst (arrowheads) due
to a collapsing corpus luteum. (B) Colour Doppler. Flow around the corpus
l uteum (arrows) due to neovascularisation. Approximately 20% of menstruating women have polw_rstic ovaries

( Figs 34.12, 34.13). This is an inherited condition with a wide spec-
(Fig. 34.1), with a normal thickness of 12-14 mm immediately tram of clinical features, ranging from the rare Stein-Leventhal
prior to menstruation. The developing corpus luteum can be syndrome, comprising amenorrhoea, obesity and hirsutism, to
detected as an irregular cyst containing internal echoes due to blood patients without any obvious symptoms. Many, but not all, patients
or a hypoechoic area. Occasionally a well-defined luteal cyst devel- have measurable hormonal abnormalities, the commonest of which
ops and slowly increases in size to 25-40 mm. They usually resolve is a raised LH:FSH ratio, thought to be responsible for excess andro-
spontaneously over the next few months but can cause symptoms if gen production by the ovaries. Clinical features of polycystic ovaries
they are large or undergo a complication such as haemorrhage, i nclude:
torsion or rupture.

• Oligomenorrhoea and other menstrual disorders including
Doppler studies During menstruation and the early follicular dysmenorrhoea and menorrhagia
phase there is relatively high impedance flow in the ovary, i.e. the • Hirsutism-90% hirsute patients have polycystic ovaries
RI is approximately 0.7. Following ovulation and neovascularisa- • Acne
tion of the corpus luteum, diastolic flow increases, leading to lower • I nfertility (the commonest cause of anovulatory infertility)
impedance flow and typical values of less than 0.6 for the RI. • Recurrent miscarriage

Menopause The menopause is characterised by involution of the
• Obesity due to insulin resistance and impaired glucose tolerance

uterus and ovaries over a period of about 5 years. Normal ovarian • Endometrial hyperplasia (and rarely endometrial carcinoma).

volume in postmenopausal women is less than 3 ml and normal Multifollicular ovaries (Fig. 34.14) represent a reversion to the
endometrial thickness equal to or less than 4 mm. Doppler indices ovarian morphology seen at the menarche. They arc a feature of low

Table 34.1 Distinguishing features of ovaries causing ovulation disorders

Polycystic ovaries Multifollicular ovaries Primary ovarian failure

Large; volume >7.5 ml Normal size Small
More than seven 2-5 mm follicles; Several follicles of 5-10 mm No evidence of follicular activity
mainly peripheral distribution
I ncreased stroma No increased stroma No increased stroma

Large/normal uterus with Normal/small uterus with thin Small uterus with thin
thick endometrium endometrium endometrium



Fig. 34.12 EVS.polycyst uir ovar y with peripheral cysts.

Fig. 34.13 TAS. Polycystic ovary. Central and peripheral cysts.

Fig. 34.15 TAS. Thickened irregular endometrium (arrows) due to
tamoxifen. Note the small cysts (arrowheads) at the myometrial endome-
trial interface.

Sequential HRT i.e. oestrogens followed by progesterones for at
l east 12 days/month, are usually prescribed for perimenopausal and
early postmenopausal patients who have persistent but unpredictable
ovarian function. Most patients have regular monthly bleeds on such
a regimen so should have an endometrium that varies in thickness
during the cycle. The maximum thickness should still be less than
8 min. Any patient found to have a mildly thickened endometrium
on sequential HRT should have a repeat scan following a withdrawal
bleed.

Continuous combined hormone replacement involves taking
oestrogen and progesterone together continuously and should result
i n endometrial atrophy within 6 months, i.e. endometrial thickness
l ess than 4 mm.

Tamoxifen Tamoxifen, used in the treatment of breast cancer, has
both antioestrogenic and oestrogenic effects and is associated
with endometrial hyperplasia, an increased incidence of polyps
and endometrial carcinoma. The uterus has a characteristic
appearance with increased thickness of the cavity echo with mul-
tiple tiny cysts (Fig. 34.15). These cysts were originally thought
to be part of the endometrium but recently it has been suggested
that they are actually in the most superficial layer of the myo-
metrium rather than the endometrium. Doppler studies in patients
with endometrial thickening due to tamoxifen show low imped-
ance flow, i.e. low values for the RI and PI.

Value of ultrasound screening for patients on HRT Routine
screening is not indicated for patients on HRT but should be per-
formed in those with abnormal vaginal bleeding.

Fig. 34.14 TAS. Multifollicular ovary (arrows) in a patient with amenor-
rhoea due to anorexia nervosa.

levels of circulating oestrogens and arc seen in athletes and in asso-
ciation with weight loss and anorexia nervosa.

Primorr ovarian,%ciilure or premature menopause is the onset of
dre menopause before the age of 35 years and is a rare cause of
amenorrhoea.

Conventional IUCDs An IUCD is a common incidental finding
i n patients undergoing pelvic ultrasound. They are easily visu-
alised as highly echogenic structures with acoustic shadowing and
should be entirely within the uterine cavity, not protruding into
the nryometrium or endocervical canal (Fig. 34.16). Large
fibroids, particularly if calcified, can occasionally cause difficulty.
Expulsion during menstruation does occur but most patients
referred with 'missing coil' will have the IUCD present normally
in the cavity, the threads having retracted into the cervical canal.
Complications such as migration of the coil into or through the

Combined oral contraceptive pill The uterus and ovaries are
suppressed. The endometrium should be thin and the ovaries
small with no evidence of follicular activity.

Progesterone-only pill The progesterone-only pill does not nec-
essarily inhibit follicular activity but the uterus should look small,
with a thin endometrium.

Hormone replacement therapy ( HRT) The effect of HRT on the
uterus and ovaries depends on the type of HRT taken.

Unopposed oesnr,gen admini.stration causes thickening of the
endometrium due to endometrial hyperplasia. This is a precursor to
endometrial carcinoma, therefore unopposed oestrogen regimens
are only recommended if the patient has had a hysterectomy.
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Fig. 34.17 TAS. IUCD embedded in the myometrium (arrow), well
outside the cavity (arrowheads).

Fig. 34.16 TAS. IUCD (arrow) in the cervical canal.

Fig. 34.18 1 6-year-old girl with cyclical abdominal pain found to have a didelphys uterus with a complete vaginal septum and imperforate hymen on
the left. (A) Longitudinal scan demonstrates a large heterogeneous mass (arrows) due to blood-filled distended vagina. A small uterus and cervix (arrow-
heads) can be seen at the upper margin of the mass. (B) Longitudinal scan to the right of (A) shows a further uterus (arrowheads mark the position of the
endometrium). The normal right vagina is compressed and hence not visible. (C) Transverse scan confirming two uterine bodies. (D) Intravenous urogram.
Solitary but duplex kidney on the left.



Fig. 34.19 TAS. Two separate uterine horns indicative of bicornuate
uterus. Arrowheads indicate position of endometrium.

Adenomyosis or endometriosis interna is the presence of endo-
metrial glands within the myometrium associated with adjacent
myometrial hyperplasia. It is usually a diffuse process but may form
a localised mass or adenomyoma. Clinical findings are dysmenor-

Fibroids are present in up to 20-50% of women. They are particu-
l arly common and present at a younger age in black women.
Although frequently asymptomatic, they may present with abnor-

Minor duplication abnormalities of the uterus are only of relevance mal bleeding, pain, abdominal distension, subfertility or recurrent
i n the investigation of subfertility and recurrent miscarriage and are miscarriage, the symptoms depending to a certain extent on the
discussed in more detail in the section on hysterosalpingography. location and size of the fibroids. Their location in the uterus is
However, severe duplication anomalies with obstructed menstrua- described as:
lion present in adolescence and early adulthood. Typical presenting
symptoms are primary amenorrhoea, cyclical abdominal pain,

Submucous-arising within the cavity. Rarely they can form a

pelvic mass and severe dysmenorrhoea. Ultrasound reveals a thick-
fibroid polyp and protrude through the os (Fig. 34.21).

walled cystic mass, owing either to an obstructed vagina (imperfo- ' Mural within the myometrium. They may or may not abut or

rate hymen) or an obstructed uterus (hacmatomctrium), with distort the shape of the cavity, depending on their precise
l ocation internal echoes due to blood. The correct diagnosis can (Fig. 34.22).

usually be reached if the possibility is considered and care taken to ' Subserosal arising deep to the serosa and causing a bulge on

look for accessory pelvic organs. The examination must also
the surface of the uterus (Fig. 34.23).

include visualisation of the urinary tract as there is a high incidence
•
. Pedunculated-on

a pedicle usually from the serosal surface.

of associated single kidneys (Fig. 34.18). Cervical rare, i.. less than 5% fibroids.

A non-obstructed double uterus (uterus didelphys) may simulate a Fibroids are hormone-dependent, increasing in size and becoming
solid adnexal mass on pelvic examination but can be differentiated on l ess echogenic during pregnancy, and decreasing in size following
ultrasound due to the presence of a central endometrial echo the menopause. However, regression following the menopause is
(Fig. 34.19). The shape of the endometrial echo, particularly on a prevented and may be reversed in patients taking HRT.
transverse scan, can also help diagnose the less severe duplication On ultrasound, most fibroids are round, well-defined hypoechoic
anomalies (Fig. 34.20). Differentiation of a septate from a bicornuate masses with a characteristic internal architecture showing recurrent
uterus depends on identification of a fundal notch and requires visuali- shadowing (Fig. 34.24). They can be hyperechoic and may be
sation of the uterus en face. This can be difficult with conventional calcified, particularly in postmenopausal patients. Degeneration
ultrasound but is more easily achieved with 3D ultrasound. within fibroids appears as either areas of increased echogenicity or

Recognition of a unicornuate uterus is also difficult on ultrasound i rregular cystic areas (Fig. 34.25). Fibroids can he very vascular so
but can be inferred by its small size and abnormal lateral position. Doppler studies may show very low impedance flow. Malignancy

(leiomyosarcoma) is rare but should be suspected if a fibroid sud-
denly increases in size. There are no specific ultrasound features of
malignancy.

The role of ultrasound is to confirm the diagnosis and determine the
number, size and location of fibroids, as this will help determine their
likely significance and appropriate treatment. See Table 34.2 for
differential diagnosis of fibroids.

Fig. 34.20 EVS. Two endometrial echoes (arrows) within the uterus, sug-
gestive of a uterine septum.

myometrium usually occur at the time of insertion and are associ-
ated with pain (Fig. 34.17). It is rarely possible to see an IUCD
outside the uterus on ultrasound, so if there is doubt about the
presence of an IUCD on the ultrasound a plain abdominal X-ray
should he performed to exclude uterine perforation. Ultrasound is
also indicated to look for causes of difficulty inserting a coil, e.g.

large fibroid distorting the cavity or a severely retroflexed uterus.
The IUCD is associated with an increased incidence of pelvic

i nfection. In particular colonisation with Actinomycosis may occur
with long-term use and may well be asymptomatic.

Mirena coil The Mirena IUCD contains progestogens and is used
for both contraception and to treat dysfunctional uterine bleeding.
Although similar in shape to most other coils, the Mirena coil is
less echogenic than standard IUCDs and hence is harder to visu-
aliseon ultrasound, even when this is performed endovaginally. It

is often seen by virtue of its acoustic shadow rather than direct
visualisation of the coil itself.
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Fig. 34.23 TAS. Two subserosal fibroids (arrows). Arrowheads indicate
position of uterine cavity.

Fig. 34.24 TAS. Fibroids. Typical recurrent shadowing (arrowheads).
Fig. 34.21 (A) TAS. Fibroid polyp (arrows) within the cervical canal. The
stalk of the polyp (arrowheads) can be seen in the uterine cavity. (B) TAS.
Same patient 6 months earlier. The fibroid polyp (arrows) is now seen
within the uterine cavity.

Fig. 34.25 TAS. Irregular area of increased reflectivity in the centre of a
fi broid due to degeneration.

The ultrasound features of diffuse adcnomyosis are poorly defined

areas of decreased echogenicity and heterogeneity in the

myometrium, associated in approximately 509c with small (2-5 mm)

cystic spaces in the myometrium (Fig. 34.26). Using these criteria.

sensitivities and specificities of 80-90°/r; have been achieved.

Focal adenomyomas cause focal bulges in the myometrium and

may he hyper- or hypoechoic. They are generally less well defined

than fibroids but it is difficult to differentiate the two.

Fig. 34.22 TAS. Typical mural fibroids (arrows) abutting but not displacing
the cavity (arrowheads). The larger fibroid shows typical recurrent shadowing.

rhoea and menorrhagia with a tender bulky uterus. Most cases are

diagnosed following pathological examination of hysterectomy

specimens: however, cndovaginal ultrasound and MRI have been

shown to he of value.



Fig. 34.27 EVS. Multiple endometrial polyps. Note the midline echoes
due to the endometrial interface (arrows) are displaced by the polyps. This
is a useful feature when trying to differentiate hyperplasia from polyps.

Fig. 34.28 EVS. Endometrial thickening. This looks like hyperplasia but
subsequent saline hysterography demonstrated it to be a polyp.
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Table 34.2 Differential diagnosis of fibroids

Location Differential diagnosis Comments

Submucosal Endometrial polyps Usually hyperechoic, i.e. similar to endometrium
Retained products of conception (RPC) History helpful. RPC usually of mixed echogenicity
Endometrial carcinoma Postmenopausal patients. Less well defined, possibly

with myometrial invasion
Endometritis / fluid collection Heterogeneous endometrium with little mass effect.

Cavity may contain fluid (or gas if fistula present)

Mural/subserosal Adenomyoma / area of adenomyosis Less well defined area of heterogeneity with no recurrent
shadowing effect

Leiomyosarcoma Rapid growth but otherwise impossible to differentiate.
Very rare

Myometrial contraction Poorly defined virtually isoechoic mass; changes with
ti me-rarely a problem

Metastatic deposits Very rare, no distinguishing features

Pedunculated Any cause of solid adnexal mass Usually possible to see connection with uterus. Doppler
of no value

• retained products of conception

• trophoblastic turnouts-usually following a pregnancy.

Fluid, including pus or blood, can also distend the cavity but should

not be included in the endometrial measurement. A tiny amount of

fluid (1-3 nom depth) is occasionally seen in a postmenopausal

uterus and is of no significance; however, a cavity distended by

fl uid usually indicates an obstructed uterus. An attempt should he

made to identify the underlying cause. e.g. cervical or uterine carci-

noma, previous radiotherapy to the cervix, uterine synechiae due to

Asherman's syndrome, previous cervical surgery, etc. A pyo-

metrium due to a uterocolic or utcrovesical fistula can cause a

similar appearance.

Fig. 34.26 EVS. Adenomyosis. Coarse myometrial texture with small Enr/antetria/ polyps arc common and typically measure 5-15 min

cysts due to blood lakes. (Fig. 34.27). There is an increased incidence in patients on tamo-

xifen or HRT. Most polyps are benign and cause intermenstrual

bleeding, with or without pain.

The endometrium is considered abnormally thick if it measures Endomtetrial hyperplasia
i s a precursor to endometrial carcinoma

so must he recognised and endometrial sampling performed. Causes
more than 14 mm in a premenopausal patient and more than 4 mm

i n a no
of endometrial hyperplasia include polycystic ovaries, obesity,

i pau salpatient Causes of thickening of the cavity
exogenous hormones, endogenous excess oestrogen production, e.g.

echo include: e:
due to functioning ovarian tumours.

• endometrial polyps Differentiation of endometrial polyps from hyperplasia can be

• suhnurcous fibroids difficult but can be helped by performing an endovaginal ultra-

• endomctrial hyperplasia sound examination during intrauterine injection of saline, so-called

• endometrial carcinoma sonohysterography (Figs 34 28, 34.29).
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than 50% myometrial invasion) and stage 2 disease (more than 50%
myometrial invasion); however, MRI is far better at looking for
extrauterine spread, so this is the preferred technique.

Doppler ultrasound of endometrial or intrauterine vessels is of
little value in premenopausal patients because of cyclical changes
and the effect of other uterine pathology, such as fibroids. However,
measurement of Doppler indices may help in postmenopausal
patients. It has been reported that malignancy is never found if the
RI is greater than 0.83.

The cervix is most effectively examined by direct inspection,
Papanicolau smears and colposcopy, so the role of ultrasound is very
li mited. It has no role in screening or routine staging of cervical car-
cinoma; however, occasionally patients present to the ultrasound
department prior to vaginal examination so the radiologist needs to
be aware of the appearances of cervical disease. Early tumours are
undetectable but advanced tumours show an irregularly enlarged
cervix (Fig. 34.32), with or without an area of highly reflective
echoes due to necrosis. There may be an obstructed, distended uterine
cavity. Advanced disease may also show invasion of the bladder wall
and hydronephrosis due to ureteric involvement-either due to nodal
i nvolvement or direct ureteric invasion (Fig. 34.33).

Cervical polyps and cervical fibroids are also occasionally seen.

Simple adnexal cysts Simple adnexal cysts are most commonly
functional in origin. They vary in size, reaching up to 7 cm in

diameter, and yet still resolve spontaneously. Haemorrhage into

Fig. 34.32 TAS. Carcinoma of cervix. Large irregular cervix (arrowheads)
with a small tongue of tumour (arrow) extending towards the bladder.

Fig. 34.30 EVS. Poorly defined intrauterine mass due to endometrial
carcinoma.

Fig. 34.33 TAS. Cervical carcinoma invading bladder base (arrows) and
causing an obstructed uterus (arrowheads).

Fig. 34.31 TAS. Obstructed uterus. The cavity (arrows) is distended by
blood with a polypoid mass just above the internal os due to endometrial
carcinoma.

Fig. 34.29 Saline hysterography. Endometrial polyp outlined by saline.

Endometrial carcinoma occurs mainly in postmenopausal
women. The risk factors are the same as those described for
endometrial hyperplasia, i.e. increased oestrogen levels, in addition
to hypertension, diabetes and nulliparity. The most common pre-
senting symptom is abnormal uterine bleeding.

Ultrasound appearances vary from moderate endometrial thick-
ening, to an irregular hypoechoic intracavitary mass, to an enlarged
diffusely infiltrated uterus (Figs 34.30, 34.31). Endovaginal ultra-
sound is said to be good at differentiating between stage I (less
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Fig. 34.36 EVS. Typical endometrioma with diffuse moderately high-level
echoes (arrows).

The differential diagnosis of a complex adnexal mass should
i nclude:

• Haemorrhagic cyst-contains diffuse internal echoes or an

i rregular clump of echoes due to clot. Repeat scans helpful to

show change.
• Ruptured cyst-typical history, irregularly-shaped cyst with

surrounding fluid.
• Torsion of cyst or ovary-heterogeneous enlarged ovary with or

without a thick-walled cyst with internal echoes. Presence of
colour flow within the ovary is said to indicate viability of the

Fig. 34.35 EVS. Hydrosalpinx (arrows) adjacent to the ovary (arrowheads). ovary, hence laparoscopy is worthwhile to try and preserve

function.

the cyst may cause pain and give rise to diffuse internal echoes or • Endomctriosis.
a clump of solid echoes within the cyst due to clot. Follow-up • Acute / chronic tubo-ovarian abscess.

ultrasound will show a reduction in the size of the cyst and a • Dermoid cyst-complex mass with cystic and solid areas, fat

change in the appearance of the internal echoes confirming its and/or calcification.

benign nature. • Other neoplastic ovarian tumours, benign and malignant.

Small simple cysts (1-3 cm) are also relatively common (3-5°h;) • Pedunculated fibroid differentiation from an ovarian mass

in post menopausal women. Doppler insonation should be per- depends on identification of the ovaries separately.

formed to confirm high impedance flow and serum CA- 125 should • Ectopic pregnancy-should always be considered in a patient of

be measured. If both these investigations are normal and the woman child-bearing age. Pregnancy test important.

is asymptomatic, it is reasonable to follow the cyst with serial • Other inflammatory masses-e.g. appendix or diverticular mass.

ultrasound scans to confirm no growth rather than proceed to • Other neoplastic masses-e.g. arising from the bowel or

laparoscopy. peritoneum (benign peritoneal mesothelioma).

The differential diagnosis of a simple adnexal cyst includes:
Endeinetriosis is an incidental finding in up to 25% of laparo-

Paraovarian cysts may reach up to 10 cm, usually recognisable scopies. Symptoms are variable but the most common is dysmcnor-

by the fact they are close to, but can he separated from, the rhoea. The majority (up to 90%) of endometriotic (chocolate) cysts

ovary by gentle pressure with the ultrasound probe (Fig. 34.34). contain diffuse internal echoes due to old blood. The echogenicity of

• Endometriomas (chocolate cysts)-usually contain internal these internal echoes varies from very low level, only discernible

echoes and have a thick wall but may look entirely simple. scanning endovaginally, to moderately high, which may cause some

• Hydrosalpinx-a small hydrosalpinx may mimic an ovarian cyst confusion with a dermoid cyst (Fig. 34.36). The echoes may show

but can be distinguished by its rather elongated shape, its gravity-dependent layering creating a fluid-fluid level (Fig. 34.37).

position around or on the surface of the ovary and the presence The wall thickness of the cysts varies and highly reflective foci or

of incomplete septations due to inucosal folds (Fig. 34.35). flecks of calcification may be seen within the wall. Septations, creat-

e Neoplastic cysts-particularly benign cystadenomas and some i ng multilocular cysts, are common, the various locules containing

borderline tumours. echoes of differing densities, indicating haemorrhage of different

• Peritoneal cysts or fluid trapped around the ovary due to ages (Fig. 34.38). Very large endometriotic cysts occasionally occur

adhesions. These may be asymptomatic or cause cyclical pain and may mimic a solid mass; however, compression of the mass with

(entrapped ovary s.vndrome). The patients usually give a history the probe will usually demonstrate the mass is deformable and the

of complicated pelvic surgery or infection. i nternal echoes move very slowly. Deposits are most easily recog-
nised on the ovary and in the broad ligament; however, endometriotic

Complex adnexal masses Complex adnexal masses can be due deposits do occur anywhere in the pelvis or indeed outside the

to complicated simple cysts; however, various inflammatory and abdomen. Rarely nodules occur on the bowel, on the pleura and in

neoplastic causes must be considered in addition to some non- the soft tissues, particularly at the sites of scars (Figs 34.39, 34.40).

gynaecological causes. Adhesions and diffuse small endometriotic deposits cannot be

Fig. 34.34  eve. fimmoral cyst adjacent
to ovary



Fig. 34.42 EVS. Large thin-walled chronic hydrosalpinx.

Pelvic in flamnxtforv disease is becoming increasingly common
as a cause of adnexal masses, both in the acute and chronic phases.
The ultrasound in acute infection may show free fluid (pus) in asso-
ciation with a complex adnexal mass, which comprises the ovary
and thickened surrounding tube (Fig. 34.41). Doppler insonation
shows low impedance how due to a surrounding inflammatory
reaction. In more chronic disease the ovary may he more easily
definable (Fig. 34.35) with a thin-walled hydrosalpinx adjacent to
the ovary.

The hydrosalpinx may contain internal echoes due to either blood
or pus (Fig. 34.42) and the ovary may look like a polycystic ovary

Fig. 34.39 Huge pleural effusion in a young girl. Aspiration revealed
heavily blood-stained fluid with multiple macrophages typical of pleural
endometriosis.

visualised with ultrasound so a normal ultrasound examination does
not exclude endometriosis. Endometriosis normally resolves after the
menopause but may be reactivated if the patient is taking HRT, hence
endometriosis should still he considered as part of the differential
diagnosis of a complex cyst in post menopausal patients taking HRT.

Fig. 34.41 TAS. Acute pelvic infection with a thick-walled tubo-ovarian
abscess (arrow) and free pus in the pouch of Douglas (arrowhead).

Fig. 34.38 TAS. Endometriosis. Complex ovarian mass with internal sep-
tations and echoes of varying density. Differential diagnosis must include a
malignant tumour.

Fig. 34.40 TAS. Endometriosis in the bladder (cursors). Arrowheads mark
position of the uterus.

Fig. 34.37 TAS. Bilateral endometriomas. Note the fluid level on the left
and the irregularly thickened wall.
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• I ncreased number of episodes of ovulation, for example:
-following treatment with ovulation induction agents
-the nulliparous state.

Some protection is conferred by multiparity, breast-feeding and use
of the contraceptive pill.

Epithelial ovarian tumours Eighty-five per cent of malignant

ovarian tumours are epithelial in origin and the commonest
epithelial carcinoma (60-80%) is a serous cvstadenocarcinoma.

Serous tumours are predominantly cystic masses. They may show
wall thickening and nodularity, internal solid areas and septations.
Malignant tumours tend to have more nodularity and solid areas
than their benign counterparts (Figs 34.44-34.46).

Mutinous c.vstadenocarcirunnas are also large predominantly
cystic masses but tend to be multiloculated with multiple thick

i nternal septations and diffuse internal echoes due to their high
Fig. 34.43 TAS. Complex pelvic mass behind the uterus (arrowheads)
due to peritoneal mesothelioma. Note multiple internal septations and how
the mass conforms to the shape of the pelvis.

because of follicular fluid trapped by surface adhesions. Rarely
patients present with right hypochondrial pain due to perihepatitis
(Curtis-Fitz-Hugh syndrome). Adhesions around the liver have
been described on ultrasound but it is rare to see any abnormality
around the liver, and indeed the pelvic ultrasound may also he
normal in even quite severe pelvic inflammatory disease.

Benign peritonea/ mesotheiionut is a slow-growing rare tumour
that is difficult to treat because of its propensity to local recurrence
(Fig. 34.43).

Fig. 34.44 TAS. Adnexal cyst with one solid area and some fine internal
echoes suggestive of a serous cystadenocarcinoma. Histology confirmed a
borderline malignant tumour.

Ovarian tumours are classified into three main types, according to
their cells of origin: epithelial (60-70%), sex cord stromal (5-10%)
and germ cell (15-20%) tumours. In addition, approximately 5% of
significant ovarian tumours are metastatic in origin. Primary
t umours can be associated with the production of various hor-
mones, including oestrogens, progestogens and androgens. Calcifi-
cation is seen in cystadenomas and cystadenocarcinomas, fibromas
and dermoid cysts/tcratomas.

In addition to classification as benign or malignant, some ovarian
tumours are classified as borderline malignant, indicating that they
have a hcuer prognosis, with a low risk of local recurrence and even

lower risk of mcta.static disease.

Malignant ovarian tumours Carcinoma of the ovary is responsi-
ble for about 5000 deaths/annum in the UK: 80% of tumours
occur in women over 50 years of age. Presenting symptoms (pain,
abdominal distension, vaginal bleeding, bowel and urinary dys-
function) usually occur late in the disease with two-thirds of
patients having spread outside the pelvis at the time of diagnosis.
This late presentation is responsible for the overall high mortality
rate of approximately 70% at 5 years. Metastatic spread occurs
most commonly to the peritoneum, with multiple peritoneal
nodules. ()mental thickening and ascites. Lymphatic spread to the
para-aortic nodes and liver metastases are also seen.

Risk factors for development of ovarian carcinoma include:

• Family history of ovarian, breast, endometrial or colorectal
carcinoma. Women with a pathogenic mutation in the BRCA1 or

BRCA2 genes have a lifetime risk of 40c%o or 25 /. respectively.

Fig. 34.45 TAS. Malignant adnexal cyst with internal echoes and irregu-
l arly thickened wall (arrowhead).

Fig. 34.46 TAS. Solid tumour mass (white arrowheads) surrounding the
posterior aspect of the uterus (black arrows).



Fig. 34.51 TAS. Dermoid cyst in a pregnant patient. Note the echogenic
nodule (arrows) and dense acoustic shadowing (arrowheads).

cysts are typically complex adnexal masses with variable amounts
of cystic and solid areas. They typically show areas of markedly
i ncreased reflectivity and acoustic shadowing due to fat, calcifi-

cation or teeth. Fat commonly floats at the top of the cyst. obscur-
ing deeper structures and the true extent of the mass (Figs 34.50-
34.52). The echogenic nature of the cyst can also make it difficult

to differentiate from bowel (Fig. 34.53), hence the size of a
dermoid cyst may be underestimated with ultrasound.

Approximately 25% are discovered incidentally. Management of
asymptomatic dermoid cysts has changed over the last few years.
Whereas previously all would have been removed, it is now consid-
ered acceptable not to operate on small (less than 5 cm), inciden-

Fig. 34.48 TAS. Solid ovarian mass with a thickened endometrium
(arrowheads) in a postmenopausal patient. Histology revealed a benign
functioning thecoma.

Fig. 34.50 TAS. Typical dermoid with a floating echogenic area with
acoustic shadowing due to fat, with or without calcification. .

Fig. 34.49 EVS. Ovarian fibroma. Homogeneous solid mass (arrows)
arising from the ovary (arrowheads).
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Fig. 34.47 TAS. Benign mutinous cystadenoma showing the typical
multiloculated appearance-impossible to differentiate from a malignant
tumour.

mucin content (Fig. 34.47). Benign mucinous cystadenomas simi-
larly contain thick irregular scptations such that, in the absence of
ascitcs or lymphadenopathy, it is impossible to distinguish a benign
from a malignant mucinous tumour. However, in spite of their
worrying appearance. only 10%- oh mucinous tumours are actually
malignant.

Between 60 and 70% of serous tumours and 5 and 10 (/( , of muci-
nous tumours are bilateral.

Other rarer epithelial tumours include endometrioid carcinomas
(these are associated with endometrial thickening due to endome-
trial hyperplasia or carcinoma in approximately 20-30%:), clear cell
carcinomas and Brenner's tumours. Brenner'.s tumours are invari-
ably benign, large at presentation and may be associated with a
mucinous cystadenoma or dermoid cyst.

Sex cord tumours This group of tumours includes Jibroma.s and
the hormone-secreting tumours such as thecomas, granulo.sa cell
tumours and Sertoli cell tumours (urrhenuhlastumas). They are
usually benign solid tumours. Patients with functioning tumours
often present with the symptoms due to the excess hormone pro-
duction, e.g. post menopausal bleeding (Fig. 34.48). Fibromas are
benign slow-growing tumours which when large may be associ-
ated with ascites and pleural effusions, a condition known as

Meigs'syndrome . Fibromas can be heavily calcified (Fig. 34.49).

Germ cell tumours Dermoid cysts (or benign cystic tercrtomas)
are the commonest tumours in this group; 95% are benign-
particularly in patients aged between 20 and 50 years. Dermoid
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Fig. 34.54 TAS. Bilateral adnexal masses due to ovarian metastases. Note
predominantly cystic mass on the right and partly solid mass on the left.

Fig. 34.52 EVS. Solid-appearing dermoid cyst. Note the thick septum
and two nodules (arrows and arrowheads) casting shadows.

Fig. 34.55 TAS. Metastatic ovarian carcinoma causing omental thicken-
i ng (arrows).

Fig. 34.53 EVS. Echogenic dermoid cyst (arrows). Note how the mass
mimics a loop of bowel. The remainder of the ovary (arrowheads) is seen.

tally discovered dermoid cysts providing the ultrasound findings are
typical and there is no growth on follow-up scans. Between 10 and
1 5% of dermoid cysts are bilateral.

Malignant germ cell tumours (dvsgernrinonuas, immature tera-

tomas) occur predominantly in young women (mean age of approx-

i mately 20 years). They arc usually large solid tumours but
typically only stage I at presentation. They are associated with
raised levels of various tumour markers, e.g. hCG, AFP, CA-I25.

Ovarian metastases ( Kruckenherg's tumours) Ovarian sec-
ondary tumours most commonly arise from primary tumours of
the stomach, colon, pancreas or breast. They may be solid, cystic
or complex ovarian masses, frequently bilateral and usually asso-

Fig. 34.56 TAS. Metastatic ovarian carcinoma showing serosal tumour
ciated with ascites. Secondary tumours are less likely to be multi- (arrowheads) around a loop of bowel (arrow).
J ocular than primary ovarian tumours but otherwise there are no
specific distinguishing features (Fig. 34.54). between high and low impedance flow. Current research is investi-

Differentiation of benign from malignant masses A consider-
gating the use of ultrasound contrast media in association with 3D

able amount has been written attempting to use ultrasound to dif-
ultrasound in the hope that assessment of the pattern of vessels

ferentiate benign from malignant adnexal masses with accuracy
within a mass will help, but to date this is unproven.

rates ranging from 50 to 98%! Clearly the presence of metastatic
Features suggestive of malignancy are:

disease (Figs 34.55, 34.56) indicates malignancy but in earlier • Hypoechoic solid area within the mass (highly echogenic solid

disease it is difficult to be sure. areas due to fat or calcification are typical of dermoids).

Various scoring systems based on morphology and colour and • Thick (more than 3 mm) nodular septations.

spectral Doppler have been devised. A recent paper comparing the • Size of mass greater than 7 cm, although very large but simple

different schemes was able to show that a combination of both mor- cysts are usually benign cystadenomas.

phology and Doppler indices is more accurate than either used • Central rather than peripheral vascularity.

alone but there is no agreement as to which Doppler index is best • RI less than 0.6 (Fig. 34.57). RI greater than 0.8 is suggestive of
and at which level the threshold should be set to distinguish benign disease but there is an indeterminate range of 0.6-0.8;
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Ultrasound has a crucial diagnostic and therapeutic role in the
management of infertility. Its main uses are:

• to confirm normal pelvic anatomy
• to assess ovarian morphology
• to look for pelvic pathology such as endometriosis and

hydrosalpingcs
• cycle monitoring

-to confirm ovulation in natural cycles
-to monitor the response to ovulation induction agents, such as

clomifene and Pcrgonal, and try and prevent ovarian hyper-
stimulation syndrome

-to time hCG injections prior to assisted conception techniques
such as IVF and donor insemination

-to confirm development of the typical midcycle endometrium,
as this has a bearing on conception rates

• to guide for procedures such as cyst aspiration and oocyte
collection.

I n some centres this initial ultrasound examination is combined

with HyCoSy (hysterocontrastsonography) to confirm tubal

patency.
Ovarian hvpcrstimululion svndrunte (DHSS) results in very

enlarged ovaries (up to 10 cm in length) with multiple follicles. It is
associated with ascites and pleural effusions and, when severe. may
l ead to hypovolaemia, disseminated intravascular coagulation,
venous thrombosis and even death. Mild forms are common and
usually self-limiting.

HvCoSv (hystcrocorttrustsonography ) is performed by inserting a
small balloon catheter through the cervix into the uterine cavity. An
endovaginal scan is performed while the ultrasound contrast agent
Echovist is injected via the catheter. Tubal patency is confirmed
when contrast is seen to flow along both fallopian tubes and around
the ovary (Figs 34.59, 34.60). The technique is quite difficult to
l earn but in experienced hands accuracy rates of 80-90c/( for tubal
patency can he achieved. Its obvious advantage over conventional
hysterosalpingography is the lack of ionising radiation. Early
reports claimed it was also less painful but this has not been sub-
stantiated and it has the disadvantage of not showing detailed tuba)
anatomy. Therefore its precise role is still to be determined. It is
probably justified as a screening test for tubal patency in patients
with a low probability of tuba[ disease.

Fig. 34.58 EVS. Ovarian cyst
with nodule in a 65-year-ofd.
Doppler shows low impedance
fl ow (RI 0.50) suggestive of a
malignant tumour. Histology
revealed a benign cys-
tadenofibroma with a Brenner
tumour. No evidence of malig-
nancy.

however, low impedance [low can be seen with benign disease
( Fig. 34.58) and high impedance [low with malignant disease.

Screening for ovarian cancer The 5 year survival for stage I
disease is over 80%, hence there has been considerable interest in
screening for early tumour. Serum CA- 125 measurement, trans-
abdominal and endovaginal ultrasound have all been investigated
but found unreliable. CA-125 measurements are normal in up to
50c/ of stage I tumours, and abnormally high results are found in
healthy controls and patients with endometriosis, cirrhosis and
other abdominal malignancies. The difficulties in distinguishing
benign from malignant masses on ultrasound also lead to a consid-
erable number of false positives and unnecessary laparoscopies.
Current recommendations are therefore that whole population
screening is not justified. However, most authors agree there is
benefit in screening patients known to be at increased risk of the
disease, particularly those thought to have hereditary ovarian
cancer.

Fig. 34.59 HyCoSy. Contrast (Echovist) is seen outlining the cavity and
entering the fallopian tube (arrows).

Fig. 34.57 TAS. Large malignant germ cell tumour in a 25-year-ofd.
Doppler shows typical low impedance flow with RI of 0.5.



Fig. 34.61 Dermoid cyst. Note calcification and teeth with a fat-fluid
level (arrow).

Hysterosalpingography (HSG) remains important in the investiga-
tion of infertility. It is an accurate means of assessing the uterine
cavity and tuba) patency but has a low sensitivity for the diagnosis
of pelvis adhesions so cannot replace laparoscopy. The main cut rent
i ndications for HSG are infertility and recurrent miscarriage. Rare

The role of the plain radiograph in current gynaecological practi e i ndications include checking the efficacy of tubal sterilisation and
s very limited. However, it is clearly important to be able to recog- assessment of the tubes prior to attempted reversal of sterilisation.
nise features of gynaecological disease on plain films and it is still
necessary to perform a plain abdominal X-ray to look for an IUCD Technique The procedure is performed in the first half of the

that cannot be found with ultrasound. Abdominal radiographs may menstrual cycle following cessation of bleeding. The patient is

also be requested to assess bowel dilatation in postoperative asked to refrain from unprotected sexual intercourse from the date

patients and to exclude bowel obstruction as a cause of abdominal of her period until after the investigation to be certain there is no

distension in patients with advanced ovarian cancer. Rarely direct risk of pregnancy. Examination in the second half of the cycle is

invasion by pelvic tumours may cause bone destruction. avoided because the thickened secretory-phase endometrium

Causes of pelvic calcification visible on a plain abdominal X-ray i ncreases the risk of venous intravasation, and may cause a false-

include: positive diagnosis of cornual occlusion. Routine use of antibiotics

i s controversial but a recent consensus statement from the Royal
- popcorn-type• fibroids typically coarse

commonest ovarian

calcification College of Obstetrics and Gynaecology recommends that all non-
• dermoid cysts-

typically

commones tnest mass to calcify (teeth pregnant women under 35 years of age undergoing uterine instru-
and/or a fat-fluid level pathognomonic; Fig. 34.61) mentation should receive prophylactic antibiotics or be screened

• other ovarian masses-cystadenomas /carcinomas, fibromas for relevant organisms. The suggested antibiotic regimen colli-

•
p• seudomyxoma peritonei-from rupture of a mutinous tumour prises metronidazole I g rectally at the time of the procedure plus

• fallopian tube calcification-rare, should suggest tuberculosis doxycycline 100 mg twice daily for 7 days.
• uterine, i.e. endometrial ossification from chronic endometritis. Numerous different types of cannula are available. All possess

some means of preventing reflux of contrast through the cervix and

i deally should allow traction on the uterus. Once the cannula is in

place, water-soluhle contrast medium is injected slowly under
fluoroscopic control until the uterine cavity is distended, the tubes
filled and contrast is seen to spill freely from the distal ends of the
tubes. Spot films should be taken during the early filling phase to

ensure small filling defects are not obliterated by contrast, during
early tuba] filling before the isthmic portions are obscured by con-

trast, and after complete filling of the tubes to demonstrate free
peritoneal spill (Fig. 34.63). Additional oblique views help to
demonstrate the position of the uterus and any fibroids. It is impor-
tant that the uterine cavity is visualised en face. This is usually
achieved by traction on the cervix, but if the uterus is retroverted it
may be more effective to push the cervix so the uterine fundus tips
back into the pelvis and is seen upside-down. Nowadays with
modern fluoroscopic units it is also possible to angle the tube rather

than manipulate the uterus.
I nadequate distension of the uterus (due to cervical reflux) and

tubal spasm can give rise to a false-positive diagnosis of cornual
occlusion. Intravenous hyoscine butylbromide (Buscopan) or

Fig. 34.60 HyCoSy. Echovist outlines a fibroid polyp (arrows) in the
uterine cavity.

I VUs, barium studies, cystograms and sinograms are all occasion-
ally necessary in the investigation of gynaecological patients
but have been largely superseded by ultrasound, CT and MRI.
Cystograms and barium enemas are used to demonstrate vaginal
fistula usually due to surgery or radiotherapy for malignant disease:
the investigation of cyclical rectal bleeding and pain may require a
barium enema to exclude the short smooth stricture typical of
endometriosis and barium studies of the small and large bowel can
be used to demonstrate the typical serosal metastases of ovarian

carcinoma (Fig 34.62).
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Fig. 34.62 Barium enemas. (A) Serosal metastases from ovarian carcinoma. (B) Short smooth stricture due to endometriosis (arrowheads). Note the
puckering of the serosal surface due to adhesions (arrow).

Fig. 34.64 HSG. Venous intravasation. The myometrial plexus is shown
with drainage into the ovarian veins (arrowheads). Peritoneal spill is also
seen.

• Vasovagal reactions-usually from manipulation of the cervix or
i nflation of an occlusion balloon in the cervical canal.

• Venous intavasation of no clinical significance but can make
i nterpretation of the images difficult. It occurs more corm only
in the presence of fibroids or tubal obstruction (Fig. 34.64).

• Allergic reaction to contrast media-very rare.

Congenital uterine abnormalities The uterus develops by
fusion of the paired mullerian duct systems. Complete or partial
failure of fusion is estimated to occur in 3-4% of the general
population. The range of resulting abnormalities is shown in
Fig. 34.65.

Fig. 34.63 HSG. Normal cavity. Both tubes visible with regular mucosal
folds and free peritoneal spill. Note how the contrast flows around loops of
bowel (arrows).

glucagon have been suggested as treatment for this but a World
Health Organization (WHO) study failed to confirm they were of
any value. It is probably more important to avoid rough manipula-
tion of the cervix and allow time for spasm to relax. Gentle traction
on the uterus and change in position of the patient can also help. If
there is doubt about the appearances distally, delayed films will
help distinguish contrast flowing into a large hydrosalpinx from
contrast spilling into the peritoneum and loculated spill.

Complications of HSG include:

• Pain-due to uterotuhal distension or peritoneal spill. Minimise
by slow injection of contrast and the use of isosmolar contrast
agents.

• infection-rare, but more frequent in patients with a past history
of pelvic intlamiiiatory disease and hydrosalpinges.



Fig. 34.66 HSG. Uterus bicornis bicollis. Note the completely separate
cervical canals and uterine horns, both of which have patent tubes.

Fig. 34.68 HSG. Unicornuate uterus. No evidence of a rudimentary horn.

Other uterine abnormalities Filling defects in the uterus are

caused by:

• fibroids (Figs 34.69-34.71)
• polyps / endometrial hyperplasia
• intrauterine adhesions, caused by dilatation and curettage

( D&C), tuberculosis or following exposure to diethyloestradiol
( DES)

• pregnancy.

The effect of fibroids on an HSG depends on their position
within the uterus. Subserosal fibroids may cause displacement of
the cavity but are otherwise undetectable; mural fibroids enlarge the
cavity and may or may not cause distortion; submucous fibroids
appear as polypoid filling defects within the uterine cavity, indistin-
guishable from endometrial polyps. Early-filling films are neces-
sary to demonstrate small fibroids and oblique views are helpful in
confirming their exact location.

Fig. 34.65 I mportant congenital abnormalities of the uterus.

Minor degrees of abnormality are of no clinical significance;
howeyer, there is an increased incidence of recurrent miscarriage in

patients with a septate uterus, so differentiation from a bicornuate
uterus is important. On HSG an angle of >90 0 between the horns is
suggestive of a bicornuate uterus but definite differentiation from a
septate uterus requires further investigation to look for a fundal

notch.
Truly unicornuate uteri arc rare, so if an apparently unicornuate

uterus is demonstrated on HSG care should be taken to look for a
rudimentary horn or second cervix (Figs 34.66-34.68).

Fig. 34.67 HSG. Bifid uterine cavity. Impossible to be sure if this is bicor-
nuate or septate.
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Fig. 34.72 HSG. Polypoid endometrium causing multiple filling defects
(arrows) only seen on the early filling film.Fig. 34.69 HSG. Filling defect due to submucous fibroid.

Fig. 34.70 HSG. Cavity and right fallopian tube being distorted by large
mural fibroid. Note small calcified fibroid on the left (arrows).

Fig. 34.73 HSG. Linear filling defects in the uterine cavity due to adhesions.

i f extensive, they can completely obliterate the uterine cavity, causing
Asherman's syndrome (Fig. 34.74). Asherman's syndrome is amenor-
rhoea due to intrauterine synechiae, usually caused by dilatation and
curettage for postpartum haemorrhage or retained products of concep-
tion. Rarely it follows a normal pregnancy. Treatment comprises hys-
teroscopic resection of the adhesions and insertion of an intrauterine
device to separate the walls of the cavity.

I ntrauterine adhesions and small irregularly-shaped cavities are
also seen in patients with chronic endometritis due to tuberculosis
(Fig. 34.75). Genital Tuberculosis primarily affects the fallopian
tubes and 50r// of patients with tubal disease will have a uterine
abnormality. Tubal tuberculosis leads to a rigid abnormal tube with
occlusion in the isthmus. The ends are frequently clubbed and there
are diverticula-like projections from the tubal surface. Tubal (and
very rarely ovarian) calcification can be seen.

A small irregular T-shaped cavity, with constrictions around the
body, is also associated with c.sposure to DES, a drug that was used
from 1940 to 1960 to treat recurrent miscarriage. It resulted in a
range of genital abnormalities in the daughters of treated mothers
and is associated with increased incidence of subfertility, ectopic
pregnancy and pregnancy loss, as well as an increased incidence of
clear cell carcinoma of the vagina.

Fig. 34.71 HSG. Cavity enlarged by fibroids.

Multiple small filling defects causing an irregular lobulated outline
to the uterine cavity are also seen with endometrial hyperplasia, for
example in patients with polycystic ovary syndrome (Fig. 34.72).
Intrauterine synechiae/adhesions cause linear or irregularly-shaped
filling defects that are not obliterated by increasing amounts of con-
trast (Fig. 34.73). They are associated with recurrent miscarriage and.



Fig. 34.75 HSG. Tuberculous endometritis leading to an irregular T-
shaped uterine cavity.

Adenomvosis (endometriosis interna) is a rare cause of sub-
fertility: it can be recognised by diverticula-like projections of con-
trast from the cavity into the myometrium, usually in association
with an enlarged uterus (Fig. 34.76).

Tubal disease Pelvic inflammatory disease is the most common

cause of both distal and proximal tLibal occlusion. Preservation of
mucosal folds within a hydrosalpinx is said to be associated with
a good response to tubal surgery; however, nowadays patients are
frequently referred directly for IVF rather than being considered
for tubal surgery. Peritubal adhesions cannot be identified reliably
on HSG but their presence can be inferred if contrast remains
l oculated around the tube instead of spreading freely in the peri-
toneum, and if the tube looks angulated or distorted. Delayed
i mages may be of value in determining this (Fig. 34.77).

Other causes of tubal occlusion are endometriosis, postabortal or
postpuerperal infection and tuberculosis.

Salpingitis isthrnica nodosa (Fig. 34.78) is characterised by mul-

tiple diverticula-like collections of contrast projecting from the
tubal lumen. It is usually due to pelvic inflammatory disease or
endometriosis and is associated with an increased incidence of sub-
fertility and ectopic pregnancy.

Fig. 34.78 HSG. Salpingitis isthmica nodosa (arrows). The right tube is
patent but the left tube is very irregular and beaded and terminates in a
hydrosalpinx (arrowhead).

Cornual polyps are occasionally seen as tiny filling defects at the
cornua but they rarely cause obstruction and are of questionable
clinical significance.

Fig. 34.77 HSG. Normal right tube but a large left hydrosalpinx. Note
the mucosal folds on the left have been obliterated and there is no distal
spill.

Fig. 34.76 HSG. Enlarged uterus with multiple diverticular-like projec-
tions of contrast into the myometrium typical of adenomyosis.Fig. 34.74 HSG. Severe Asherman's syndrome with complete oblitera-

tion of the uterine cavity.
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Selective fallopian tube catheterisation and recanalisation

Approximately 50% of proximal tuba] occlusions have been
shown to be due to spasm, amorphous debris and fine adhesions,
rather than to a true histological occlusion, and these are amen-
able to treatment by selective fallopian tube catheterisation.

Following a conventional HSG a 5F catheter is manipulated into
the origin of the tube. Contrast is injected to confirm tubal occlusion

and then a guide-wire (0.35 in) is used to probe the tube and hope- The role of CT in the evaluation of gynaecological diseases in the
fully dislodge the obstruction. Success rates for tuba] recanalisation pelvis has declined since the advent of endovaginal scanning and
of 70-80%%r have been achieved, with subsequent pregnancy rates of MR1.

1 0-45%. This compares favourably with success rates achieved by As a general rule, benign disease should be investigated initially
I VF. The technique is popular in the USA but has been slow to gain by ultrasound and then MRI, rather than CT, which is used to solve
acceptance in the UK, most gynaecologists preferring to send their specific problems. Staging of malignant disease requires CT or
patients with tuba] disease directly for IVF (Figs 34.79, 34.80). MRI, depending on the site of the primary tumour. MRI is superior

Selective tubal catheterisation also allows measurement of tubal to CT for staging cervical and uterine carcinoma, particularly with
filling pressures. A pressure transducer is connected between the respect to local disease, but CT still has a role in ovarian carcinoma
catheter and an injection pump. Once the catheter tip is positioned because of its ability to detect peritoneal deposits.
i n the cornea, contrast is injected at a constant rate and the back- Currently CT and MRI have similar capabilities for detecting
pressure monitored until tuba] filling is achieved. Normal tubes fill lymphadenopathy, although the use of different imaging planes and
with pressures less than 200 cm H2O. A pressure rise of greater than development of specific contrast suggest that MRI will eventually

prove to be more accurate. However, CT is frequently used as an
i maging modality in patients with non-specific lower abdominal
symptoms such as pain, or to determine the site of origin of a mass,
so it is clearly necessary to be aware of the CT appearances of
gynaecological conditions.

CT of the pelvis is performed following opacification of the
small bowel with oral contrast (given at least an hour before the
scan) and with a moderately full bladder. Some institutions also use

a vaginal tampon and rectal contrast. Intravenous contrast enhance-
ment helps to distinguish lymphadenopathy from pelvic vessels, so
i s mandatory when CT is performed as a staging investigation.

CT anatomy of the pelvis The vagina is identified as a thin rec-
tangular structure with a brightly enhancing mucosa. The ceryix
and uterus appear as soft-tissue masses, only distinguishable from
each other by their shape, i.e. the cervix is round anti the uterus
oval or triangular in cross-section. The endometrium is not easily
distinguished from the myometrium but distension of the cavity
by fluid is discernible, particularly following enhancement with

i ntravenous contrast.
The ovaries can usually be seen in adult premenopausal patients

as soft-tissue masses postcrolateral to the uterus; however, their
position is variable and their precise appearance depends on
whether or not there are cysts/follicles present. The atrophic ovaries
of post menopausal patients are frequently indistinguishable from

surrounding structures.

Uterine fibroids Fibroids typically cause an enlarged lobulated
uterus. They are usually isocchoic with the myometrium and show
similar enhancement following intravenous contrast administration;
however, they may contain calcification (up to 10%) or areas of
reduced attenuation due to degeneration or necrosis. High-attenua-
tion areas are also seen due to haemorrhage. Pedunculated fibroids
may be difficult to distinguish from an adnexal mass and submucous
fibroids may expand the cavity, mimicking an endometrial carci-
noma. There are no specific features to differentiate fibroids from
adenomyomas or other rare myometrial tumours, such as metastases

or leiomyosarcomas (Figs 34.81, 34.82).

Endometrial carcinoma Endometrial carcinoma typically causes

a hypodensc, irregular mass expanding the uterine cavity, some-

Fig. 34.80 Selective salpingography. 5F catheter and wire manipulated
into the right uterine cornua. Subsequent injection of contrast shows tubal
patency with free peritoneal spill.

Fig. 34.79 HSG. Bilateral cornual occusions.



Fig. 34.83 CT. Small adnexal cyst (arrow) in postmenopausal patient.
EVS confirmed a small simple cyst.

Fig. 34.81 CT. Bulky uterus with low-density areas due to fibroids. One
small fleck of calcification.

Fig. 34.84 CT. Complex mass in the pelvis typical of a dermoid cyst
(arrows). The mass is of mixed attenuation but contains a large amount of
fat. It has a calcified rim and a dense area of calcification (arrowheads)
i nferolaterally due to a tooth.

ureters. Short-axis measurements of greater than 0.8 cm in the

common iliac nodes is said to indicate a high likelihood of metastasta disease and this is particularly true if the nodes are relatively
hypoechoic following contrast enhancement, i.e. they possess the
same enhancement characteristics as the primary tumour.

Adnexal masses Functional ovarian cysts are visible as thin-
walled low-attenuation masses within the ovaries (Fig. 34.83).
Pain can be due to rupture, haemorrhage or torsion. On CT haem-
orrhage may be recognised by the presence of high-attenuation
fluid within a cyst. Acute torsion causes severe pain and most
patients proceed to laparoscopy without CT; however, subacute
torsion can be difficult to diagnose clinically. CT findings include
deviation of the uterus to the side of the torsion and engorgement
of adjacent blood vessels around a non-enhancing mass (the
enlarged ischaemic ovary). Apparently simple functional cysts
should be further evaluated with ultrasound to confirm their
benign and transient nature.

The cause of complex (i.e. partly cystic and partly solid) adnexal
masses is difficult to determine on CT. A dermoid cyst can be
diagnosed with confidence if fat and calcification are seen within it
(Fig. 34.84) (approximately 90%) but otherwise it is difficult to
distinguish neoplastic from inflammatory masses. The same criteria

Fig. 34.82 CT. Bulky mildly heterogeneous uterus with posterior dis-
placement of the cavity due to adenomyosis rather than fibroids.

ti mes associated with blood, fluid or pus within the cavity. CT is
good at determining the extent of extrauterine disease but cannot
easily differentiate stage I from stage 2 disease, so formal staging

is far better performed with MRI.

Cervical carcinoma Cervical carcinoma is suggested by the pres-
ence of an enlarged irregular cervix. The tumour enhances less
than the surrounding normal cervical stroma, forming a relatively
hypodense area following intravenous contrast. Fluid may be seen
within a distended uterine cavity if the cervical canal is obstructed
by tumour. Parametrial invasion is demonstrated by loss of clarity

of the cervical margins, with an eccentric soft-tissue mass and
stranding into the paracervical fat. However, minor soft-tissue
stranding should be interpreted with caution as inflammatory
changes and oedema following dilatation and curettage or cone
biopsy can give similar appearances. Loss of the fat planes
between the cervix and the ureters, rectum and/or bladder is

indicative of advanced disease (i.e. stage 3 or greater). There is
also sonic correlation between cervical size and prognosis-a
maximum anteroposterior depth greater than 4 cm is associated
with a significantly higher incidence of nodal metastases and a
poor prognosis.

Evaluation of a patient with cervical carcinoma must also include
assessment of the iliac and para-aortic lymph nodes and both
kidneys because of the propensity of the tumour to invade the
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i noperable metastatic disease, e.g. liver metastases, for whom
surgery may have little to offer.

Fig. 34.87 Patient with a history of recurrent very heavy vaginal bleed-
i ng. Selective internal iliac artery injection shows an abnormal stellate col-
l ection of vessels on the right. Embolisation was performed, with good
symptomatic relief.

Fig. 34.86 CT. Patient with ovarian carcinoma, peritoneal deposits (white
arrowheads), para-aortic lymphadenopathy (black arrowheads) and
' omental cake' (black arrows).

Angiography Arteriography as a purely diagnostic procedure is
rarely indicated nowadays. However, embolisation of both uterine
arteries can be performed safely with a high success rate and low
complication rate, hence it can be used to treat intractable bleed-
ing, such as may occur following childbirth, from pelvic tumours,
following radiotherapy, following trauma and from the very rare

uterine arteriovenous malformations. Arteriovenous malforma-
tions are suspected from a history of recurrent extremely heavy
bleeds which usually follow a miscarriage or uterine intervention,
such as dilatation and curettage or evacuation of retained products
of conception. Colour Doppler ultrasound demonstrates an area
of abnormal vascularity in the uterus with high flow rates and low
impedance flow on spectral Doppler (Fig. 34.87).

More recently transcatheter embolisation of the uterine arteries
has been advocated as a means of treating large fibroids in patients
who wish to avoid hysterectomy. Embolisation of both uterine arter-
ies is performed using polyvinyl alcohol (PVA) particles, with or
without gel foam. Antibiotic cover is given, with sedation and anal-
gesia as required. Results to date show a reduction in uterine sire of
40-70% and a reduction in abnormal menstrual bleeding in 8090%
of patients. The complication rate is low, the most common compli-
cation being pain due to ischaemic necrosis. Postprocedural infec-
tion occurs in 1-2%. There are reports of successful pregnancy
following embolisation but amenorrhoea, thought to be due to

CT does, however, retain a role in staging of ovarian carcinoma, ovarian failure, has also been reported, so the technique should be

largely because of its ability to detect peritoneal and serosal considered very carefully in patients who are trying to conceive.

deposits in addition to liver and nodal metastases. Typically there is Percutaneous aspiration and drainage Follicular aspiration for
diffuse thickening of the omentum-so-called omental cake with oocyte retrieval is routinely performed with ultrasound guidance
nodular thickening of the peritoneum and serosal surface of the but there is reluctance to aspirate cysts because of fear of seeding
bowel (Fig. 34.86). Most ovarian carcinomas are already advanced malignant cells in to the peritoneal cavity. However, cysts that are
at the time of presentation but surgery is still helpful to reduce
tumour bulk. Preoperative staging of ovarian carcinoma is therefore
performed to assess tumour hulk and detect those patients with

Fig. 34.85 CT. Bilateral cystic adnexal masses. Note the tiny gas bubble
(arrow) seen in one of the masses. Laparoscopy confirmed bilateral hydro-
salpinges with chronic infection.

are applied to adncxal masses on CT as for ultrasound, i.e. a complex
mass with thick irregular septations and wall nodularity is strongly
suggestive of a carcinoma. Rarely gas is seen within a mass and indi-
cates a pelvic abscess (Fig. 34.85). Calcification may be seen in a
pcdunculated fibroid or a solid ovarian tumour such as a fibroma.

Endometriotic cysts have a very variable appearance on CT, with
areas of high attenuation within them due to haemorrhage; how-
ever, both sensitivity and specificity for endometriosis are low on
CT and quite extensive peritoneal implants can be missed.



Fig. 34.88 Normal uterus on a sagittal T 2 -weighted spin-echo (TSE
3500/100) image with normal zonal anatomy of central high-signal
endometrium (e), the junctional zone (j) and the outer myometrium (m).

urine-filled bladder.

Fig. 34.89 Normal zonal anatomy of the cervix on a transverse
T,-weighted spin-echo (TSE 3500/100) image. b = bladder; s = cervical
stroma; straight arrow = cervical mucus and epithelium.

sity of the three zones in the uterus occur during the menstrual
cycle, with an increase in volume and signal of the myometrium in
the secretory phase. Following intravenous gadolinium-chelate the
endometrium and myometrium enhance, with the functional zone
remaining low-signal on T,-weighted images.

The
cervix

is a cylindrical-shaped structure measuring 2-4 cm in
l ength, connecting with the body of the uterus at the isthmus. The
l evel of the isthmus is approximately at the peritoneal reflection on
the bladder. The cervix has two distinct layers: a hyperintense
central zone representing cervical mucus and epithelium, with an
outer zone of low signal, similar to the uterine functional zone, due
to the fibrostromal wall (Fig. 34.89). A further peripheral layer of
intermediate signal may be seen continuous with the myomeu-i um.
The paramerrium has an intermediate signal on T,-weighted images,
with increase in signal on T-weighted scans. After intravenous
gadolinium-chelate the compact cervical stroma retains its low
signal, with enhancement of the paracervical tissue and inner cervi-
cal epithelium on T,-weighted images. There are numerous glands
lining the cervical canal and the ducts of these glands can become
blocked, producing retention (nabothian) cysts (Fig. 34.90). These
are commonly seen on MRI of the female pelvis.

The vagina can be identified as a high-signal central zone of
mucus and epithelium surrounded by a low-signal muscular wall
(Fig. 34.88). The vagina cm he divided into three regions: an upper
third is characterised by the lateral vaginal fornices. a middle third
i s at the level of the bladder base, and a lower third is at the level of
the urethra. There is a high-signal venous plexus surrounding the
cervix and vagina, best seen on transverse T,-weighted images
( Fig. 34.90).

Intrauterine contraceptive devices (IUCDs) are safely imaged
with MRI, with no adverse heating or torque effects demonstrated.
All IUCDs show a signal void, the extent depending on the type of
device in situ, on all pulse sequences (Fig. 34.91). A contraceptive
diaphragm will, however, produce a signilleant signal artefact.

Both sagittal and transverse imaging planes are required when
assessing the uterine body, cervix and vagina. T,-weighted scans
display the characteristic zonal anatomy, with three distinct areas
within the uterine body ( Fig. 34.88). There is a hyperintense central
zone representing the endometrimn combined with secretions in the
endomctrial canal, an outer area of intermediate signal due to
myometrium, and a low-signal functional zone between, from a
layer of compressed myometrium. Changes in size and signal inten-

Jeremy P. R. Jenkins

MRI is an important technique in the evaluation of pelvic pathology
due to its ability to obtain images with a high soft-tissue contrast
resolution and discrimination in multiple planes. It is now the
primary technique of choice in the staging of pelvic malignancy,
with the exception of staging ovarian malignancy, where CT is the
preferred technique. Advantages of MRI in the pelvis have been
discussed in Chapter 3I .

likely to be benign can be safely aspirated-either trans-
abdominally across a distended bladder or endovaginally. This is
effective treatment for pain caused by functional cysts or adhe-
sion-related peritoneal cysts, with a risk of recurrence of 15-20%.

Similarly patients with large tubo-ovarian abscesses may benefit
from aspiration or drainage of the pus, the preferred route depend-
ingon the location of the abscess.

Ultrasound guidance can also help to guide drainage of an
obstructed uterus.
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Fig. 34.90 Nabothian cysts (curved arrow) within the cervix on a fat-
suppressed transverse T2 - weighted spin-echo (FSE 3500/100) i mage.

Fig. 34.91 An IUCD (arrow) within the uterus (u) on a transverse fat-
suppressed T 2- weighted spin-echo (FSE 3500/100) image. f = free fluid in
the sacral cul de sac.

Fig. 34.92 (A,B) Uterine didelphys showing two separate uteri and
cervices (arrows) are demonstrated on transverse T 2 - weighted spin-echo
(FSE 3500/100) i mages. Note the normal left ovary (o).

ferent: a bicornuate uterus requires abdominal surgery, whereas the
septate uterus can be repaired hysteroscopically. MRI, as with other
i maging methods, can be used to assess any renal tract abnormal-
ities coexistent with these miillerian duct anomalies.

Leiomyoma This is the most common solid uterine tumour, hcing
single or multiple. These tumours are composed of smooth

muscle with varying amounts of fibrous tissue, and occur in
20-30% of premenopausal women. They are located in the sub-
mucosal, intramural and subserosal spaces of the uterus. Rarely
they can occur along the broad ligament or be entirely separate

f ront the uterus. Submucosal tumours project into the endometrial

The upper two-thirds of the vagina, cervix, uterus and fallopian
tubes develop from fusion and descent of paired rudllerian ducts.
The lower third of the vagina is derived from the urogenital sinus.
Partial or complete failure of the ducts to fuse results in a spectrum
of complex abnormalities. MRI is the technique of choice in assess-
ment and evaluation of these congenital lesions. MRI can demon-
strate unicornuate, bicornuate and septate uteri, and uterine
didelphys ( Fig. 34.92). A uterine didelphys is one in which two
separate uteri and cervices are visualized. A septate uterus is one in
which the uterine septum fails to resorb, which results in failure of
correct placental implantation and subsequent miscarriage. MRI is
able, unlike other imaging techniques, to differentiate a septate
from a bicornuate uterus. The importance of making this distinction
is that the surgical approach for treating the two anomalies is dif-



Fig. 34.94 Endometrioma deposit (arrow) within the bladder wall on
(A) coronal T,-weighted (SE 650/25) and (B) coronal T 2 -weighted spin-echo
(TSE 3500/100) i mages. Note the areas of high signal within the superficial
margin of the deposit due to haemorrhage in (A), and the low signal on the
T 2 - weighted in (B). b = bladder; u = uterus.

Fig. 34.93 Multiple leiomyomas (I) on (A) sagittal and (B) T2 -weightec
spin-echo (FSE 3500/100) i mages with a large cervical intramural leiomy
oma (c) and smaller intramural tumours (e). There is a degenerating serosa
eiomyoma (d) and a smaller serosal leiomyoma (s) adjacent to a loculatec

cystic collection due to an associated hydrosalpinx (h). b = bladder.

cavity, and intramural lesions arise within the myometrium.
Subserosal leiomyomas occur along the serosal surface of the

presence of a retroverted or displaced uterus. In addition, difficulty
uterus. As the tumours are oestrogen-dependent they can grow

can be encountered in discriniinatin<=
rapidly dduring pregnancy, and tend to regress following the

between a uterine and an
g p

g

y'
g g adnexal mass. False-negative rates of up to 20% for the detection

menopause.
MRI provides an accurate assessment of the site, size and

of leiomyomas by ultrasound have been reported. Precise delin-
eation of uterine leiomyomas can determine appropriate treatment.

number of uterine leiomyomas, with lesions as small as 3 mm
The relationship of these tumours to the endometrium and june-

diameter being detected. Leiomyomas are classified according to
tional zone is important in patients being considered for selective

their position-submucosal, intramural, subserosal or cervical
myomectomy. MRI is useful in demonstrating subserosal

tumours(Fig. 34.93). Non-degenerating leiomyomas have a characteristic
and those submucosal lesions on a pedicle or stalk, as the presence

uniform signal intensity, being indistinguishable from myometrium
of either of these precludes the use of uterine artery ablation as a

onT1-weighted i mages, with a lower signal on T,-weighted scans
treatment.

( Fig. 34.93A). Occasionally calcification within these tumours
produces a low signal on all pulse sequences. Degenerating tumours Endometriosis This is a condition of unknown cause in which

show a variable and non-specific signal appearance with an endometrial glands and stroma (functioning endometrium) are
i ntermediate-high signal on T,-weighted and a high signal on T2- found outside the uterine cavity and musculature. This ectopic

weighted images (Fig. 34.93B). Malignant transformation cannot endometrimn, being influenced by circulating hormones, under-

be differentiated from benign degenerating tumours. The use of goes repeat haemorrhage and develops into blood-filled cysts

intravenous gadolinium-chelate does not improve the detection rate (termed endometriomas). These haemorrhagic cysts are associ-

orcharacterisation of leiomyomas. ated with adhesions and scarring. They can occur on any
While the assessment of leiomyomas is usually by clinical retroperitoneal surface, and have been found at distant sites

examination and ultrasound, these techniques can be limited in the (lymph nodes, lung and hone).

GYNAECOLOGICAL IMAGING 1095
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Fig. 34.97 Diffuse adenomyosis on sagittal T2 - weighted spin-echo (TSE
3500/100) i mage showing diffuse irregular low-signal thickening of the

j unctional zone. b = bladder.

Fig. 34.95 Endometriosis on a transverse T 2- weighted spin-echo (TSE
3500/100) i mage showing multiple fluid-fluid levels from haemorrhagic
contents within multiloculated cysts filling the pelvis. There is dilatation of
the right ureter (arrow).

detection of these lesions can be achieved using high-resolution
fat-suppressed T,-weighted imaging. MRI cannot be used for
routine screening or staging because of limitations in sensitivity
and specificity, and laparoscopy is still required. MRI is, however ,
useful in the assessment of patients with adnexal and other masses
following a non-diagnostic ultrasound examination.

The characteristic appearance of endometriosis is of multiple,
multiloculated cysts with thick walls and haemorrhagic fluid
contents. On MRI the haemorrhagic component appears of high and
l ow signal on T 1 - and T,-weighted images, respectively (Fig. 34.95).
The low signal on the T,-weighted scans is due to the profound T,
shortening from the haemorrhagic component. A less specific
appearance, which is not uncommon in endometriomas, is of a high
signal on both T,- and T,-weighted scans, and this is similar to
haemorrhagic functional cysts of the ovary as well as malignant
t umours. Some endometriomas are solid masses with low signal on
T,-weighted images due to fibrosis (Fig. 34.94A), which can
enhance following gadolinium-chelate injection. Small foci of haem-
orrhage may be seen in these masses. Solid endometriomas may
i nvade deeply into bladder and bowel (Fig. 34.94).

Adenomyosis Adenomyosis, which represents heterotopic stratum
basale of the endometrium interdigitating with the myometrium,
cannot be distinguished from leiomyomas on clinical findings or
by ultrasound. Each produces similar symptoms of pelvic pain and
menorrhagia with uterine enlargement. Distinction between the
t wo pathologies is important as treatment options are different:
hysterectomy for adenomyosis versus myomectomy for leionry-
oma. Adenomyosis can be focal, diffuse or microscopic. There is
debate as to the normal thickness of the junctional zone, with the
maximum limit suggested to be up to 12 nun, rather than 5 min as
i ndicated in earlier studies.

Adenomyosis can he diagnosed, and usually differentiated from
l eiomyomas, on MRI as a diffuse or focal thickening of the junc-
tional zone, with or without focal areas of high signal on T,-
weighted images (Figs 34.96, 34.97). On T,-weighted images focal
adenomyosis appears as a poorly marginated low-signal mass
within the myometrium contiguous with the endometrium. An ill-
defined margin is the feature that distinguishes focal adenomyosis

Fig. 34.96 Focal adenomyosis (arrow) on (A) coronal and (B) sagittal T 2
-weighted spin-echo (TSE3500/100) i mages showing focal low-signal thick-

ening of the junctional zone in (A) undergoing haemorrhage (arrowed in
(B)) a year later. b = bladder; e = intramural leiomyoma.

MRI has been used in the detection of endometriomas
( Fig. 34.94), with reported high levels of accuracy. However, small
(<I cm) encfometrial implants, which may be the cause of symp-
toms, can easily be missed on MRI. Improved conspicuity in the



Fig. 34.98 Carcinoma of the cervix (stage 1132) showing exophytic
tumour (arrows) within the vaginal canal on sagittal T2 -weighted spin-echo

(TSE 3500/100) i mage. Note the intact low-signal vaginal wall. b = bladder.

Fig. 34.99 Large cervical carcinoma (arrow) infiltrating into the bladder
(b) with a separate tumour nodule in the posterior fornix (arrowhead) on a
sagittal T 2- weighted spin-echo (FSE 3000/100) i mage. Note the endome-
trial obstruction (e). (Courtesy of Dr I. M. Hawnaur, Department of
Diagnostic Radiology, University of Manchester.)

enhancement, should allow greater precision in measuring the depth

of penetration of tumour into the cervical wall. Carcinoma confined

within the cervix but with >5 mm depth of invasion or >7 mm in

breadth (FIGO stage IB) can be demonstrated on MRI. Stage IB

disease has recently been further subdivided into clinical tumours

not exceeding 4 cm in diameter (stage IB I ), and more bulky disease

l arger than 4 cm (stage 1B2) (Fig. 34.98). Tumour volume is an

important prognostic factor in stage I disease. Patients with early

stage IB disease may have a survival of >90%, which reduces to

50-60% or less for those with bulky disease. This invasive cervical

carcinoma is better demonstrated on MRI than CT and appears as

an area of high signal contrasted against the low-signal cervical

stronta on T,-weighted images. The presence of a low-signal

stromal ring around the high-signal tumour is good evidence

(93-100% sensitivity) of a confined tumour. The absence of a low-

signal stromal hand, however, is not certain evidence of parametrial

spread due to limitation in spatial resolution using current MRI

techniques. The use of high-resolution MRI, as indicated above, is

likely to overcome this limitation. The cervix may enlarge, leading

to obstruction of the endometrial canal with distension of the uterus

from retained secretions (Fig. 34.99).

I n FIGO stage II disease the tumour extends beyond the cervix.

In stage IIA the tumour extends into the upper two-thirds of the

vagina but not into the parametrium (Fig. 34.100), and stage IIB

disease extends into the parametrium but not to the pelvic side-wall

(Fig. 34.10I ). This distinction is critical, as most institutions treat

l esions above stage IIA disease by radiation therapy. The reported

accuracy of MRI in the demonstration of parametrial or vaginal

spread is approximately 70-9014. On MRI T,-weighted images

extension into the parametrium is identified by the high-signal

tumour breaching the low-signal cervical stromal wall on trans-

verse, or transverse-oblique sections parallelling the short axis of

the cervix. False-positive results on MRI are due to surrounding

A staging classification for cervical carcinoma has been described by

the Committee of the International Federation of Gynaecology and

Obstetrics (FIGO), based primarily on clinical findings and recently

revised in 1995 (Box 34. 1, which also gives the TNM classification).

This staging system was devised to assist in the assessment of differ-

ent institutions and to aid in the evaluation of treatment planning and

results. It should he noted that MRI and CT were not included as part

of the staging classification, and nor was lymph node status, as these

methods of assessment were not widely available. The FIGO staging

classification is used in the assessment of cervical carcinoma.

FIGO stage I disease is tumour confined to the cervix and is sub-

divided according to the depth of stromal invasion. Current MRI

usage is limited in its role in assessment of this stage of disease.

The use of pelvic phased-array and/or endorectal/endovaginal coil

technique with resultant improved resolution, possibly with contrast

from leiomyomas, although small leiomyomas can have ill-defined

margins as well, which can lead to misdiagnoses.

Box 34.1 FIGO/TNM staging of cervical carcinoma

FIGO TNM

0 I n situ Tis
I Confined to uterus TI
IA Diagnosed only by microscopy Tl a
Al Depth <_3 mm; width <7 mm Tl al

IA2 Depth >3-5 mm; width
<7

mm TI a2
IB Clinically visible or microscopy >IA2 T] b
IBI Clinically

<4
cm diameter TI lot

1132 Clinically >4 cm TI b2
II Beyond cervix but not to pelvic wall T2
IIA Involvement of vagina but not lower third T2a
li t Parametrial extension but not to pelvic side-wall T2b
Ill Extension to pelvic wall/lower third vagina/hydronephrosis T3
IIIA Lower third vagina T3a
IIIB Extension to pelvic wall/hydronephrosis T3b
IV Extension beyond true pelvis/bladder/rectum T4
IVA I nvolvement of bladder/rectum T4

IVB Spread outside true pelvis/metastases to other organs M1
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Fig. 34.102 Bulky carcinoma of the cervix extending into the body of
the uterus, lower third of the vagina (small arrows) and bladder (open
arrow) on a sagittal T2 - weighted spin-echo (TSE 5041/132) i mage.
(Courtesy of Dr R. J. Johnson, Christie Hospital.)

Fig. 34.100 Bulky exophytic cervical carcinoma confined within the
cervix on a sagittal T2 - weighted spin-echo (TSE 5041/132) i mage. The low-
signal vaginal wall remains intact apart from an area of tumour infiltration
posteriorly (arrow). Within the tumour in the anterior fornix there is an area
of necrosis. b = bladder. (Courtesy of Dr R. J. Johnson, Christie Hospital.)

Fig. 34.103 Tumour (t) infiltrating the parametrium and left iliacus
muscle (i), with left-sided involved lymph nodes (n) and a right ovarian
metastasis (o) on a transverse T 2 - weighted spin-echo (TSE 3500/100)
i mage. b = bladder.

other cause (stage IIIB) (Fig. 34.103). MRI criteria for pelvic side-
wall invasion includes tumour within I cm of the muscles of the
pelvic wall, vascular encasement or high-signal tumour replacement
of low-signal adjacent muscles (levator am, piriformis, obturator inter-
nus) (Figs 34.103, 34.104). Overstaging of tumour can again occur
due to surrounding oedema or inflammatory change.

I n stage IV disease the tumour extends outside the reproductive
tract, with tumour involvement of the mucosa of the rectum or
bladder (stage IVA) (Fig. 34.105), or disease outside the true pelvis

or distant metastases (stage IVB). Sagittal and transverse T2-weighted
scans allow assessment of tumour infiltration into the lower uterine
segment, bladder, rectum and vagina, where high-signal tumour
replaces the normal low-signal structures (Figs 34.106, 34.107). The
use of dynamic contrast enhancement allows a clearer assessment of

Fig. 34.101 Carcinoma of the cervix (stage I I B) showing tumour (t)
within the parametrium (arrows) on transverse T 2- weighted spin-echo
(ESE 3500/100) i mage. Note the loss of the normal low signal from the
cervical stroma. b = bladder.

oedema, vascular parametrium or an inflammatory reaction to the
tumour. Vaginal extension is indicated on MRI by high-signal
tumour replacing the normal low-signal vaginal wall (Fig. 34.100).
Overstaging of disease occurs particularly from large exophytic
tumours in the region of the anterior fornix. As direct inspection of
vaginal infiltration can be easily performed, this assessment on
MRI is not critical.

In FIGO stage III disease there is extension into the lower third of
the vagina (stage IIIA) (Fig. 34.102), or to the pelvic side-wall with or
without hydronephrosis, or a non-functioning kidney due to no known



Fig. 34.105 Recurrent carcinoma of the cervix (t) infiltrating into the
parametrium and right levator ani on a transverse T 2- weighted spin-echo
(TSE 5041/132) i mage. Note the low-signal vaginal wall (arrow). b = bladder,
r =rectum. (Courtesy of Dr R. J. Johnson, Christie Hospital.)

tumour extension into the bladder or rectal wall, compared with
T_,-weighted images.

Although /sinph node status is not part of the FIGO staging, the
presence and extent of lymphadenopathy has important implica-
tions in treatment and prognosis. The presence or absence of pelvic
lymphadenopathy is assessed on T,-weighted images, with nodes
greater than 7-10 mm in diameter being considered abnormal (see

Ch. 31) (Fig. 34.103). Similar signal intensity appearances are,
however, obtained from hyperplastic and nmetastatic nodes. A new
MRI lymphographic contrast is now available using ultasmall iron
oxide particles (USIOP), which accumulates in normal nodes, pro-
ducing a signal void while sparing metastatic nodes, which retain
their abnormal signal (see Chapters 2, 59). The use of this agent

Fig. 34.104 Cervical carcinoma (t) extending into the parametrium pro-
ducing left hydronephrosis (straight arrow) and extending posteriorly
through the perirectal fascia into the rectal mucosa (curved arrow) on a
transverse T 2 - weighted spin-echo (TSE 5041/132) i mage. b = bladder
(Courtesy of Dr R.J. Johnson, Christie Hospital.)

Fig. 34.106 Carcinoma of the cervix (t) infiltrating through the bladder
wall (arrow) on a transverse T2-weighted spin-echo (TSE 3500/100) i mage.
b = bladder.

will increase the accuracy in the detection of nodal disease irrespec-
tive of size or anatomical distribution.

The treatment and prognosis of invasive cervical carcinoma is
dependent on tumour volume, extent of disease, histological grade,
depth of invasion and vascular and lymphatic involvement.
Following histological diagnosis accurate staging is important in
order to optimise treatment-demonstration of parametrial
extension often precludes surgery and requires radiotherapy
(Fig. 34.108). Clinical staging is often inaccurate, particularly in
those with more advanced disease-two-thirds of these patients
may be incorrectly staged. Imprecision in clinical staging is due to

errors in assessment of size of endophytic tumours, uterine body
extension, infiltration of parametria and pelvic side-wall and lym-
phadenopathy. X-ray, CT and ultrasound (including transrectal
ultrasound) are used for staging and assessment of tumour volume
but are limited due to poor tissue discrimination and difficulty in

delineating adjacent organ involvement. MRI has an overall accu-
racy range in staging of approximately 78-92`7, with improved
accuracy in more advanced tumours. The accuracy of MRI for
demonstrating extent of tumour invasion of the pelvic side-wall is
over 90%, with a similar value for detecting bladder and rectal wall

i nvolvement. Good concordance has been achieved with tumour
volume measurements on MRI when compared with data obtained

by histological review. The advantages that MRI has over other
i maging techniques include an improved tissue resolution and dis-
crimination combined with a multiplanar facility, particularly with
the use of phased-array coils, fast acquisition sequences with facil-
ity for fat suppression, and dynamic contrast enhancement methods.
An advantage of dynamic contrast enhancement is in the assess-

ment of neoangiogenesis of the tumour, which has a direct relation-
ship to tumour growth rate and necrosis, but is not routinely used in
staging tumours. T-weighted images remain superior in the evalua-
tion of parametrial spread as the normal parametrium is well vascu-
l arised. The detailed imaging technique is outlined in the Royal
College of Radiologists' booklet ` A  Guide to the Practical Use of

MRI in Oncology'.
MRI is indicated in patients with tumours greater than 2 cm diam-

eter on clinical examination, when the tumour is primarily in the
endocervical canal, or if it is of an infiltrative type. MRI can be of
particular value in assessing pregnant patients with invasive cervical
carcinoma and in detecting concomitant uterine disease, e.g. Iciomy-



Fig. 34.107 Extensive recurrent cervical carcinoma (t) following a hysterectomy on (A) selected transverse T 2 -weighted spin-echo (TSE 3500/100)
i mages, and (B) coronal T 2- weighted spin-echo (TSE 3500/100) fat-suppressed image. There is a large tumour recurrence infiltrating through the lower
two-thirds of the vagina into the pelvic floor and in the bladder wall (open arrow), with separate tumour nodules in the right ischial rectal fossa (straight
arrow) and left parametrium. There is bilateral inguinal lymphadenopathy (small arrows). Note the mass of higher signal than tumour in the left adnexa
from the native ovary. b = bladder.

Fig. 34.108 Carcinoma of the cervix (straight arrows) on sagittal T 2- weighted spin echo (SE 1500/80) (A) before treatment, (B) 6 weeks, and (C) 6
months after radiotherapy. Note the rapid reduction in size of the tumour between (A) and (B). The small area of high signal in the cervix in (C) is due to
either residual tumour or post-treatment change. Note the low-signal area in the uterus due to a non-degenerating leiomyoma (curved arrow), and the
high mucosal signal in the posterior wall of the bladder (b) from radiotherapy change in (B) and (C).

omas (Fig. 34.108). MRI can be used in the diagnosis of recurrent i mages, making distinction difficult. Six to 12 months post-radio-
disease and in aiding the distinction of tumour from post-treatment therapy the radiation fibrosis becomes lower in signal. The use of
change (Fig. 34.109). Tumour recurrence i s indicated by the presence dynamic contrast enhancement with integration of signal inten-
of a soft-tissue mass which, on T,-weighted images, exhibits a high sity-time curves may allow separation of post-treatment fibrosis
signal compared with muscle and fat. Improved conspicuity of from recurrent tumour-the tumour neoangiogencsis allows a more
disease can be achieved using fat-suppressed sequences. Although rapid contrast uptake than in radiation fibrosis.
longstanding post-treatment fibrosis can be of low signal on all pulse Significant overlap in measured T, values has been demonstrated
sequences, signal appearances otherwise may overlap with those between normal cervical tissue and tumour, although a reduction in
obtained from tumour. Less than 6 months after radiotherapy both tumour T, has been noted in cervical carcinomas following radio-
recurrent tumour and fibrosis exhibit hyperintensity on T, -weighted therapy.



Fig. 34.110 Stage IC endometrial carcinoma (e) on a sagittal T 2

-weighted spin-echo (TSE3500/100) image. b = bladder.

Fig. 34.111 Endometrial carcinoma (e) on a sagittal T2 -weighted spin-
echo (TSE 3500/100) i mage with associated lymph node involvement
(demonstrated on other sections) making this a stage I I I C tumour. b =
bladder.

Fig. 34.109 Extensive radiation change involving the bladder, vagina,
rectum and bowel loops on (A) sagittal T2 - weighted (SE 1 500/80) and (B)
transverse T,-weighted (SE 800/40) i mages. In (A) the bladder (b) has a
thickened wall with a high-signal-intensity mucosa around the posterior
wall, The uterus (u) is enlarged and the vagina (arrows), rectosigmoid (r),
and adjacent small bowel loops (I) show thickened walls with high signal.
No evidence of recurrence of cervical carcinoma, which was confirmed on
histological review. The high signal from the sacrum and L5 vertebra is due
to radiation-induced fatty infiltration of the marrow spaces. The area of
signal void within the vagina in (A) i s due to a tampon in situ.

Endometrial carcinoma is a common gynaecological malignancy,
being the most prevalent invasive malignancy of the female genital
tract in the USA. In 1998, 36 100 new cases of endometrial carci-
noma were diagnosed, with approximately a sixth of patients dying
from their disease. There has been a threefold increase in the inci-
dence of endometrial carcinoma over the last 30 years, with a
strong link to long-term oestrogen exposure without opposed prog-
esterone. Risk factors include obesity, diabetes mellitus, hyperten-
sion, multiparity, late-onset menopause, polycystic ovaries, and the
long-term use of tamoxifen for the treatment of breast cancer. In
the UK this tumour is second in prevalence to ovarian malignancy.

Endometrial carcinoma may be localised or diffuse and mainly
occurs in postmenopausal women. Over 90% present with post-
menopausal bleeding. Approximately 90%% of tumours are well dif-
ferentiated adenocarcinomas arising within the uterine epithelium.
Localised tumours are polypoidal with a superficial attachment to
the endometrium, whereas diffuse l esions infiltrate the entire
endometrium and invade the myometrium, spreading beyond the
uterus and cervix to involve adjacent organs. The depth of infiltra-
tion of the myometrium relates to the presence of nodal metastases.
Only a few per cent of patients have nodal involvement with
superficial invasion, increasing to approximately 40 1Z( for deep
myometrial infiltration.

The detailed imaging technique is outlined in the Royal College
of Radiologists' booklet A Guide to the Practical Use of MRI in
Oncology. On MRI endometrial carcinoma shows a signal intensity
appearance similar to normal endometrium, which can cause
difficulty in defining small lesions. Large lesions expand the
endometrial cavity (Figs 34.110, 34.111 ) and can have a low signal
on T-weighted images. Widening or signal heterogeneity on T,-
weighted images within the endometrial canal may be the only
abnormal finding in early-stage disease (Fig. 34.116). Blood clot,
adenomatous hyperplasia and degenerating submucosal leiomyoma
can produce similar changes, making histological review essential.
The most reliable criterion for the diagnosis of myometrial invasion
is disruption of the junctional zone. Difficulty can occur in this
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The vast majority of small ovarian cysts visualised on MRI are
ovarimc,lillicles i n various stages of development. In women of repro-
ductive years a cyst > 1 cm is usually a corpus hrtecun cyrst, but on
occasions will he a follicular cyst. These simple ovarian cysts are thin-
walled and tend to have a low-intermediate signal on T,-weighted
i mages and a high signal on T,-weighted scans (Fig. 34.1 12). Simple
ovarian cysts are not uncommon in post menopausal women.

The ovaries lie in the adnexa lateral to the uterus, maintaining a
constant relationship with the pelvic ureter. The ureter courses pos-
terior or lateral to the ovary, this relationship remaining constant
irrespective of the position of an ovarian mass in the pelvis. Thus an
ovarian mass will displace the ureter posteriorly or laterally

Box 34.2 FIGO/TNM staging for uterine corpus

FIGO TNM

IA Tumour confined to endometrium TI a
I B I nvasion < half depth of myometrium Tl b
I C I nvasion > half depth of myometrium TI c
IIA Extension to cervix, endocervical glands only T2a
II B I nvasion of cervical stroma T2b
III A I nvasion of uterine serosa/adnexae/+ve peritoneal cytology T3a
IIIB Vaginal involvement (direct spread or metastasis) T3b

a III C Pelvic and/or para-aortic lymph node metastases N1

IVA Invasion of bladder/bowel T4

IVB Distant metastases, including extrapelvic nodal disease M1

Fig. 34.113 Multiloculated thin-walled haemorrhagic benign ovarian
cysts (c) showing fluid-fluid levels on a transverse T 2 - weighted spin-echo
(SE 2000/120) image. There is a coincidental uterine leiomyoma (I).

assessment as the junctional zone may not he visible in some post-
menopausal women. Following intravenous gadolinium-chclate the
endometrial carcinoma enhances, increasing the contrast difference
between tumour and normal endometrium and improving the con-
spicuity of smaller lesions. In addition, viable tumour can be differ-
entiated from non-enhancing necrosis and blood clot. Dynamic
contrast enhancement with integration of signal intensity-time
curves allows separation of viable from necrotic tumour.

Staging of endomctnal carcinoma is important in defining appropri-
ate treatment, which is primarily surgical with or without pelvic radio-
therapy (Box 34.2). Clinical staging is inaccurate: one-fifth of patients
are understaged. As with the other imaging techniques, MRI cannot
provide a histological diagnosis and is not indicated unless a positive
histology has been obtained. The overall reported accuracy for MRI in
staging is 85-92/( ; it has particular advantage in defining the depth of
myometrial invasion and in demonstrating extrauterine extension.
MRI is indicated in those patients in whom physical examination is
difficult and there is a clinical suspicion of advanced disease, those
who are unsuitable for surgical staging, or if the tumour is of high
grade.

Fig. 34.112 Bilateral cystic ovaries (o) in a 25-year-old on a coronal fat-
saturation T2 -weighted spin-echo (TSE 3500/100) image showing a low-
signal haemorrhagic right ovarian cyst (large arrow-probably a corpus
l uteum cyst) with some surrounding free intraperitoneal fluid (small

The normal-sized ovaries are best demonstrated on transverse or
arrows). r - rectum; u - uterus.

coronal scans, and can he identified in 96% of women of reproductive
age. They measure 1.5-3 cm in diameter and have a variable signal on
T I - and T,-weighted images. The premenopausal ovary shows a
low-intermediate signal, similar to muscle, on T,-weighted images.
This appearance is altered if there is haemorrhage present. On T -
weighted scans the ovary is usually of low signal, but it can be of high
signal in some individuals. The cause of this high signal is unknown
but is probably due to a looser vascular and connective tissue in the
medulla of the ovary. A low-signal rim, in keeping with fibrous corti-
cal tissue, can be observed on the T,-weighted images. On high-reso-

l ution T,-weighted imaging, numerous small peripheral cysts
(follicles) are seen (Fig. 34.112), with a more intermediate-high
signal from the central stroma of the ovary. This appearance must be
distinguished from that of polycystic ovarian disease. The post-

menopausal ovary demonstrates a low signal on T,-weighted images,
with few if any peripheral follicular cysts. On T,-weighted images,
difficulty can occur in identifying the ovaries separate from adjacent
bowel and uterus. The use of bowel -specifie oral contrast agents can
he of help in this regard. After intravenous gadolinium-chclate the
normal ovaries enhance, allowing improved detection of non-enhanc-
i ng follicular cysts.



Fig. 34.115 Dermoid cyst (arrows) showing a unilocular mass with a
nodule within high-signal fat on (A) coronal T 1 - weighted spin-echo (TSE
700/12) i mage and (B) sagittal T2 - weighted spin-echo (TSE 3500/100)
i mage. A fat-suppressed sequence (not shown) was also performed to
confirm the fat contents of the cyst. b = bladder.

Fig. 34.114 Large left adnexal mass (d) due to an ovarian dermoid dis-
Dermoid

placing the uterus which contains a coincident subserosal leiomyoma (I) on
cysts ( mature cystic teratomas) These occur most com-

placing corona) T,-weighted (SE 720/25) and (B) transverse T2 - weighted spin- monly during the reproductive years, and account for 20% of all

echo (TSE 2000/80) images. The dermoid cyst has solid and cystic compo- ovarian tumours. Approximately 12% are bilateral, with malig-
nents with some areas of intermediate-high signal noted in (A). nant degeneration in less than 2 14. Typically they present as a

unilocular cystic mass, with a few showing septa within the cystic

(Fig .34.117B), in contradistinction to pelvic lymphadenopathy
component. The majority at presentation are 5-15 cm in diameter

which lies on the pelvic side-wall lateral to the ureter.
and are usually diagnosed on ultrasound. When confirmation or
additional information is required, CT or MRI can be helpful

Benign ovarian cysts These tend to be small (<3-4 cm diameter) (Fig. 34.1 14). Almost all dermoid cysts contain lipid material,
and well marginated with fluid contents and thin walls (<3 mm in either sebaceous or adipose tissue, which demonstrates a similar
thickness). They appear as low- and high-signal lesions on T,- and signal to subcutaneous fat (Figs 34.1 15). Hair, teeth, a mural
T,-weighted images, respectively. In the presence of haemorrhage, nodule (Rokitansky's protuberance) or any combination can be
which shortens the T, leading to a high signal on T,-weighted demonstrated. Dermoid cysts and haemorrhagic adnexal masses
images, the cysts can appear similar to some endometriomas or show a similar MRI appearance, with a high signal on T,-
ovarian teratomas (Figs 34.112, 34.1 13). weighted images and a variable signal on T,-weighted scans. A
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Fig. 34.116 Complex large left adnexal mass with solid and cystic com-
ponents (arrows) compressing and displacing the uterus on transverse T2_
weighted spin-echo (TSE 5136/132) image. Note that there is distension of
the endometrial cavity with intermediate to high signal due to a coexisting
endometrial tumour (e). Endometrioid carcinoma of the ovary is associated
i n approximately a third of cases with endometrioid carcinoma of the
uterus. (Courtesy of Dr R. J. Johnson, Christie Hospital.)

frequency-selective fat-suppressed sequence is useful in differen-

tiating a haemorrhagic lesion from a dermoid cyst.

Cystadenoma and cystadenocarcinoma These can be difficult

to distinguish unless lymphadenopathy, ascites or metastases are

evident. The signal intensity appearance is dependent on the
Fig. 34.117 (A) Mutinous cystadenocarcinoma of the ovary producing a
large mass, with mixed contents, filling the pelvis on a transverse T2 weighted

amount of solid and cystic tissue present (Figs 34.116, 34.1 17A). (FSE 3000/100) image. The area of signal void within the tumour is due to
MRI is useful in defining and separating a uterine from an ovarian either blood products or mucin. (Courtesy of Dr J. M. Hawnaur, Department
mass when ultrasound is equivocal. of Diagnostic Radiology, University of Manchester.) (B) Large right ovarian

X-ray CT is more accurate than MRI i n staging ovarian cane,_
inflammatory mass, proven actinomycosis (t) producing an obstructive uropa-
thy with dilatation of the right ureter (u) on a transverse T2 -weighted spin-

noma, being more sensitive in the detection of mesenteric and
echo (TSE 3500/100) image. Note the position of the ureter to the adnexal

serosal metastases. The ovary does not have a true capsule and is mass, and the normal left ovary (o).

only covered by a visceral peritoneum. This is the reason why

ovarian carcinoma is frequently metastatic by the time of presenta-

tion. The most common site for metastases (90% of cases) is the

peritoneum. Metastases to the ovaries (Krukenberg's tumours) show

a similar signal intensity appearance to primary ovarian tumours.

Fallopian tubes The fallopian tubes are not seen routinely but

may be visualised as low-signal structures within the high-signal

fat. The use of high-resolution MRI may assist in their identi-

fication, together with the low-signal round and uterosacral liga-

ments. Following pelvic inflammatory disease scarring occurs

within the fallopian tube, producing retention of fluid and leading

to cystic dilatation, termed a ht'drosa/pin.v. While readily

identified on ultrasound, the serpentine paratuhal cystic col-

lection adjacent to the ovary can also be demonstrated on

MRI (Fig. 34.93B). Pelvic inflammatory disease is an all-

encompassing term describing all pelvic infections. Non-

specific changes are demonstrated on MRI, and ultrasound is

the preferred imaging method. MRI can be useful in some cases

(Fig. 34.11713).
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• Transverse defect-normal development of a limb to a particular
level, beyond which no skeletal elements are present, although
there may be digital buds

• Macrodactyly-enl -enlargement of a digit
• Polvdactyly-increased number of digits: may be pre- or post-

axial
• Syrnphalangism-fusion of phalanges in one digit
• Syndactyly fusion of adjacent digits. May involve soft tissues

and/or bone.
(After Poznanski 1984)

The lesions may be grouped into:

I. Failure of differentiation, e.g. syndactyly
2. Failure of development, which may he transverse or

l ongitudinal
3. Duplications
4. Overgrowth as in neurofibromatosis
5. Generalised dysplasias
6. Congenital (Strectcr's) hands.

Some lesions are solitary and of no significance, for example isolated
clinodactyly, while others occur in combination so that clinodactyly is
also seen as part of major syndromes, for example trisomy 21. Radial
defects especially are associated with other anomalies, for example
with atria] septal defects in the Holt-Oram syndrome. Some defects
are attributable to drugs, such as thalidomide (Distaval) administered
to the mother in the first 3 months of pregnancy. This may cause
damage to the growing nerves and it may be that the sensory nerve is
the tissue organiser (McCredic 1975). Epanutin, used in the treatment
of maternal epilepsy, may cause hypoplasia of distal phalanges in
utero. Many lesions are genetically inherited so that a harmless con-

genital broad thumb may be seen in different generations of the same
family. Other defects may represent sporadic mutations of the gene.

1107

Very many congenital skeletal anomalies have been described. Some
minor abnormalities arc only discovered coincidentally or are never
noticed. In many of these the skeleton is affected and often is the only
system implicated. Many infective orthopaedic conditions acquired in
childhood have been wholly or partially eradicated. Congenital abnor-
malities arc therefore assuming increasing importance and present
tremendous challenges to orthopaedic surgeons. However, only those
of great importance to the radiologist will be dealt with in this section.
Suggestions for further reading are given at the end of the chapter.

UPPER LI MB

Many congenital anomalies exist. A short glossary of descriptive
terns in common use is presented here, but many are no longer
used. Total or partial limb deficiencies are now described either as
longitudinal or transverse (see below) (Day 1991).

Aducty/v-absence of fingers
Amelia absence of limbs

Brachydactyly-short phalanges
Brachyrnesophalangy short middle phalanges
Clinodachdy i ncurving of a finger, usually the fifth, in the
coronal plane
HtPer- or hypophalangism-the presence of a greater or lesser
number of phalanges
Longitudinal defect-absence of part of a limb along its
l ongitudinal axis; this may be pre-axial (radial), post-axial
( ulnar) or central



Fig. 35.2 (A,B) Madelung's deformity-defective development of the
i nner third of the radial epiphysis, increase in interosseous space, backward
projection of the ulna and anterior displacement of the hand.

Fig. 35.1 The scapula is elevated and a large omovertebral bone is
shown.

Radial defects are much more common than ulnar and may occur in
i solation or as part of major syndromes, in which case they are
usually bilateral.

Radial defects may occur with:

• Ectodermal dysplasia
• Holt-Oram syndrome
• Fanconi's syndrome
• Throtnbocytopenia-absent radius syndrome
• Trisomy 18
• Thalidomnide embryopathy
• Renal, ear and oesophageal anomalies.

Very many congenital abnormalities (and normal variants) may be
found in the hands and feet. Specialist monographs should be con-
sulted (see `References and suggestions for further reading').

Carpal fusions may occur in isolation or as part of a syndrome. In
i solation they are usually transverse, for example lunate-triquetrurn
and capitale-hamate, and are much commoner in black-skinned

The defect may range from hypoplasia of the thumb to complete
absence of radius, scaphoid, trapezium and thumb. The limb is
shortened and a radial club hand results, with the hand deviated to
the side of the absent hone.

This deformity consists of an abnormally high scapula. The deform-
i ty is due to failure of the shoulder girdle to descend from its
embryonic position in the neck, a process which is normally com-
pleted by the end of the third fetal month. The lesion is usually
unilateral, though it may he bilateral. Other congenital anomalies
are frequently associated.

This defect may be seen at the upper end and is usually associated
Radiographs show the characteristic elevated scapula. The

with dislocation of the radial head. This lesion has marked heredi-
scapula may be normal in shape, hut usually there is some shorten- tary tendencies.
i ng of its vertebral border with the result that its shape approaches
that of an equilateral triangle. Rotation of the scapula may often be
observed: generally the inferior angle rotates toward the spine,
though rotation in the opposite direction may occur.

From the upper part of the vertebral border or from the superior
angle, an accessory hone the omovertebral or suprascapular hone-
may be found uniting this part of the scapula to the spine (Fig. 35.1).
This structure may he represented only by fibrous tissue or cartilage
and, if bony, may vary greatly in size and radiopacity.

Other anomalies which frequently coexist include cervical spine
bifida, the Klippel-Feil anomaly, cervical ribs and oilier rib lesions,
scoliosis and hemivertebrae.

No difficulties in diagnosis should arise. In old paralytic lesions,
the scapula may be raised. If not evident from the history, the
correct diagnosis should be suspected by noting the hypoplasia of
bone typical of a paralytic lesion.

This lesion is much commoner in girls and it is generally bilateral.

It usually presents during adolescence. The cardinal abnormality is
defective development of the inner third of the epiphysis of the
l ower end of the radius. As a consequence the radial shaft is bowed,
so increasing the interosseous space. The lower end of the ulna is
subluxed backward. The hand and carpus project forward at the
wrist joint to produce a bayonet-like appearance in a lateral view
( Fig. 35.2).

The lesion may be part of the Leri-Weill syndrome (dyschondro-
steosis see below) and Turner's syndrome. Similar appearances may
follow trauma or infection to the growing epiphyseal plate
( Fig. 35.3).
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Polydactyly may be associated with Ellis-ram Creveld syndrome
(chondroectodermal dysplasia) (Fig. 35.4), Laurence-Moon-Biedl
syndrome (polysyndactyly, mental defect, obesity and retinitis pig-
mentosa), trison>.v /3 and asphyxiating thoracic dysplasia-all
postaxial-and with Holt-O ram syndrome and Fanconi's anaemia

(preaxial).

Syndactyly Occurs in Apert's syndrome, Fanconi's anaemia,
Laurence-Moon-Biedl syndrome, trisomy 13 and trisomy /8. ( For a

fuller list consult specialist texts; see 'References and suggestions
for further reading'.)

This is a very important condition because success in its treatment
depends upon early recognition. The incidence of hip instability at
birth is 5-10/1000, and of frank dislocation 1-1.5/1000. One-third
of cases of congenital dislocation of the hip are detected late, but
these often have a family history of the disease.

Instability and dislocation is usually unilateral (L : R = I I : I )

but both hips may be involved (unilateral : bilateral = 11:4). Females
are more commonly affected (F : M = 5 : I). Sixty per cent of
affected children are first horn. These children are far more likely to
have been breech presentations (breech : vertex = 6 : I ), possibly
because the abnormal lie does not permit reduction in utero.
Children born by caesarean section are thus also more likely to
have associated instability and dislocation. A family or twin history
is also common; a subsequent child has a 6% risk of involvement.

Congenital dislocation of the hip is more commonly found in the
winter (winter : summer = 1.5 : I ), possibly because of tight swad-
dling of children in a position of dislocation in winter.

Absolute indications
If any one of these is present, the hips should he examined by
imaging:

I. Family history of congenital dislocation of hip
2. Neonatal hip instability
3. Limb shortening
4. Limitation of hip abduction in flexion.

Relative indications
If any two of these are present, the hips should be examined by
i maging:

I. Breech presentation
2. First-born child
3. Caesarean section
4. Other congenital abnormalities
5. Excessive fetal moulding.

I maging
Ultrasound (Ruth Green) Ultrasound is now the accepted method
of primary investigation of suspected developmental dysplasia of

Ilg, 35.4 Chondroectodermal dysplasia (Ellis-van Creveld syndrome).
Polysyndactyly is demonstrated. In addition, the phalanges are abnormal in
morphology.

Polydactyly is more common in black-skinned people. It may he

postaxial (ulnar) and may range from a minor ossicle to complete
duplication of the little linger. Preaxial l esions (radial) range from
minor partial duplication of the thumb distal phalanx to complete
thumb duplication. On occasion the hand may be duplicated.

Syndactyly may be associated with polydactyly.

people. In syndromes they are usually proximodistal and occur in
Apert'ssyndrome, dvschondrosteosis, chondroectodermal dyspla-
sia, Holt-O rain syndrome and Turner's syndrome. Similar appear-
ances may follow trauma, infection and rheumatoid disease.

F1g.35.3 Trauma to the distal radius has resulted in partial fusion of the
epiphyseal plate and partial growth arrest. Avulsion of the ulnar styloidI occurred at the same time.



Fig. 35.5 (A) Coronal scan of a 3-month-old baby's hip. The ilium (II) is parallel to the transducer. The femoral head (F) is round and of speckled low
echogenicity with a central bright echogenic ossific centre. The bony acetabulum (Ac), cartilaginous labrum (Lb), triradiate cartilage (tr) and ischium (Is)
should be seen if in the correct plane (gluteal muscle = GI). (B) Coronal scan of developmental dysplasia of the hip. Note the shallow acetabulum (Ac) and
displacement of the femoral head (F) (double-headed arrow). (C) Coronal scan of normal hip showing Graf angles (a = bony acetabular roof angle and
/3 = the cartilaginous acetabular roof angle).

the hip. The image is obtained with the child on his/ her side with measurement of the cartilaginous development (Fig. 35.5C). A
the hip slightly flexed, the transducer is parallel to the ilium and simplified Graf classification is demonstrated in Table 35.1.
the image obtained is in the coronal plane (Fig. 35.5A). The mea-
surement of Graf angles may be made in the assessment of hip Plain film radiology The advent of neonatal hip ultrasound.
dysplasia to determine the degree of dysplasia (Fig. 35.58) and especially if it can be carried out as a screening test and again at
plan management (Graf I984a, b). The baseline is drawn as a 3 months, has limited the use of conventional radiology. The indi-
straight-line extension from the ilium, a line drawn from the trira- cations for conventional radiographs given below (taken from
date cartilage to the point where the bony acetabulum meets the Catterall's work (personal communication, 1990)) of course apply
baseline represents the alpha angle. The line drawn from the lateral also to ultrasound.
aspect of labrum to the baseline where the lateral bony margin of At birth, neither femoral head is ossified but, occasionally, a
the acetabulum meets the baseline represents the beta angle, a notch above the acetabulum may be present (Fig. 35.6) and even in

Table 35.1 Simplified Graf classification

Type Description Alpha angle Beta angle Comment Treatment

I Good cartilaginous and >>-60 <- 55 Normal None
osseous roofing of femoral
head. Normal contact and
centring of femoral head

Ila Sufficient roofing of femoral 50-60 55-77 < 3 months physiologically Observe until mature
head but poor osseous roof. i mmature
No ossification of femoral
epiphysis

Il b Sufficient roofing of femoral 50-60 55-77 > 3 months delayed maturity Follow-up and consider
head but poor osseous roof. (abduction) orthosis
No ossification of femoral
epiphysis

Illa Cartilagenous roof pushed <<-43 >77 Cartilage normal echogenicity Reduce
upward. Femoral head
pushed cranially subluxing.
No structural change of
cartilage

I l l b Progression of cartilagenous <<-43 >>-77 Cartilage increased echogenicity Reduce
roof pushed upward. Femoral
head subluxing. Structural
change of cartilage

IV Acetabulum empty and femoral Not Not Very shallow Reduce
head lying in soft tissues measurable measurable Possible open reduction
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i nferred as lying superior to the epiphyseal plate. This in turn lies at

right angles and proximal to the femoral neck (Fig. 35.6).

Seen later, from the age of 6 months onward, the radiological

diagnosis is usually easy (Fig. 35.7). The femoral head will be dis-

placed upward and outward and delayed ossification of its epiphysis

will be observed. The acetabulum will be shallower than that of the

normal hip and its roof will not be set horizontally but will slope

upward and outward. Use of the many lines and coordinates

described in this condition is not necessary, provided heed is paid to

the possibility of a bilateral dislocation.

During management the radiologist will be asked to decide

whether reduction has been attained or maintained. This decision

may he very difficult to make on radiographs taken through plaster,

but ultrasound may give the answer.

Arthrography of the infant hip Arthrography is of particular

service in deciding whether complete reduction of a dislocation

has been achieved. There are times when it is not possible

to obtain this information from examination of plain films-

especially when the femoral ossific nucleus appears to he set

eccentrically on the femoral neck. Reduction may be impossible

Fig. 35.6 A s mall defect with marginal sclerosis is seen above the acetabu-
lum (arrow) in a neonate who later was shown to have a congenitally dis-
located femoral head. * Marks the site of the projected femoral head.

the absence of the femoral head, congenital dislocation of the hip

can then he diagnosed.

Retarded ossification of the femoral ossific nucleus is a tradi-

tional sign of congenital dislocation of the hip. In some early cases,

however, the femoral ossific nucleus may appear to be larger on the

dislocated than on the normal side. Some incongruous findings are

probably explicable by the lesion being bilateral.

Sometimes poor development of the acetahulum is obvious in

cases of congenital dislocation of the hip. In our experience the

acetahular angle is increased in congenital dislocations even in the

neonatal period. The acelabular angle i s the angle subtended by a

line drawn through the centres of both Y-cartilages (Hilgenreiner's

line) and a line parallel to the acetabular roof.

The eventual position of the femoral head and its relationship to

the acetahulum can often be inferred from a film of the hips in the

neutral position. The site of the non-ossified epiphysis may be

Fig. 35.7 (A) Bilateral congenital dislocation of the hip. The initial radiograph demonstrates lateral subluxation of both femoral heads with dysplastic
acetabula. The ossifying nucleus can be seen developing at the midpoint of the growth plate. Its eventual position could be predicted from the original
plain film. (B) End-stage undiagnosed bilateral CDH. The femoral heads have molded in their new situation and articulate with the iliac blades.

Fig. 35.8 (A) Arthrogram of the left hip shows filling defect caused by
i nverted limbus (arrow). (B) Appearances following limbectomy. (Courtesy
of Mr A. C. Clark.)



Fig. 35.10 Hip arthrogram in a child. The acetabulum is dysplastic. The ossific nucleus is seen within the largely cartilaginous head. (A) In abduction the
femoral head is congruous with the acetabular cartilage. (B) In the neutral position the femoral head is incongruous, with pooling of contrast agent medially.

to obtain or the hip may be unstable. In such cases arthrography The plain radiograph may show a shallow acetabulum and a small,
may be used to study the disposition of soft-tissue structures of or no, ossific nucleus for the proximal femoral epiphysis. The rest
the joint. of the 'lucent' joint space is, of course, taken up by articular carti-

Possible abnormal findings are: lage, and this is demonstrated after contrast medium has been

nucleus lies centrally within the sphericalI. The fibrocartilaginous rim of the acetabulum, called the /imbus'
i

njected. The ossific n cartilage (Fig. 35.9).
may become inverted into the joint and form a barrier to stable
reduction. In an arthrogram of a normal hip a thorn-like The acetabular cartilaginous labrum deepens the acetabulum and

projection marks a small gap between the outer part of the has a triangular, sharply pointed prominence on its superolateral

li mbus and the capsular attachment. When the limbus is
aspect, the limbus. This is covered by synovium and is 'lax. If medially

i nverted, the 'thorn' is lost and the filling defect caused by the displaced into the joint, it prevents normal location of the femoral

'thorn' is seen (Fig. 35.8). head.

2. The ligamentum teres may become so large that it may offer a
The cartilage of the head should fit congruously within that of the

barrier to reduction. A hypertrophic ligrmentum fetes may he acetabulum; contrast medium should be parallel with and evenly
distributed between them, indicating that the joint space is evenvisible on the arthrogram but estimation of its size by this
throughout (Fig. 35.9).means is unreliable.

3. The psoas tendon may become contracted and a notch for the
Hip arthrography in children should be performed under fluoro-

tendon is seen inferiorlyy scopic control and, if possible, videotape recordings should be
made during manipulation of the hip, as well as taking static films.

Fig. 35.9 (A) Arthrogram of the hip
showing 'rose thorn' appearance of the
normal limbus (arrow). The 'rose thorn' is
l arger than usual. (B) Diagrammatic repre-
sentation of the normal hip arthrograrn
(see text).
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The head should be contained at all times within the congruous
acetabulum and its movement not restricted.

With partial dislocation, or subluxation, movement is excessive
and the lateral aspect of the head is uncovered. The limbus and

`rose thorn' are elevated and laterally displaced. Contrast medium
pools medially with distention of the medial joint space. Manipula-
tion of the hip under screen control in congenital dislocation of the
hip shows the positions in which the femoral head and acetabular
fossa are congruous (Fig. 35. I OA) and incongruous (Fig. 35.1 OB).
This information aids the surgeon in planning the operation
required to facilitate joint development.

With total dislocation, the cartilaginous femoral head is totally
uncovered; the limbus is medially and posteriorly displaced and may
prevent reduction. Contrast medium again pools medially. Lateral
subluxation of the head and medial displacement of the limbus
narrows the capsule, giving a so-called 'hour-glass' constriction.

The primary cause of unstable reduction of a dislocated femoral
head has long been debated. Excessive anteversion of the femoral
neck is often seen and the condition often necessitates a de-rotation
osteotomy for reduction to be maintained. The femoral neck of a
normal baby is usually anteverted to 3.5°; this diminishes to 15° in the
adult. In congenital dislocation, the femoral neck may be anteverted to
70-80°. CT is useful for measuring the degree of anteversion.

In neglected dislocations, the misplaced femoral head may
produce a depression on the side of the ilium above the acetabulum,
constituting a false acetabulum (Fig. 35.7B). This may vary in size
from a shallow depression to a deep socket. The original acetabular
socket becomes progressively more shallow.

Osteochondritis may complicate a congenital dislocation of the
hip, particularly after vigorous methods of reduction or surgery. Not
all cases of osteochondritis are attributable to the complications of
treatment, for there does appear to be a true association between
congenital dislocation and Perthes' disease of the hip.

Two types of idiopathic coxa vara arc recognised:

I . A congenital form, generally present at birth, sometimes
associated with other congenital lesions

2. An infantile form, not present at birth, recognised around the
age of 4 years and often bilateral (33%).

Coxa vara is included as part of the PFFD spectrum if the varus
is associated with congenital femoral shortening present at birth,

i.e. Group l above. If PFFD is severe, coxa vara cannot arise at all,

even in congenital cases.
The mean angle of the neck of the shaft at I year of age is 148°,

decreasing to 135° at 5 years, and 120° in the elderly. Coxa vara is
present when the angle is less than normal, but certainly if below

1 1 0°.

Radiographic findings

The lesion is usually bilateral, though it may be unilateral. Coxa
vara will usually be obvious. The femoral head will be situated low

in the acetabulum and its outline may appear woolly. Secondary
deformity of the acetabulum may result. A triangular fragment of
bone may be seen at the lower part of the femoral neck. This wedge
of bone, commoner in the infantile cases, is hounded by clear bands
forming an inverted V (Fig. 35.12). The medial or inner band is the
epiphyseal line. The outer one is, of course, abnormal. Some
writers have regarded it as an area of osteochondritis, others as a
stress fracture. In later cases the greater trochanter will be found to
curve like a beak and it may articulate with the ilium. Not all these

features are necessarily present in every case.

Torode & Gillespie (1991) classify PFFD into two groups. In Group
I the patients have a congenitally short femur, coxa vara and a

hypoplastic knee. The foot is (presumably) normal. In Group II the
femur is very short and the head and neck may be absent. There
may be a variable fibular deficiency, with a short fibula and valgus
deformity at the ankle or, in severely affected cases, a deficient foot
with absent rays. Deficiency of bony elements may only become
obvious during skeletal maturation.

PFFD consists of failure of normal development of a lesser or
greater part of the proximal femur. Some distal femur, by definition,
i s always present, thus distinguishing it from femoral agenesis.

I n some cases which appear to have PFFD with no proximal femur
in which to have coxa vara, arthrography of the hip may reveal a
cartilaginous neck and head with varus deformity, as will ultrasound.

Radiographic findings ( Fig. 35.11)
A short femur, which is laterally situated and proximally displaced, is
demonstrated at birth. The distal femur is by definition present to a
greater or lesser extent. A spectrum of proximal deficiencies exists.
The radiological appearances of children with congenital femoral
abnormality is a continuum from a minor defect to the most severe
form with almost complete, or complete, absence of the femur.

Fig. 35.11 Proximal
focal femoral deficiency.
Only a hypoplastic portion
of the distal right femur is
apparent.
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Fig. 35.12 Congenital coxa vara-extreme coxa vara with some slip of
the epiphysis. A triangular fragment of bone is well shown.

Acquired coxa vara may be found in conditions where hone is
softened, for example in rickets, fibrous dvsplasia, osteogeoesis
impefecta and cleidocranial dysplasia, as well as in Perthes'
disease and following slipped epiphysis.

Fig. 35.13 Neurofibromatosis. Pseudarthroses are seen bilaterally. The
fi bulae are thin and bowed. Bony struts have been inserted at surgery.

fractures. They may themselves fracture and be a cause of pain, or
may be involved in rheumatoid arthritis, osteochondritis, osteo-
arthritis, infections and hyperparathyroidism. More than 50 have
been described but most of them are rarities. As they become radio-
l ogically visible in adults, the incidence rises to 30%c. The os tibiale

externum is found in some 7%n of feet, the os trigonum i n 5% and
the os peroneum i n 8%, but surveys differ as to their incidence.

Degenerative change, which may be painful, can occur between
the os tibiale externum and the adjacent navicular. An overlying
bursitis arises over the bony prominence.

The os trigonum may be entrapped between the calcaneus and
posterior tibia in ballet dancers and footballers, and this hone
becomes the site of osteochondritis. Change can be seen on plain
films, where the ossicle becomes sclerotic and fragmented. The
bone scan is positive, and change is also seen at MRI (Fig. 35.14).

The os peroneum may fracture.
Two sesamoids are regularly seen at the head of the great toe

metatarsal. Sesamoids may on occasion be seen at all the metatarsal
heads (Fig. 35.15). The medial is bipartite in one-third of cases, the
l ateral in only 5%n of cases. A bipartite sesamoid is larger than its
normal counterpart and corticated all round, while a fractured
sesamoid shows non-corticated fracture parts. Pathology in meta-
t arsal sesamoids can be demonstrated on axial views, and isotope
bone scans will often be abnormal.

Talipes deformity (from the Latin: ta/usankle: pes

foot)

This is defined as a congenital abnormality of the foot, which is
twisted out of shape. Talipes equinovarus accounts for 75% of these
(see below). A number of foot deformities may be described.

The pseudarthrosis of the tibia is seen at the junction of the middle
and lower thirds. Often a similar lesion is found in the fibula.

Radiological examination of early cases nay show a sclerotic or
radiolucent zone in the affected area. This bows, resorbs and frac-
tures and the severed ends of the hone become sclerotic. Still later,
the proximal part becomes cupped and the distal part pointed, so
forming a pseudarthrosis (Fig. 35.13). This uncommon lesion is
notoriously resistant to treatment.

Neurofibromatosis i s usually given as the most frequent cause
of this condition. Other associations are with fibrous dysplasia and
idiopathic,juvenile osteoporosis. Occasionally, a similar lesion has
been found affecting the, forearm bones.

The patella is frequently bipartite and sometimes multipartite. The
upper, outer part is always involved. The anomaly is often bilateral

and well corticated all round, which helps to distinguish it from a
fracture. Not all cases, however, are bilateral.

In the nail patella syndrome the patella may be rudimentary or
hypoplastic and set laterally (Fig. 35.1 B).

The patella may he dislocated due to a variety of congenital
causes, for example hvpoplasia of the lateral femoral condvle,
external rotation of the tibia and malattachment of the iliotibial
tract. The displacement is invariably Outward.

Supernumerary centres of ossification are more common in the foot
t han in the hand. They should be identified to distinguish them from



CONGENITAL SKELETAL ANOMALIES; SKELETAL DYSPLASIAS; CHROMOSOMAL DISORDERS 111 5

Fig. 35.14 Avascular necrosis of the os trigonum. (A) This bone is sclerotic and would be grossly abnormal on a bone scan. (B) MR scan. (C) CT scan.

Radiologically, on the AP view, the heel is in varus and the fore-
foot is also adducted in varus (toward the midline). The talo-
calcaneal angle is narrowed and the talus and calcaneum are
parallel (Fig. 35.16). On the lateral view, the calcaneum is in
equinus. The forefoot is plantarflexed and in cavus. The forefoot is
also adducted.

The condition is nearly always idiopathic but club foot is some-
times associated with other bony abnormalities.

The idiopathic type is of limited interest to the radiologist. The
three cardinal abnormalities are: (i) adduction of the forefoot:
(ii) inversion of the foot; and (iii) plantarflexion of the foot.
Radiologically, medial displacement of the navicular and cuboid in
relation to the heads of the talus and calcaneus will be seen. The

Fig. 35.15 (A) Sesamoids at the metatarsal heads. Apart from the usual
medial and lateral sesamoids at the great toe metatarsal head, sesamoids
are also seen at the second, third, fourth and fifth metatarsal heads.
(B) To show the percentages of foot sesamoid incidence in Bizarre's
(1921) series.

The heel may be in valgus, that is, the calcaneus is directed
posteriorly away from the sagittal midline, or in varus, towards the
midline. The calcaneus may be in equinus, distoplantarilexed, or in
cavus, with an increased calcaneal pitch, or there may be calca-

neus, when its anterior end elevates toward the vertical. There may
bepes planus, with a flattened longitudinal arch. Metatarsus adduc-
tus or abductus may be seen.

Talipes equinovarus (club toot)

This was first described by Hippocrates in 400 BC. It has an inci-
dence of around I : 1000 live births. There is a risk that further chil-
dren may be affected (I : 35). Clinically, the hindfoot is in equinus
and varus, and the forefoot in equinus and varus (Fixen 1991).



The heel is in valgus. The talus is no longer supported by the calca-
neus and is plantarflexed. The calcaneus is flat and the longitudinal
arch is flattened.

In this condition the ankle joint is abnormally shaped and its range
of movement increased. It is usually found when the midtarsal and
subtaloid joints arc rigid, generally caused by tarsal fusions; in such
cases inversion and eversion of the ankle compensate for the loss of
these movements at the midtarsal and subtaloid joints.

Some cases are seen in patients with a short leg in a few no
underlying cause is seen.

Radiographic features are characteristic. The trochlcar surface of
the talus, normally convex anteroposteriorly and concave from side
to side, loses this concavity and approaches the shape of a sphere.
The mortice of the talus becomes correspondingly moulded into a
cup-like cavity to form a ball and socket articulation.

This is a rare cause of congenital flat foot in children. The radio-
graphic appearances are diagnostic. The talus is vertical, its long
axis following that of the tibial shaft. The vertical displacement of
the talus remains constant whether the patient is standing or recum-
bent. The bones of the forefoot and the calcaneus are raised and
produce the typical rocker-bottom foot (Fig. 35.17). When the
navicular becomes ossified its shape will be seen to appear normal
except for a little constriction of its waist. It will be seen obviously
dislocated and lying in contact with the body of the talus. The
l ateral view shows the heel in equinus with gross plantarflexion of
the anterior calcaneus. A rocker-bottom foot results. The talus too is
severely plantarflexed. The navicular articulates with its neck. The
AP view shows gross heel valgus.

calcaneus will rotate medially under the talus. Plantarflexion will be
seen by posterior displacement of the calcaneus.

Ossification of the talus and navicular may be retarded. Usually
secondary hypoplasia of the bones of the tarsus and of the soft
tissue is seen.

Fig. 35.16 Congenital talipes equinovarus (clubfoot).
(A) On the AP view the heel is in varus and the forefoot
also. (B) There is extreme cavus on the lateral view. The
foot bears weight laterally on the fifth metatarsal. (C) The
oblique view of the foot shows the calcaneum in equinus.
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Fig. 35.17 Congenital vertical talus. (A) The anterior view shows calca-
neus valgus and metatarsus valgus. The long axis of the talus is much
medial to the first metatarsal. (B) On the lateral view equinus of the calca-
neus and vertical orientation of the talus are shown. The navicular has not
yet ossified. (C) In this adult patient there is a rocker-bottom foot with
vertical orientation of the talus. The navicular articulates with the anterior
aspect of the talar dome and the neck. There is a flat longitudinal arch.

Painful flat foot (the peroneal spastic flat foot) may be due to fusion
of certain tarsal bones (Fig. 35.18). The lesion may be cartilaginous
or fibrous, in which case the two hones are hypertrophic and closely
approximated but not fused. Flattening of the longitudinal arch of
the foot is seen. Bony union is not directly demonstrable before
adolescence but appears with ossification of the cartilaginous link
between the bones.

The most common form of hindfoot fusion is talocalcaneal,
usually at the middle facet, or sustentaculotalar joint. The fusion is
well seen on an axial or 'ski-jump' view of the foot or on oblique
radiographs. but especially well at CT or MRI (Fig. 35.19). The
i sotope hone scan is also abnormal away from the fused area, due to
stress changes around unfusedjoints.

The less common calcaneonavicular fusion is best seen on a
conventional oblique radiograph of the foot (Fig. 35.18). Coalition
has been described between all the hones of the hind foot.
Restriction of movement at the subtalar joint causes abnormal
movement of the hind foot, with lipping at the calcaneonavicular
joint, seen together with longitudinal arch flattening and oblitera-
tion of subtalar joints on the lateral view of the foot.

Spinal anomalies range from gross defects, incompatible with life,
to minor anomalies which are no more than anatomical variants.
Some of these may he mistaken for fractures, for example the
unfused accessory ossification centres at the tips of inferior articular
facets or those related to the anterosuperior part of the margins of
vertebral bodies. Fractures are rarely seen at such sites and have
ragged rather than smooth edges.

These are bony processes projecting dorsally from the outer surface
of the wings of the ilium. They may occur alone or he associated
with the syndrome of rudimentary or absent patellae, deformity of
the elbows (hypoplasia of capitellum and radial head) and dystro-
phy of the nails (nail-patella .syndrome-Fong's lesion ( Fig. 35.20).

This anomaly is seen in vertebral bodies of newborn infants and is
due to failure of fusion of two ossification centres. In about half the
cases more than one vertebral body is affected. The abnormality has
been seen on prenatal radiographs-it occurs more frequently in
males.

The cleft is seen on a lateral radiograph as a linear or oval defect
between a small posterior and larger anterior ossification centres.

The anteroposterior diameter of the affected vertebral body is often
i ncreased. The cleft consolidates in a few months. These clefts arc
of no importance except that they are seen in some dysplasias (see

ch(ndrodv.sirophia calcificans con,genita).

In the affected vertebra, the upper and lower surfaces are deeply
concave or V-shaped, so that the vertical dimension of the vertebralFig. 35.18 Calcaneonavicular bar.



Fig. 35.20 Nail-patella syndrome. (A) Iliac horns are seen (arrows). (B) A small laterally placed patella is shown. (C) Hypoplasia of the capitellum is
shown.

Fig. 35.19 (A) Tarsal coalition resulting in a flat foot. The subtalar joints
are no longer clearly visualised. (B) CT scan of tarsal coalition showing
right-sided fusion of the middle facet of the subtalar joint. (C) Axial view in
a different patient showing unilateral coalition of the left middle facet
(arrow). (D) A bone scan shows symmetrically increased uptake away from
bilateral fusions in another case-a stress phenomenon. (E) MR scan
showing obliteration of the subtalar joint.
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Many forms of congenital vertebral fusion may be found. Complete
fusion of the bodies and neural arches may occur, or the fusion may
be limited to parts of the bodies or neural arches. At times it may
not be possible to decide whether a fusion is developmental or
postinflammatory. Fusion of neural arches, however, is almost
always a developmental anomaly. The AP diameter of congenital
block vertebrae may be reduced and an anterior concavity may be
found. These features may also be found in old postinfective
fusions or after juvenile chronic arthritis. A posterior concavity in
addition may indicate a congenital lesion.

Complete vertebral fusions are often called 'block vertebrae'.
They may he of no clinical significance but, frequently. disc degen-
eration develops above or below the fused vertebrae due to altered

Fig. 35.21 Butterfly vertebra. (A) The upper and lower surfaces of
affected vertebra are V-shaped, and contiguous vertebrae are moulded into
the deficient centre. (B) MR image showing the same deformity.

body in the midline is much reduced. In the frontal projection, it is
seen that vertebrae above and below are moulded into the deficient
centres of the affected vertebra (Fig. 35.21).

Epiphyses of the spinous processes, transverse processes and articu-
l ar facets may remain unfused. The abnormality is without impor-

tance except that it may mimic a fracture.

They may cause scoliosis unless an equal number appear on each
side (Fig. 35.22). In the thoracic region, a hemivertebra will bear a
rib. Multiple hemivertcbrae may cause dwarfism.

Fig. 35.23 Klippel-Feil deformity. Short neck with elevated shoulders
and scapulae. Fusion is demonstrated at C2/3 level.

Fig. 35.22 Hemivertebra. (A) On the plain film there is a right-sided hemivertebra causing a significant osteogenic sclerosis concave to the left.
(B) In another patient a thoracic hemivertebra is shown on the left, with an osteogenic scoliosis resulting. Deformity of the adjacent vertebral bodies is
demonstrated. (C) In the same patient, the sagittal T2 - weighted MR sequence shows the hemivertebra to be situated posteriorly and associated with an
acute kyphos.



Fig. 35.25 Cervical rib. The cervical rib originates from a transverse process which points downwards. Thoracic ribs originate from upward-pointing
transverse processes. (A) On the plain radiograph the well-corticated and ossified cervical ribs are shown originating from the C7 transverse processes.
(B) At MR imaging the lesions are less well defined (arrows), but any associated fibrous attachments are seen with this imaging modality.

Fig. 35.26 Localisation of the L5 vertebral body at axial imaging by the
presence of the iliolumbar ligament (arrow). This leads from the transverse
process of L5 to the adjacent iliac blade.

Fig. 35.24 Os odontoideum. The odontoid peg is clearly separate from
the body of C2 but retains a normal relationship with the arch of the atlas.
These lesions usually follow trauma in childhood.

This is a common anomaly. The supplementary rib usually arises
from the seventh cervical vertebra, rarely from the sixth and very
rarely from the fifth.

It is often difficult to give a definite level to a particular vertebral
body in the lumbar region, especially if the lumbosacral region is
transitional. Again, it may he necessary to count all the vertebral
bodies from C I down. It has been said that the transverse processes
of L3 are the lowest (most caudal) which lie transversely, while
those for L4 are inclined upward. The transverse processes at L5
are the largest.

On axial MR images the iliolumbar ligaments link the L5 trans-
verse processes to the iliac blade (Fig. 35.26).

Various permutations occur. Small, or absent, ribs on TI2 may
occur with large transverse processes on L5 which fuse with the
sacrum (sacralisation of L5). This is known as cranial shift. Caudal
shift implies the presence of ribs on LI and lumbarisation of SI.

The odontoid peg may sometimes he completely detached from the
body of the second cervical vertebra, and be situated in the region
of the foramen magnum (Fig. 35.24). Posterior fossa symptoms
may result.

It has been shown that in some cases at least the separate ossicle
results from a fracture in childhood of the base of the odontoid
peg, with subsequent failure to unite. The lesion is thus not always
` congenital'.

The diagnosis is straightforward, though it may he necessary to
count all the ribs in order to distinguish a rudimentary first thoracic
rib from a cervical rib. Cervical ribs arise from cervical transverse
processes. Ribs slope downward from the neural arch in the cervi-
cal spine but upward in the thoracic spine. Cervical ribs vary
greatly in size and shape, and clinical symptoms hear little relation
to the radiographic abnormality. A very small cervical rib clement
may have a fibrous attachment to the first thoracic rib which causes
much disability; this change may he seen at MRI (Fig. 35.25). A
l arge cervical rib may be asymptomatic.

mechanics in the spine. Such lesions are relatively common in the
cervical spine where a more severe anomaly, the Klippel-Feil syn-
drome, may be seen (Fig. 35.23). In this condition, many cervical
vertebrae are fused, the neck is short and its movements limited,
and hair grows low on the neck. Often there is torticollis and
atrophy of facial musculature. Other congenital anomalies, such as
spiny bifida. rib lesions and Sprengel's shoulder, usually coexist.

Vertebral fusions are also found in fib rodvsplasia ossifrcans
progressiva (see p. 1149).



Fig. 35.28 Adolescent idiopathic scoliosis. (A) The initial radiograph
shows a moderate thoracic scoliosis with compensation inferiorly. (B) Four
years later the curves have increased in the coronal plane, as well as the
degree of spinal rotation. This is especially apparent in the lumbar region.

Fig. 35.27 Spina bifida. Central laminar defects are demonstrated
throughout the lumbar spine. There is quite marked separation of the pedi-
des, which are hypoplastic.

Incomplete fusion of neural arches is a common finding. In most
cases only a minor midsagittal defect in the neural arch is seen. The
rather misleading term 'spina bifida occulta' is applied to this con-
dition. There is no true breach in such cases: the radiolucent area
represents merely non-ossified cartilage. In children many of these
areas become ossified as growth progresses.

The facet joints in the lumbar spine may be clearly seen in the AP
projection. They should be symmetrical but vary in their orientation.
At LI the facets have an almost vertical orientation but passing inferi-
orly are reoricntated so that they face upward, inward and backward.

Facets are angled at around 52 in the sagittal midline at L5/S I
but 10' less at L4/5. The lower facets are asymmetrical in around
20-30% of patients. It has been said that the direction of disc
degeneration and protrusion is related to the orientation of the

facet-usually on the side of the more oblique facet.

This term describes a lateral curvature of the spine. Usually, but not
always, there is a primary curve with a compensatory curve above
and below, unless the primary curve is lumbar.

Classification of scoliosis (after Cobb 1948)

1. I diopathic (Fig. 35.28)
2. Osteogenic

a. congenital, e.g. hemivertcbra (Fig. 35.22)
b. skeletal dysplasias, including neurofibromatosis (Fig. 35.29)

True breaches in the neural arch do, of course, occur, and they
may be accompanied by a meningocele protruding posteriorly and
usually in the lumbar region. Occasionally, in the thorax and in the
sacral region, the sac may protrude laterally and anteriorly through
the intervertebral foramina and sacral foramina respectively
( Fig. 35.27). Other vertebral and rib anomalies are very frequent in
the severe forms of spina hifida. The presence of hydrocephalus is a
common feature in marked spina bifida.

Foot deformities, such as pes eavus, may be associated with
spina bifida. Likewise, perforating ulcers causing absorption of
metatarsal heads, neuropathic joints and spontaneous fractures
accompanied by excessive callus may all occur. Metaphvseal frac-
tures are sometimes seen in this condition.

In cases of alimentary reduplications, the possibility of associated
malformations of the spine should be borne in mind. The reduplica-
tions or neurenleric cysts may be associated with severe anterior and
posterior spiny bifida, hemivertebra, absent vertebra or diastemato-
nivelia. In some cases no vertebral deformity is demonstrable.

that is, it cones to bear free-floating transverse processes. A rudi-
mentary disc is then seen between S I and S2.

The sacralised transverse process may form a pseudarthrosis with
the ilium and degenerative sclerosis may appear around the false
joint. This may be a site of low back pain. In addition, the free disc
above the pseudarthrosis shows early degeneration, especially if it
lies high in relation to the iliac crest where it is said to be 'vulnera-
ble' and susceptible to degeneration. Conversely, a low lumbosacral
junctior„ buried deep between the crests, is less likely to degener-
ate. Similarly, a disc at the level beneath a transverse process-iliac
blade fusion is `protected' from early degeneration. The transverse
process at L5 is usually the bulkiest and it may totally or partially
articulate with the sacrum in I5-30%.



Fig. 35.29 Scoliosis i n neurofibromatosis. (A) There is a very acute curve
i n the lumbar spine with marked rotation. (B) Dural ectasia is seen on the
l ateral view.

3. Neuropathic, c.g. polio. syringomyelia, Friedreich's ataxia
4. Hypopathic, e.g. Muscular dystrophy
5. Thoracogenic, e.g. post-pneumonectomy or thoracoplasty.

Fig. 35.30 Measurement of the curve by the method of Cobb.
Perpendiculars are drawn to lines at the uppermost and lowest end-plates
of the curve. The angle at which the perpendiculars meet is the angle of the
curve.

Accurate diagnosis is now of prime importance and not merely
an academic exercise. Genetic counselling is, of course, a well-
established specialty depending on accurate diagnosis. In other
fields, such as the nu~copulvsaccharidnses, new lines of therapy
such as bone marrow transplantation are being evaluated.

This is the most commonly seen form of scoliosis and may be
further subdivided into the following groups:

• I nfantile: age of onset 0-3 years
• Juvenile: age of onset 4-9 years

• Adolescent: age of onset 10 years, to the duration of growth.

I n idiopathic scoliosis no other aetiology can be discerned and the
diagnosis is made by exclusion. The earlier the onset of disease, the
more marked the curve at the tine of spinal skeletal maturity, after
which little further deterioration is to be expected. Spinal skeletal
maturity is reached when the apophysis for the iliac crest turns
down toward and reaches that for the posterior superior iliac spine
and, for this reason, films of the iliac crests are routinely obtained.

Idiopathic curves are associated with spinal rotation.
The curve can he measured by the method of Cobb (1948). The

proximal and distal vertebrae at the margins of the curve do not show
rotation of the spinous processes. Lines are drawn along the respective
upper and lower end-plates at the margins of the curve and perpendic-
ulars are drawn to these two lines (Fig. 35.30). The angles at which
they meet is the angle of the curve. Severe curves are 100 or more,
mild curves less than 69 , and moderate between 70 and 99 .

This is a benign hereditary condition, inherited as an autosonial

dominant, which is recognised during childhood. The disease has
considerable variation of expression. Thirty per cent of cases are
due to spontaneous mutation.

Clavicles There may be total (in 10% of cases) or partial absence of
the clavicle (Fig. 35.3 ]A). The outer end is absent more frequently
t han the inner, but both to an extremely variable extent. Central
defects also occur. The clavicles may also be normal. The scapulae
tend to be small and high, and the glenoid fossae are small.

Thorax The thorax is usually narrow, the ribs are short and
directed obliquely downward. Respiratory distress may occur in
the newborn. The sternum is incompletely ossified. Failure of

fusion of neural arches occurs, with delay in maturation of verte-
bral bodies, which retain an infantile biconvex shape. Super-
numerary or bifid ribs also occur.

The diagnosis of these lesions is mainly radiological and often
entirely so. The radiologist will observe such features as alteration
i n bone density and in the size and shape of the hones. He or she
will also observe the distribution of the lesion and the parts of the
hones affected.



Fig. 35.31 Cleidocranial dysplasia. (A) Clav cular defects are demon-
strated, especially on the right side. (B) Note delayed mineralisation in the
frontoparietal region and wormian bones posteriorly. Facial bones are small
but the mandible is normal. Delayed dentition is also seen. (C) Failure of
ossification of the symphysis pubis is demonstrated.

parents may be closely related. The patients are short (below
1 50 cm), which is not a prominent feature of CCD. The skeleton is
susceptible to fractures. The disease is rare and found in all races.
The French painter Toulouse-Lautrec is believed to have suffered
from this disease.

Skull In the newborn, mincralisation is delayed. The facial bones
are small but the mandible is normal in size. The fontanelles
remain open late and the sutures are widened. The bodies of the
spheroids are hypoplastic. Many wormian bones are seen and
frontal and parietal bossing may be present. Basilar invagination
mat also occur (Fig. 35.3 I B).

Pelvis Delayed and imperfect ossification of the pubic bones is a
recognised finding (Fig. 35.3 IC) and congenital coxa vara is fre-
quently seen.

Teeth See Chapter 50.

Hands Anomalies of the hand are very common. The second and
fifth metacarpals are long and have supernumerary ossification
centres at their bases. The middle phalanges of the second and
fifth phalanges are short. Cone epiphyses and distal phalangeal
tapering are found.

Short fibulae, congenital pseudarthrosis of the femur, gent+ radgum

and obliquity of the articular space of the ankle joint are among
many reported associations.

Skull There is brachycephaly with wide sutures and persistence
of open fontanelles into adult life (Fig. 35.2A). Wormian hones
are seen. The calvarium. base of skull and especially the orbital
ri ms are very dense. The facial hones are small and the maxilla
hypoplastic (Fig. 35.2A). The mandible has no angle-it is obtuse
(see Ch. 50).

Limbs Normal modelling of long bones is usually seen. The
cortices are dense but the medullary canals not completely
obliterated.

Thorax Hypoplasia of the lateral ends of the clavicles is present
to a varying degree. The ribs are dense overall.

Spine Failure of fusion of the neural arches and spondylolisthesis
are found. In adults the vertebral bodies resemble spools, with

bones are uniformly
This condition has been confused with cleidocranial dysplasia

l arge anterior and posterior defects. The bo dense (Fig. 35.2B).

( because of some similar clavicular and skull changes) and
osteopetrosis (because of the generalised increase in diffuse hone Hands Acro-osteolysis occurs, often with irregular distal fra`g-
density). It is inherited as an autosomal recessive disease, and nients of the distal phalanges.



There are many other causes of resorption of distal phalanges

Acro-osteolysis means disintegration of bone of the tips of the
(Box 35.I). In some, resorption has a characteristic pattern and is

accompanied by other features of the disease. Thus, in hyper-
lingers and toes. This specific syndrome is inherited as an autoso- parathyroidism, tuft resorption is accompanied by subpcriosteal
mat dominant. Other features include spinal osteoporosis, wormian bone resorption around the cortices of middle phalanges.
bones in children and basilar invagination causing posterior fossa Some patients have neurological lesions, for example in syphilis,
symptoms. Other types of inherited phalangeal resorption exist. svringotnvelia and diabetes. I n some conditions, such as rheumatoid

arthritis and psoriasis, peripheral vascular deficiency has been

Box 35.1 Atrophic changes in distal phalanges shown to occur in the region of tuft resorption.

Atrophy of distal phalanges may be seen in disorders due to many causes g
Congenital Many forms of phalangeal agenesis may be found as

congenital familial disorders ossium; eponyms: Vrolik = congenital recessive form, Lobstein =

Dysplastic Cleidocranial dysplasia dominant form)
Pyknodysostosis
Acro-osteolysis This is a relatively rare disorder manifested by increased fragility of

N Infective I n acute infection usually only one digit affected- I hones and osteoporosis, as well as dental abnormalities (see

diagnosis obvious Ch. 42), lax joints and thin skin. This disorder is due to an abnor-
Leprosy-neurotrophic factors contributory mality of Type I collagen, so that the sclera, cornea, joints and skin
Sarcoid

' are also abnormal.
trauma Frostbite

Electrical injuries
The original classification distinguished a severe recessive form

and a milder and more common dominant type. The current
Poisons Ergot-peripheral arterial spasm and gangrene Polyvinyl tank cleaners

classification (Sillence et al 19 79) divides the disease into four

basic types with further subtypes.
Metabolic Hyperparathyroidism

Vascular Scleroderma with secondary Raynaud's phenomenon a

Occlusive vascular disease Type 1 This is the most common type; over 70%: of cases of
Pseudoxanthoma elasticum ostcogenesis imperfecta fit into this category. It has autosontal

Neurotrophic Tabes, syringomyelia dominant i nheritance. Sclerae are blue. Bone fragility is mild.
Diabetes-vascular and infective changes may be
contributory Stature is only mildly reduced. Deafness occurs in adult life.

Neoplastic Kaposi's sarcoma, where diffuse cutaneous and visual This group is further divided into Type IA-normal teeth, minor
l esions are seen skeletal change-and Type 1B-dentinogenesis imperfecta (q.v.)

Miscellaneous Psoriasis, pityriasis rubra, epidermolysis bullosa, and more severe skeletal change (Fig. 35.33A).
reticulohistiocytosis ) Osteoporosis occurs with cortical thinning with bowed, thin and
Ainhum
Neurofibromatosis gracile long bones (Fig. 35.338). In 10% fractures are seen at birth

Progeria and in 1(Y' fractures never occur. Most fractures occur in young

x_ , ,. . .,:.. children. Wormian bones are seen in the skull (Fig. 35.34).

Fig. 35.32 Pyknodysostosis.
(A) The skull shows failure of

sutural fusion and sclerosis of the
base. The angle of the mandible
i s obtuse and the maxilla
hypoplastic (see Ch. xx). (B) The

l umbar vertebral bodies show a
spool shape with quite prominent

anterior defects. Overall there is
sclerosis.



Fig. 35.35 Osteogenesis imperfecta. The child is stillborn. Multiple frac-
tures are demonstrated in the short and broad long bones, which are cystic
i n appearance. Numerous rib fractures are seen.

Fig. 35.34 Osteogenesis imperfecta. Persistence of wormian bones and
basilar invagination are shown.

• Type 2B. The long hones are as in Type 2A, but the ribs show
less or no beading.

• Type 2C. The long bones are thinned, show numerous fractures

and the ribs too are thin and beaded.

Fairbank (1951) had already distinguished between a `thick bone
type' and a `thin bone type'. Gross callus formation may be seen,
but non-union may be present. Mineralisation in the skull may be
severely retarded. Only the petrous hones may be clearly seen. The
skull is enlarged and numerous wormian hones are seen.

Type 3 This occurs in 15% of patients, is a severe and

progressively deforming type and is usually due to a new mutation.

Sclerae may he blue at birth but are usually normal in adolescence.

Overall the bones are demineralised. Vertebral compression is seen
and a kyphoscoliosis results. The long hones are osteoporotic and
thin. Multiple fractures in childhood result in bowing (Fig. 35.36).

In the skull, ossification is again poor, sutures are wide and
wormian bones persist. This type has associated dentinogenesis
imperfecta.

Type 4 Again, there are two subtypes-4A with no dental

Fig. 35.33 Osteogenesis imperfecta. (A) There is osteopenia. A fracture l esion, 4B with dentinogenesis imperfecta. This group constitutes
has resulted in bowing and a periostitis. (B) The long bones are gracile and 5%. Sclerae are usually normal. Fractures are seen at birth in 30%
bowed. Marked osteopenia is also present.

and bony fragility is mild.

Type 2 Ten per cent of cases of osteogenesis imperfecta are

due to this spontaneous dominant new mutation which is usually

l ethal in utero or early infancy. The sclerae are dark blue.

Overall the bones are grossly demineralised with thin cortices.
Numerous healed or healing rib fractures are seen at birth despite the
protection of amniotic fluid. Fractures also occur during delivery.

This group is further divided into:

Type 2A. The long bones are bowed, short and broad. Numerous
fractures arc seen. The ribs are broad with continuous beading
(Fig. 35.35).
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Fig. 35.36 Osteogenesis imperfecta.
The skeleton i s i mmature. The femur is
expanded and bowed at the site of previ-
ous fractures. The midshaft has a cystic, or
soap-bubble, appearance.

Battered baby syndrome In osteogenesis imperfecta the fractures
are often diaphyseal rather than metaphyseal, and the urinary
hydroxyproline is often elevated. The differentiation is often of
medicolegal significance.

Idiopathic juvenile osteoporosis This condition starts just
before puberty and is usually self-limiting. Vertebral compression
(Fig. 35.37) and characteristically metaphyseal fractures, espe-
cially of the lower limb long bones, occur (Fig. 35.38). The

calcium balance is negative only in severe cases, otherwise the
biochemical findings are normal.

This is a rare condition which affects elderly patients and usually
presents with pathological fractures. Radiologically, a gross

Patients with a benign form of the disease may not present until
adult life. Multiple fractures occur over a few years; eventually the
diagnosis is made. Healing may be with excessive callus, so that a
sarcoma is simulated. Sarcomatous degeneration is indeed
described, but is rare. Occasionally, pseudarthroses are seen as in
neuro(ibromatosis. Deafness is found in adults and may be due to
ankylosis of ossicles and osteosclerosis. Fig. 35.37 Idiopathic juvenile osteoporosis. Gross vertebral compression

The pelvis shows protrusio acetabuli, and further compression affects mainly the central portions of the vertebral bodies.

hinders childbirth. The ribs are so soft and thin that the downward
pull of the intercostal muscles makes their posterior portion convex
downward. coarsening of trabeculae is present so that the disease looks like

Paget's disease (Fig. 35.39). All the bones are affected except the
skull. Unlike Paget's disease, the bones retain their usual contour.

As with osteogenesis imperfecta and many other dysplasias, there
are many forms of this disease.

I . A severe, often fatal, early form, manifest in infancy or
childhood and inherited in an autosomal recessive form. This
has been diagnosed in utero (Figs 35.40, 35.41).

2. A more benign, tarda form, later in onset, inherited as a
dominant. This autosomal dominant form can he further
subdivided into:
a. Type I. Marked thickening of the sclerotic skull vault but

with an almost normal spine
b. Type II. A sclerotic skull base and a `rugger jersey' spine.

Patients with Type 11 have a high risk of fracture; those with
Type I do not.



Fig. 35.39 Fibrogenesis imperfecta. Marked coarsening of
trabeculation occurs throughout the skeleton but the bones
retain their contour.

Fig. 35.40 Osteopetrosis. Bone density is uniformly increased apart from
a small curved zone of normal bone at the iliac crest metaphysis. The
spleen is the site of extramedullary haemopoiesis.

Fig, 35.38 Metaphyseal fractures around the knee in idiopathic juvenile
osteoporosis distinguish this condition from osteogenesis imperfecta.



3. An intermediate form with recessive inheritance.

4. A syndrome of carbonic anhvdrase 2 deficiency associated with

renal tubular acidosis.

There is failure of resorption of the primary primitive fetal spon-
giosa by the vascular mesenchyme. This primitive bone has a
higher calcium content on ashing, and appears denser on radiology.
The hone is brittle and fractures easily, but heals normally.

Normal hone may he laid down in episodes so that zones of normal
and of denser bone may be seen, but the marrow is encroached upon
and extramedullary haemopoiesis occurs (Fig. 35.40).

I n the severe forms of the disease, anaemia and hepatospleno-
megaly are found within months of birth and life expectancy is poor.

I n the tarda form of the disease, the diagnosis is often made fortu-
i tously when two or three fractures occur, perhaps in the space of a
year. in an adult patient. The bones may be slightly dense.
Modelling abnormalities are seen with rnetaphyseal undertubulation.

Dental disease is common (see Ch. 38) with osteomyelitis occur-
ring in the rather compact hone.

Increased density and thickening of long bones, especially meta-
physes, can be seen in utcro. The presence of a `bone within a
bone' differentiates osteopetrosis from the other sclerosing dys-
plasias. This is due to the cyclic nature of the disease, so that the
dense shadow of. say, the tibia at the time of formation of abnormal
bone is seen within the outline of the current normal or abnormal
shadow. The timing of intrauterine onset of disease can thus be
assessed. This `bone within a bone' may be vertical in the long
bone shafts and digits, transverse at the metaphyses or arcuate

beneath the iliac crests.

Long bones Besides the ` Erlenmever flask' deformity due to
failure of metaphyseal remodelling, giving gross distal under-
tubulation, and the presence of dense bone, vertical line lucencies
extending to the metaphyses are also present (Fig. 35.41), probably
due to vascular channels bein g better seen against dense hone.

Fractures are usually transverse (Fig. 35.42) and heal with
normal callus. Residual varus results from proximal femoral frac-
tures. Some diaphyseal remodelling is to be expected. Skeletal
maturation is normal.

Fig. 35.41 Osteopetrosis-fine vertical lucencies are seen extending to
the metaphyses, together with a 'bone within a bone' appearance at the
tibial and fibular diaphyses.

Fig. 35.42 Osteopetrosis-spontaneous fracture of upper
end of right femur.



Fig. 35.44 Melorheostosis. (A) The plain film shows eccentric and irregular sclerosis along the medial aspect of the distal femur, crossing the joint into
the adjacent tibia. There is new bone on the outer aspect of the cortex and also in the soft tissues. (B) On the radioisotope bone scan increase in uptake is
demonstrated in the areas of bone sclerosis. (C) The coronal T,-weighted MR sequence shows sclerotic bone, as expected, as areas of low signal lying
within the marrow, on the periosteum and in the soft tissues.

Skull (for dental abnormalities, see Ch. 49) The bones of the
skull base are initially affected with sclerosis and thickening,
prominent in the floor of the anterior cranial fossa. The cranium is

affected to a lesser degree. The sphenoid and frontal sinuses and
mastoids are underpneumatised or not at all. Neural foramina are
encroached upon and blindness results in serious cases. Bone
softening with hydrocephalus does not appear to be a problem.

Spine Platyspondyly does not seem to occur, but spondylolisthesis
does. In vertebral bodies, an appearance like a `rugger jersey'
spine may be seen due to the inserted shadow of an earlier, more
dense body (Fig. 35.43), especially in Type 2-I1.

Fig. 35.43 Osteopetrosis-note
i nset of an earlier vertebra within
each vertebral body.

This is a very rare lesion affecting both sexes; no familial trend has
been reported. Though the condition has not been observed in a
child under the age of 3 years, there is strong presumptive evidence
that it is present at birth.

Patients may complain of pain and of restricted movements of
joints but the condition is often asymptomatic. Some cases are asso-
ciated with skin lesions, such as scleroderma, and with vascular
anomalies; joint contractures may be found in some patients.

The condition is characterised by the presence of dense irregular
bone running down the cortex of a long bone. Both the internal and
external aspects of the cortex may be affected. Dense areas tend to
be overgrown and bowing may result. Murray & McCredie (1979)
have pointed out that the distribution of the new bone corresponds
to a sclerotome, the segmental root nerve innervation of a bone.

The new bone has been likened to molten wax running down the
side of a burning candle (Fig. 35.44). The lesions tend to be
segmental and unilateral, though both limbs may be affected.
Occasionally the condition is bilateral but never symmetrical. Some
lesions are progressive. The lower limbs are most commonly
affected. Premature epiphyseal fusion may result, so that an
affected limb may be larger or smaller than normal.

The skull, spine and ribs are rarely affected. Ectopic bone may be
found in soft tissues around joints between affected bones.

In the adult form of the disease, the bones are roughly normal in
shape. The medulla in the proximal skeleton is primarily involved
and the periphery spared. Mild, uniform increase in density may he

seen.
There is an association with renal tubular acidosis and dense cere-

bral calcification in patients with carbonic anhydrase 2 deficiency.



This is usually an incidental radiological finding but some patients
have associated skin nodules. The lesions are familial. It affects
both sexes equally and is characterised by the presence of multiple,
dense, radiopaque spots which are round, oval or lanceolate, and
tend to he situated parallel to the axis of the affected bone. They are
usually uniform in density but may have relatively clear central
zones. Any bone may be affected. They occur especially frequently
in the ends of long hones and around joints, in the carpus and
tarsus, and in the pelvis (Fig. 35.45). This lesion must be differen-
tiated from serious conditions such as tuberous sclerosis and metas-
tases, but their distributions around joints, and the fact that the
nodules rarely increase in size or number under observation, distin-
guish this benign condition from metastases.

In this asymptomatic disorder sclerotic striations are found in the
l ong bones, especially of the lower limbs, affecting both bone ends
and diaphyses (Fig. 35.46).

This is a disease of unknown aetiology. It is probably more common
in women. The disease is found in two forms, monostotic and polyos-
totic. With polyostotic disease, over 50% of the skeleton may be
i nvolved, but symmetry is unusual and the lesions tend to be unilater-
ally distributed. The lesions are usually found incidentally or follow-
ing pathological fracture. Deformity may occasionally be marked. The
alkaline phosphatase is elevated but does not correlate with the extent
of the disease. The age of onset is usually between 10 and 30, but
polyostotic disease may present in the first decade. The lesions often

Fig. 35.46 Vertical striation extends to the articular surfaces in
osteopathia striata.

cease growing with skeletal maturity but may be seen in old age.
Monostotic lesions are more likely to enlarge in adult life. Prognosis
is worse when the lesions occur early in life.

Medullary hone is replaced by well-defined areas of fibrous tissue,
and cysts containing blood or serous fluid. These appear similar on
radiographs. The fibrous tissue then undergoes varying degrees of
abnormal ossification so that some of the lesions show an increase
i n density, dependent on the extent of ossification. This increase in
density may thus be patchy, giving a cottonwool appearance, or
homogeneous giving a ground-glass appearance.

Radiological features The lesions have a smooth dense margin of
varying width, often so wide as to resemble the rind of an orange
(Fig. 35.47). The bone is expanded and the cortex scalloped and
thinned but intact (Fig. 35.48). Lesions tend to be multilocular and
expand down the medulla rather than cause great cortical expan-
sion. Unlike Paget's disease, the hone ends are not necessarilyFig. 35.45 Osteopoikylosis.
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Fig. 35.48 Fibrous dysplasia. A multilocular, partly cystic, expansile lesion
of the midshaft femur is surrounded by a thick rim of reactive sclerosis.

Fig. 35.47 Four examples of quiescent fibrous dysplasia in the proximal
femur. The lesions are well defined, often with a very thick 'rind' around
them, and show various degrees of central mineralisation. The site is typical
for fibrous dysplasia.

affected and lesions tend to he diametaphyseal. Bone ends may he
involved after fusion, and epiphyses may be involved in the child.

Any bone may be affected, though involvement of the spine is
uncommon and vertebral collapse is unusual. Lesions do not really
need to be diagnosed by biopsy as the appearances are usually char-
acteristic.

The pelvis (Fig. 35.49), femur and ribs are commonly involved.
In the femur, deformity due to softening, expansion and fracture
gives an appearance likened to a `shepherd's crook' (Fig. 35.50)
and discrepancies in limb length result. Lesions are well defined

Fig. 35.49 Fibrous dysplasia-large expanding lesion in superior pubic
and may be expanded with well-defined margins. These may be ramus and sclerosis in upper end of the femur.
l ucent, dense or a mixture of the two, with small flecks of density
due to ossification (Fig.35.50). The lesions show increased uptake on racliorucclide scanning

In the ,skull, the frontal, sphenoid, parietal and maxillary bones (Fig. 35.53). The degree of increase depends on the nature of the

and mandible are often affected (Fig. 35.51). A grossly expanded underlying lesion-whether fluid-filled cysts, non-mineralised

sclerotic hyperostosis of the sphenoid may resemble a meningioma. matrix, or sclerotic, ground-glass or patchily mineralised.
Orbital fissures may be encroached upon and proptosis may result. On MRI cysts will show features of fluid, i.e. grey on T,-

Obliteration and bony expansion of the facial sinuses make the weighted images, bright on To-weighted or STIR sequences. The
face appear grotesque and mask-like. In the vault, lesions tend to greater the degree of mineralisation, the lower the signal, either
be grossly expansile, sclerotic, but localised (blister lesion) homogeneous or spotty. Hypocellular fibrous tissue is generally of
(Fig. 35.52). l ow signal on T2-weighted images (Fig. 35.54).
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Fig. 35.50 Fibrous dysplasia. (A) The plain film in this much more severe polycystic case shows marked enlargement and deformity of the pelvis and
proximal femur. There is marked bony expansion with extensive cyst formation. The shepherd's crook deformity has been stabilised. (B) The CT scan shows
the mixed pattern of tissues seen in fibrous dysplasia, ranging from cystic through ground-glass to heavily mineralised tissue.

Fig. 35.51 Fibrous dysplasia. (A) There is thickening with sclerosis of the frontal bone, the floor of the anterior cranial fossa and the base of the skull
extending back to the sphenoid sinus, which is replaced by dense amorphous bone. (B) The CT scan shows expanded and abnormally mineralised bone
occupying mainly the left side of the skull base. Considerable facial deformity is present.



Fig. 35.52 Polyostotic fibrous dysplasia. (A) The plain film shows extensive involvement of the skull base which is sclerotic and thickened, but a rather
more patchy and diffuse involvement of the vault, which shows areas of normal bone interspersed with areas of thickened bone. (B) On the sagittal
T,-weighted MR sequence the appearances exactly mirror the changes seen on the plain film. The skull base is thickened and shows extensive low signal
with loss of marrow. Marrow is only to be seen in part of the frontal bone. The region of the frontal sinus, which is obliterated, shows a mixture of low and
intermediate signal. The low signal indicates mineralisation, the intermediate fibrous tissue, and the subcutaneous fat shows uniform bright signal.
(C) An axial CT scan through the vault shows a typical mixed pattern of fibrous tissue which is partially mineralised. Cysts are shown. (D) The same skull at
MR imaging. On the T,-weighted sequence the bright outer band represents fat beneath the skin; the thickened skull vault is seen as a mainly
low-signal area anteriorly.
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Fig. 35.53 Fibrous dysplasia. (A) In this patient the left antrum shows increased density and the left maxillary alveolus is enlarged by a sclerotic area of fibrous
dysplasia. In the left side of the mandible, the expansile lesion is more radiolucent. (B) On the radioisotope bone scan, the anterior and lateral scans show a gross
increase in uptake in the left maxillary antral region. Expansion is also confirmed. The abnormality extends to the base of the skull at the anterior cranial fossa.
The lytic mandibular lesion seen on the plain radiograph is also seen as an area of increased uptake but, as expected, is not as prominent.

Sarcomatous degeneration occurs i n less than I % of patients,
usually to fibrosarcoma (Fig. 35.55). Some, but not all, of these
patients give a history of previous irradiation.

Complications

Fractures, deformity and irregularity of limb length have been

mentioned. Nerve palsies may occur in the skull.

Endocrine complications. Albright's syndrome consists of skin

pigmentation, usually on the side of the bone lesions, fibrous dys-

plasia (usually polyostotic) and precocious puberty. This occurs

usually in girls, and only rarely in boys. Most patients with skin

pigmentation and polyostotic disease do not have associated

endocrine disease and, in girls, only 50% have precocious puberty.

Hyperthyroidism, acromeea/v, Cnshing's syndrome:, gvnaecrnnastia
and parathvroid enlargement have all been reported in association
with polyostotic fibrous dysplasia.

Fig. 35.54 Fibrous dysplasia, right femur: MR scans. (A) There is a
localised well-defined expansile lesion with an intact cortex showing areas
of mixed signal on the T,-weighted coronal image. (B) The axial
fat-suppression study confirms the expansion of the bone and shows fluid
within well-loculated cysts in the lesion.

Fig. 35.55 A pathological fracture with irregular bone destruction due to
malignant degeneration is superimposed upon fibrous dysplasia.



Fig. 35.56 (A,B) Chondrodystrophia calcificans congenita. There is irregularity of vertebral bodies and of the neural arches and spinous processes in
association with soft-tissue stippled calcification. These changes are also seen at the joints. The long bones are markedly shortened. The humeral meta-
physes are irregular.

This condition, which is transmitted as an autosomal dominant, pri-
marily affects the epiphyses. Dwarfism of the short-limb type may
be seen. The condition may express itself in various ways, so much
so that some writers subdivide the disease into a severe form
(Fairbank) characterised by small epiphyses, and a mild type
(Ribbing) characterised by flat epiphyses.

In order of frequency, the epiphyses affected are those of the
hips, shoulders, ankles, knees, wrists and elbows. Epiphyses tend to

appear late and are fragmented and flattened (Figs 35.57-35.60);
the deformities persist throughout life and cause premature
osteoarthritis. The femoral capital epiphyses show symmetrical
flattening and fragmentation in the immature skeleton, the syrnme-
try distinguishing this from bilateral Perthes' disease (Fig. 35.61).
Symmetrical fragmentation is also seen in m_vxoedeina i n associa-

tion with skeletal retardation.
No characteristic changes are found in the metaphyses but they

may be widened to conform to the deformed contiguous epiphyses.
Secondary changes in contour are often seen in glenoid and ace-
tabular fossae. The carpal and tarsal hones may be affected and
digits and toes may be `stubby'. The skull is not affected. Sonic

features may be characteristic but none is constant:

This disease exists in at least three types, inherited differently:

1. Rhizomelic type (recessive) usually lethal; the most common
fatal type

2. Non-rhizoinelic types (Conradi-Hiinermann)
a. Dominant-common, usually mild

b. X-linked dominant lethal in males.

These have similar radiographic changes. Ichthyosis may he seen
in the rhizomelic and X-linked forms.

The less severe Conradi form of the condition is characterised in
i nfancy by stippling or punctate calcification of the tarsus and
corpus, long bone epiphyses, vertebral transverse processes and the
pubic bones. The resulting epiphyses in later life are often mis-
shapen, and deformities with asymmetrical limb shortening result.
The spine often ends up scoliotic but, if the infants survive, life
expectancy is normal but with an appearance resembling multiple
epiphyseal dysplasia (see below).

The more severe forms usually result in death in the first year;
survivors are likely to be mentally defective. Stippling is present as
above but is, if anything, more gross, also occurring in the trachea.
Long bones show gross symmetrical shortening and metaphyseal
irregularity (Fig. 35.56). In this form the vertebral bodies show a
vertical radiolucency on the lateral view which does not occur in
the dominant type. In survivors, there is marked retardation of epi-
physeal development.
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Fig. 35.57 Dysplasia epiphysealis multiplex. Both femoral heads are
hypoplastic and fragmented. The femoral necks are irregular and broad.
Similar changes are seen at the greater trochanteric apophyses. Dysplastic
acetabula are demonstrated.

Fig. 35.60 Dysplasia epiphysealis multiplex-angular condyles and flat
i ntercondylar notch. This is a characteristic appearance though not always
present.Fig. 35.58 Dysplasia epiphysealis multiplex, showing thinning of the

outer part of the lower tibial epiphysis; this is seen in about half of all cases.

Fig. 35.59 Knee of same patient as in Fig. 35.58. Marked fragmentation
of the patella.

1. Lower tibial epiphysis-the l ateral part of the lower tibial

epiphysis is thinner than the medial part; the trochlear part of

the talus is shaped to conform to the abnormal mortice. A

tibiotalar slant results (Fig. 35.58).

2. The double-la vered patella (Fig. 35.59) is characteristic but is

found in few cases.

3. The femoral and tibial condvles may be hypoplastic and the

i ntercondylar notch shallow (Fig. 35.60). Flattening of the

femoral and tibial condyles makes the joint look widened.

Spinal changes are seldom pronounced and may he absent. The

appearances in the spine, if present, resemble osteochondritis.
Some cases of chondrodystrophia calcificans congenita may

survive and their pattern may later resemble that of multiple epi-

physeal dysplasia.

Fig. 35.61 Dysplasia epiphysealis multiplex. At CT scanning the flatten-
i ng of the femoral heads is confirmed in association with marked irregular-
i ty and fragmentation. There is substantial anteversion and uncovering on
the left. Muscle atrophy is evident.

The epiphysis is enlarged and an irregularly ossifying cartilage

mass further arises on it. The leg is commonly affected but the arm

may be. Sometimes both an arm and a leg may be involved and

bilateral lesions have been recorded. If more than one epiphysis is

affected, then the same parts. i.e. the medial or lateral, of the other

epiphyses are abnormal.

(synonym: tarsoepiphyseal aclasis; eponym: Trevor's disease)

I n this rare condition, irregular overgrowth of part of an epiphysis

or epiphyscs lying on one side of a single limb is seen (Fig. 35.62).



Fig. 35.64 Metaphyseal chondrodysplasia, type
Schmid; mild changes only in upper femoral meta-
physes. Other metaphyses were similarly affected.

This disease is inherited and familial. Sixty per cent of those

affected have an involved parent. The remainder are presumably

Fig. 35.62 Dysplasia epiphysealis hemimelica. Marked overgrowth of the
femoral head. It is subluxed laterally. The superior portion resembles a par-
tially calcified cartilaginous tumour.

3. Other types named after Pena and Vaandrager show

i ntermediate involvement of metaphyses, less than in the Jansen

type but more than in the Schmid type. Such lesions may

resemble Ollier's disease.
4. Some cases of metaphyseal chondrodysplasia are associated

with pancreatic insufficiency and neutropenia.
5. McKusick described a syndrome of sparse hair, metaphyseal

l esions and dwarfism in Amish families-cartilage-hair
hvpoplasia.

6. Sometimes metaphyseal changes are associated with lesions of

the spine-such conditions should be designated

spondylometaphvseal (Ivsostnsis.

Fig. 35.63 (A) At the knee there is overgrowth of the epiphyses with
premature fusion centrally resulting in a chevron deformity. There is a large
osteochondromatous growth on top of the proximal tibial epiphysis
l aterally and also affecting the lateral femoral condyle. (B) Premature fusion
i s demonstrated at the distal tibial growth plate laterally and osteochondro-
matous overgrowth is demonstrated at the epiphysis and also at the adja-
cent talus. The distal fibular epiphysis is abnormal in shape and quite
markedly overgrown.

I . Schmiddescribed a mild type that is relatively common

(Fig. 35.64). Metaphyses of long bones are cupped and

resemble rickets. No biochemical changes are found. The

patient may be wrongly diagnosed as suffering from vitamin
D-resistant rickets and consequently and injudiciously given

large doses of vitamin D.

2. Jansen's enetaphvseal chondrodysplasia. Grossly irregular

mineralisation is seen in the metaphyses of tubular bones

(Fig. 35.65). A large gap is also seen between the epiphyses and

the disordered metaphyses.

Hyperplasia of the affected epiphysis may lead to a lesion that is

indistinguishable radiologically and histologically from an osteo-

chondroma. The lesions may be easily palpable. Such a feature is

relatively common in the lower end of the fibula and adjacent talus

(Fig. 35.63). All the epiphyses around the ankle enlarge, even those

not affected by a superimposed osteochondroma, and abnormalities

of fusion of growth plates occur; a `chevron' deformity can result.



1138 A TEXTBOOK OF RADIOLOGY AND IMAGING

can be discerned. By the time growth ceases, the cartilage has
usually completely ossified. The exostoses and the metaphyseal
clubbing are separate lesions though the former may be super-
i mposed on the latter.

I ncrease in transverse width is often accompanied by shortening
so that deformities result. These changes are especially common at
the radius and ulna, resulting in Madelung's deformity (Fig. 35.67).
Metacarpal bowing, radioulnar synostosis and radial head
dislocation may also be found. Ollier's disease gives a similar

appearance.
Lesions may be apparent early in life, especially if it is known

that one parent is affected, or a lesion may affect a subcutaneous
bone such as the tibia. Nerve compression may occur and para-
plegia may result if the vertebral column is affected (Fig. 35.68).
Some lesions may present with a dull ache, but pain and rapid
growth raise the possibility of malignant degeneration. The inci-
dence of chondrosarcoma i n diaphyseal aclasis is said to be about
1 0%% and these are often around the hip (Fig. 35.69).

Fig. 35.66 Growing lesions in multiple exostoses (diaphyseal aclasis).
(A) I nitial radiograph taken at 3 months of age shows small metaphyseal
spurs. (B) Left humerus at 3.5 years of age. (C) Left knee at 10 years of the
same child.

Fig. 35.65 Metaphyseal chondrodysplasia, type Jansen.

mutants to the gene. The sex incidence is equal and lesions within
the family are not necessarily of the same severity.

The bones chiefly affected are the long bones, especially in the
nietaph}seal regions of the shoulders, hips, knees and ankles, which This is the most common type of disproportionate dwarfism. In
become irregularly expanded and club shaped. Upon these local sufferers, one part of a limb shows relatively greater shortening. If
enlargements of the shaft are projected osseous excrescences- proximal, rhizonielia is present; if medial, mesornelia; i f distal,
exostoses-which are round or pointed. Their cortex merges acromelia. In recent years many conditions, such as ihanalophoric
with that of the shaft and their cancellous bone merges with dwarfism, have been split off from achondroplasia so that a truly
the cancellous hone of the shaft', that is, they do not lie upon homogeneous picture now emerges. Inheritance is autosomal domi-
the cortex. Exostoses are also found on the vertebral bodies and nant, but most cases (85%) seem to be due to mutation of the gene,
on the medial border of the scapula. The epiphyses are not probably in older fathers. The patients have normal intelligence
i nvolved. though a lack of muscle tone at birth suggests retardation.

Exostoses may he seen as small metaphyseal projections in The children have characteristic features at birth. Trident hands
i nfants and their growth may he observed. With growth, they come with short, stubby fingers, a depressed nasal bridge with a promi-
to point away from the adjacent joint (Fig. 35.66). During skeletal nent forehead and a disproportionately lame skull, and prominent

growth, the bony exostoses arc covered by a cartilage cap which buttocks due to lumbar lordosis are all seen. The large head can
undergoes spotty calcification, and with increasing maturity the car- obstruct labour. Limb bones are short with a rhizomelic
tilaginous mass becomes increasingly dense and a smooth margin pattern.



Fig. 35.69 Malignant degeneration of cartilage-capped exostosis. (A) The initial radiograph shows the exostosis with a large soft-tissue mass lying
peripheral to it; the margin of the exostosis is irregular. (B) The sagittal T,-weighted MR sequence demonstrates a large irregular soft-tissue mass containing
only a little mineralised bone. There is invasion of the underlying marrow by the tumour.

Fig. 35.67 Diaphyseal aclasis-
typical deformity of bones of the
forearm.

Radiological findings
Long bones The tubular hones are short. appear relatively
widened and have prominent muscle insertions. The humeri and
femora are affected more than distal bones (rhizomelia). The
fibulas are long and bowed. The epiphyses are deformed by their
insertion into V-shaped defects at the metaphyses. The epiphyses
themselves have V-shaped distal ends with deep intercondylar
notches the 'chevron' sign. The appearances are similar to

Fig. 35.68 Diaphyseal aclasis. Exostoses are seen associated with the
spine in this patient who developed paraplegia.



Fig. 35.71 Achondroplasia. Canal stenosis is demonstrated at radiculog-
raphy. Posterior scalloping of vertebral bodies is shown between areas of
distal indentation upon the opacified theca.

Spine The AP diameters of vertebral bodies are often short but
the height of vertebral bodies is insignificantly reduced. In the
thoracolumbar region a vertebral body or two may appear wedged
or bullet-nosed. In some, a thoracolumbar vertebral body nay
resemble that found in Hurler's syndrome. Scalloping at the back
of vertebrae may be seen (Fig. 35.71).

The spinal canal in the lumbar region tapers caudally so that the
interpedicular distances decrease from LI to L5 (Figs 35.70, 35.71).
The lateral view will also show the small spinal canal. Severe
symptoms from disc protrusions are liable to develop in later life-
the spinal stenosis in the lumbosacral region is an important predis-
posing factor and can be confirmed by radiculography, CT or MRI
(Fig. 35.72).

Skull changes These changes are mandatory to the diagnosis of
achondroplasia. The calvarium is large but the base is shortened.
The sella may be small. The foramen magnum is characteristi-
cally small and funnel-shaped; hydrocephalus may occur and has
been attributed to this mechanical cause.

Chest The ribs are short, the anterior ends widened and the
sternum short and broad. The scapulae have peculiar shapes,
l osing their sharp angles; the glenoid fossae are small in relation
to the humeral heads.

Hands and feet Tubular bones of the hands and feet appear short
and wide, but carpal and tarsal bones are little affected
(Fig. 35.73). The trident hand, in which all the fingers are almost
of equal length and diverge from one another in two pairs plus
the thumb, is often found.

Fig. 35.70 Achondroplasia. Square iliac blades with horizontal acetabular

roofs. Note also the narrow interpedicular distances in the lumbosacral
region and the defects at the distal femoral metaphyses into which the epi-

physes insert.

those seen with local premature fusion after infection, trauma or
irradiation. The joint spaces appear widened owing to the
proximity of epiphyses and metaphyses.

Retardation of ossification and a reduced AP diameter cause the
upper ends of the femora of babies to appear relatively radiolucent.
A defect is present in older children at the site of the epiphysis of
the tibial tubercle due to an excess of uncalcified cartilage at this
age.

Pelvis The pelvis is small and its diameters reduced. The iliac
blades are particularly small and rather square-the `tombstone'
appearance. The acetabula are set posteriorly and the acetabular
roofs are horizontal (Fig. 35.70). L5 is deeply set and excessive
pelvic tilt causes prominence of the buttocks and an illusion of
lordosis. The sacrosciatic notch is narrow, with a prominent
medially directed spur. The pelvic inlet resembles a champagne
glass.
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Fig. 35.74 Overgrowth of the distal fibula in hypochondroplasia.Fig. 35.73 Trident hand in achondroplasia.

This condition has been separated from classic achondroplasia,

though there are some features in common. The skull is never

affected, and the patients are either normal or mildly reduced in

Fig. 35.72 Achondroplasia. (A) This sagittal T1-weighted MR sequence
shows vertebral scalloping as a prominent feature in the lumbar spine.
(B) The axial image shows short, broad pedicles and severe associated canal
stenosis.
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Long bones The epiphyses are delayed in appearance and
markedly irregular (Fig. 35.76B), again differing from achondro-
plasia. Metaphyses are broad and spurred. After fusion, epiphy-
seal dysplasia of- varying degrees of severity is found.

Pelvis The acetabulum is irregular and premature osteoarthritis
of the hips occurs. The ilia are large and the pubes and ischia
short.

Hands I n severe cases, the tubular hones are short and stubby
with delay in ossification of irregular epiphyses and carpal bones
( Fig. 35.76C). In the adult, the metacarpals end up shortened.
Shortening of the radius and ulna may be marked and both bones
at the wrist may be hypoplastic centrally, giving a 'V' appearance.

height. The disease is inherited as a dominant. The abdomen and
buttocks are prominent, as in achondroplasia, and the legs are
bowed in childhood.

Radiological features
There is rhizomclia with a short, broad femoral neck. The distal
fibula is overgrown compared with the distal tibia (Fig. 35.74). The
iliac bones arc smaller than normal but not as markedly reduce(.[ as
in achondroplasia. The interpedicular distances narrow from LI to
L5 and the pedicles are short, so that spinal stenosis results
(Fig. 35.75). The lumbar lordosis is increased.

This has relatively recently been separated from achondroplasia and
is the commonest fatal neonatal dysplasia.

Radiological findings
Limbs There is rhizomelic dwarfism but the long hones are
bowed. The metaphyses are irregular. Epiphyses of the knee are

absent at birth. Short, wide metacarpals and phalanges arc
shown.

Axial skeleton There is marked platyspondyly but the posterior
vertebral elements are normal so that, on an anterior view, the ver-
tebral bodies resemble the letter H (Fig. 35.77). The pelvis shows
poor mineralisation of the ischium and pubis, and small square
iliac blades. The skull often shows lateral temporal bulging
('cloverleaf skull') due to craniostenosis. The ribs are short and
flared anteriorly.

The infants are stillborn or die shortly after birth.

This condition is a short-limbed dwarfism occurring in both recessive
and dominant forms of mild or marked severity, so that sonic patients
are barely affected and some are grossly deformed. In all patients,
however, the skull is normal, distinguishing this condition from
achondroplasia. Also, no changes are seen in the first year of life.

Radiological features
Spine Vertebral bodies may be flat and irregular with central
anterior 'tongues' (Fi(, . 35.76A). In adult life, appearances vary

from near normal to platyspondyly and scoliosis. The spine in
multiple epiphyscal dysplasia is barely affected.

Most, but not all, patients with the disease die in infancy from res-
piratory distress. In contradistinction to thanatophoric dwarfism, the
spine is normal and the Tong bones are not curved and only a little
shortened.

The thorax is stenotic. The ribs are short and horizontal and the
clavicles highly placed (Fig. 35.78).

Polydactyly is present in many cases and epiphyses are present at
the knee.

I nheritance is autosomal recessive. In those patients who sur-
vive, renal failure may result even if bone changes revert to
normal.

Fifty per cent of patients have congenital cardiac defects which may
be fatal. The inheritance is autosomal recessive.

Radiographic features
Limbs I n the limbs, the paired long bones are short and the meta-
physes dome-shaped (Fig. 35.79); the dwarfism is mesomehc. At

the proximal tibia the developing epiphysis is situated over the
Fig. 35.75 Hypochondroplasia. A narrowed interpedicular distance at L5
in the same patient as Fig. 35.74.



Fig. 35.76 Pseudoachondroplasia. (A) Tongue-like
projections of the vertebral bodies with superior and
inferior defects. (B) Long bones-irregular epiphyses
and metaphyses with tilt deformities. (C) Hands-the
radius and ulna are flared at the metaphyses, the
carpal bone epiphyses delayed and irregular, and
the metacarpals short. The phalanges are stubby
and the epiphyses angular and irregular.
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Fig. 35.78 Asphyxiating thoracic dystrophy-short horizontal ribs with
high clavicles but a normal spine. The scapulae are hypoplastic.

Axial skeleton The skull and spine are normal. The rib cage
resembles that seen in asphyxiating thoracic dystrophy. The
acetabulum has a medial spur in the region of the triradiate cartilage.

The ectodermal dysplasia, with partial or total absence of teeth,
and abnormal hair and nails, is not seen in asphyxiating thoracic

dystrophy.

Fig. 35.77 Thanatophoric dwarfism. A cloverleaf skull is present. The
scapulae are hypoplastic and the clavicles high. Platyspondyly is shown,
resulting in H-shaped vertebral bodies. The bones are short and bowed.

abnormal medial tibial plateau and is defective laterally, so that
valgus deformity results. Postaxial polysyndactyly is also present
(Fig. 35.80). Carpal development is delayed and carpal fusions
are seen, especially between capitate :ind hamate.

This is inherited as an autosomal dominant. The patients are often
female, short in stature with a mesomeric type of dwarfism. There
is hypoplasia of the inner aspect of the distal radius; the ulna is
therefore prominent and is subluxated dorsally (Madelung's defor-
mity). The carpal bones herniate proximally into the deficiency
caused by the hypoplastic radius (Fig. 35.81).

The medial aspect of the proximal/distal tibia is similarly defec-
tive, and the fibula may be hypoplastic.

The above terms embrace an extremely complex group of disorders.

All members of the group are associated with an abnormality in
mucopolysaccharide or glycoprotein metabolism. The most that can
he expected of the radiologist is to suggest a diagnosis of

I nucopolysaccharidosis (MPS), and niceties of nosology are the
province of the clinician, geneticist and biochemist. The same con-
siderations apply to the mucolipidoses.

Fig. 35.79 Chondroectodermal dysplasia. Hypoplasia of the lateral
portion of the upper tibial epiphysis is present and the metaphysis is dome-
shaped. Incidental fractures are demonstrated.
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Fig. 35.80 Chondroectodermal
dysplasia. Polysyndactyly is present
together with anomalies of carpal
segmentation.

Types of mucopolysaccharidoses are:

• MPS I-H (Hurler's syndrome; gargoylism)
• MPS II (Hunter's syndrome)
• MPS III (Sanfilippo's syndrome)
• MPS IV (Morquio-Brailsford syndrome)
• MPS I-S (Scheie's syndrome)
• MPS VI (Maroteaux-Lamy syndrome).

The Hunter type is inherited as an X-linked recessive, the rest as
autosomal recessives. Some are severe, others relatively mild.
Sufferers have various degrees of mental retardation, corneal cloud-
ing and skeletal changes.

Changes include macrocephaly, J-shaped sella, thickened calvaria,
oar-shaped ribs and hook-shaped vertebral bodies (Fig. 35.82). The
ilia are widely flared, the femoral ossific nuclei fragmented, and

Fig. 35.82 MPS I-H (Hurler's syn-
drome). Hypoplasia of L2 body with a
pronounced inferior beak and a result-
i ng angular kyphosis.

Fig. 35.81 Dyschondrosteosis. (A) There is separation of the hypoplastic
distal radius and ulna with proximal herniation of the carpus. (B) The lateral
view shows the posterior situation of the ulna and hypoplasia of the
proximal radius.
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Fig. 35.83 MPS I-H (Hurler's syndrome). Undertubulation is associated
with demineralisation. The metacarpals are pointed proximally. The distal
radius and ulna are angulated.

coxa valga is usual. The proximal ends of the metacarpals taper and
in older children the distal ends of the radius and especially the ulna
slope toward each other (Fig. 35.83).

This condition presents with dwarfism, due mainly to shortness of
the spine and to a marked kyphosis. The tubular bones are also
widely affected. The lesion may he familial. Intelligence is
unimpaired.

Spinal changes are the dominant feature. The vertebrae are flat, and
i n childhood tend to have a characteristic form. The upper and
l ower surfaces of the vertebral body are defective and a central

tongue of bone protrudes forward (Fig. 35.84). This appearance is
best seen in the lower thoracic and upper lumbar region. Later, as
growth proceeds, the defect becomes repaired. One thoracolumbar
vertebra may he smaller than its fellows and displaced posteriorly,
causing a marked kyphosis.

As a rule, tubular bones are not markedly affected but may be short
and rather wide with somewhat irregular metaphyses. The epiphyses
are markedly irregular and fragmented, notably those of the femoral
heads. The joint spaces are increased and the joint surfaces, for
example of the acetabulum and glenoid, are shallow and irregular.

The pelvis tends to he narrow, or shaped like that of an ape
(Fig. 35.85). In the hands and feet the tubular bones are short and Fig. 35.85 MPS IV. Simian pelvis, fragmented, maldeveloped femoral

capital epiphyses with associated metaphyseal irregularity. Shallow ace-
stubby, and some irregularity of the carpal and tarsal bones is also tabula with dislocation of both femoral heads shown also-a feature some-
found. ti mes seen in this condition.

The term 'spondyloepiphyseal dysplasia' (SED) is used to embrace
a group of conditions characterised by platyspondyly and dysplasia
of other hones. The degrees of spinal and tubular bone involvement
and the amount of dwarfism vary between the different groups.

Fig. 35.84 MPS IV (Morquio-Brailsford syndrome). The lateral view of
the spine shows osteopenia and platyspondyly with anterior beaking. There
is a thoracolumbar kyphos. The hip joints appear irregular, even on the
lateral view.



Fig. 35.87 Pelvis of patient in Fig. 35.86. Some (but not
gross) osteoarthritis is seen, with some bilateral acetabular
protrusion. The iliac wings are characteristically small in
this condition.

The tubular bones are elongated and slender, the distal bones being
much more affected than the proximal ones. The hands and feet arc
especially elongated (Fig. 35.89) and occasionally their bones have
extra epiphyses. Kyphosis and scoliosis are frequent findings. Some
scalloping of the back of the vertebral bodies may be seen.

I. X -linked variety-SED tarda. This type has a distinctive
spinal lesion. Mounds of dense bone are found on the superior
and inferior surfaces of the posterior parts of the vertebral
end-plates (Fig. 35.86). The tubular bones are not much
affected and may resemble those in mild cases of dysplasia
epiphysealis multiplex. The iliac wings are characteristically
small. Hip degeneration frequently occurs prematurely
(Fig. 35.87).

Fig. 35.86 Spondyloepiphyseal
dysplasia (X-linked recessive form)
showing characteristic platyspondyly.
Mounds of bone are seen on the
superior and inferior parts of the pos-
terior parts of the vertebral bodies.
Gas is seen in the prematurely degen-
erate discs.

This condition is inherited as an autosomal dominant. Clinically,
the long bones are lengthened and muscle weakness, hypermobil-
ity and lens dislocations are found. A high arched palate,
depressed sternum and scoliosis also occur. Cardiovascular
lesions include aortic dissections, atria) septa) defects and mitral
valve lesions.

This is a genetically determined metabolic disease, included in this
section on account of its manifestations. Several subgroups have
been described, dependent on the age of onset and severity of
symptoms. They are characterised by: (i) low or absent serum
alkaline phosphatase; (ii) phosphoethanolamine in the urine and
plasma; and (iii) hypercalcaemia in severe forms.

In the severe type, gross general failure of ossification of the
skeleton is seen (Fig. 35.88). These babies do not survive. Some
less severe forms present as severe rickets. If they survive, the
radiographic picture may resemble that of Ollier's disease. An adult
form of this condition is characterised by osteoporosis and a
tendency to fractures.

2. Dominant variety SED congenita. In these patients the
platyspondyly is maximal in the thoracic spine. Lesions of
tubular bones are severe and early osteoarthritis may be
expected. The hands are unaffected. Retinal detachment is
common.

3. Recessive variety. The platyspondyly is generalised and the
severe wedging of the dominant form is not found.



Fig. 35.90 Homocystinuria. Osteoporosis is associated with
platyspondyly of the thoracic spine.

This lesion has some similarity to Marfan's syndrome but is inherited
as an autosomal recessive. A definite biochemical abnormality has
been demonstrated. Absence of the enzyme cystathionine (3-synthase
results in an excess of urinary homocystine. The most important

feature is that thrombosis of arteries and veins is liable to occur, espe-
cially after catheterisation, and fatalities have been reported.

Osteoporosis in the spine, with posterior scalloping of the ver-
tebral bodies (Fig. 35.90), differentiates this condition radio-
l ogically from Marfan's syndrome. Epiphyses and carpal bones
tend to be enlarged and metaphyses broadened (Fig. 35.91), but

arachnodactyly is less marked. Also these patients tend to have pes

The diagnosis is usually straightforward. Estimation of the
metacarpal index will aid the diagnosis in doubtful cases. This
i ndex is estimated by measuring the lengths of the second, third,
fourth and fifth metacarpals and dividing their breadths taken at the
exact midpoint. The resulting figures, from each of the four
metacarpals, are added together and divided by four. In normal

adult subjects the metacarpal index varies from 5.4 to 7.9; in
arachnodactyly the range varies from 8.4 to 10.4.

Fig. 35.89 Marfan's syndrome -elongation of metacarpals and pha-
Fig. 35.88 Hypophosphatasia in an infant. The appearances resemble a langes is demonstrated.
very severe form of rickets, changes especially affecting the metaphyses,
but proceeding further into the shaft of the long bone than is normal with
rickets. The growth plates are widened but the ossification centres at the
epiphyses are far better defined than would be usual in rickets.



The disease process primarily involves the connective tissues rather

than muscle fibres. Soft-tissue swellings begin in utero or early in

life. These painful swellings affect the neck and upper trunk. Ossi-
fication commences in the lumps within months and is aggrav-
ated by surgical biopsy. Large masses of bone form in voluntary
muscles which may extend to the normal skeletal structures
and resemble exostoses (Fig. 35.93). Movements become restricted.

A skeletal dysplasia is present at birth. Seventy-five per cent have

i nvolvement of the great toe, with fusion and microdactyly or
hallux valgus (Fig. 35.94), and 50% have thumb hypoplasia and

This condition is associated with an extra chromosome in the
21-22 group. The clinical diagnosis of older children suffering
from mongolism is usually easy. In a baby the diagnosis may not be
evident clinically but it is, of course, of great human importance.
The newborn Down's syndrome baby has a large ilium with a flat
acetabular roof; an elongated tapering ischium develops after a few

months.
Many other skeletal and visceral anomalies have been described

in this disease, though none of them is invariably present. Some of
the following anomalies have been recognised relatively recently:

Fig. 35.92 Achondrogenesis. Gross shortening of the long bones is seen.
The metaphyses are irregular and the epiphyses around the knee delayed in
appearance. Poor mineralisation of the caudal vertebral bodies, sacrum and
pubic bones characterise Type II achondrogenesis.

little finger clinodactyly. The femoral necks and mandibular
condyles are broad and the cervical vertebral bodies are hypoplastic
and fused (Fig. 35.95).

Inheritance is probably autosomal dominant but most cases are
sporadic as few patients survive to reproductive age.

The long bones are extremely short, irregular and grossly under-
mineralised (Fig. 35.92). The pelvis is barely visualised at birth or

i n utero (Type I). In Type 11, the limb bones are still short and meta-
physes irregular, but slightly better mineralised. The vertebral
bodies, however, may not be mineralised, especially caudally.

The diseases are both inherited as autosomal recessives.

This is an uncommon lethal form of infantile dysplasia charac-
terised by a large deformed head with gross underdevelopment of
the limbs and a large squat abdomen.

Fig. 35.91 Homocystinuria. Overgrowth of carpal epiphyses is present.

cavus and grosser sternal lesions than in Marfan's syndrome
Cardiac and aortic lesions are less common.
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Fig. 35.93 Fibrodysplasia ossificans progres-
siva-soft-tissue ossification (arrows).

Fig. 35.95 Fibrodysplasia ossificans progressiva. There is partial fusion of
the vertebral bodies and laminae and, in addition, ossification of ligamen-
turn nuchae. The cervical canal is slightly widened. Mandibular hypoplasia
i s also shown, perhaps because of interference with the growth plate at the
mandibular condyle.

seen in 20% of normal children of the same age group. The
calcaneus may ossify in two centres.

4. Many Down's syndrome children have only I I pairs of ribs.
5. The middle and distal phalanges of the fifth digits are often

hypoplastic and curve inward-clinodactyly. The proximal
phalanx of the thumb may be small and triangular or delta
shaped.

6. The lumbar vertebrae are often greater in height than in width,a
reversal of the normal ratio, and they show concave anterior
surfaces. Thus a lateral view of the lumbar spine may be of

Fig. 35.94 Fibrodysplasia ossificans progressiva. Dysplastic changes are
demonstrated in the great toe in 75% of patients.

I. Brachycephaly, hypoplasia of the nasal bones, maxillae and
sphenoids, and absent frontal sinuses. Instability of the
atlanto-axial joint and abnormalities in the upper cervical spine
may he found in 20%.

2. The interorbital distance is decreased in most cases, indicating
orbital hypotelorism.

3. Extra ossification centres for the manubrium sterni are found in
90% of cases between the ages of I and 4 years, this sign is



diagnostic help. This is not diagnostic of Down's syndrome but
may he found in many children with delayed motor development.

7. Congenital heart disease is frequently found in Down's
syndrome children, as is an aberrant right subclavian artery.

8, An increased incidence of duodenal stenosis and atresia and of
Hirschsprung's disease may be found.

Not all patients with Turner's syndrome have an abnormal sex

chromosome pattern, nor do all individuals with the characteristic
chromosomal pattern have Turner's syndrome. The essential com-
ponents of this condition are: agenesis of the gonads, webbing of
the neck and cuhilus valgus. The syndrome is confined to females.
Mental deficiency, congenital cardiac and aortic lesions and anom-
alies of the kidneys such as malrotation are often associated.
Sometimes males are found with a similar body configuration, viz.
short stature and a webbed neck. However, these boys have a
normal chromosomal pattern and they tend to get auricular septa)
defects and pulmonary stenosis rather than coaretation of the aorta
which may he associated with Turner's syndrome.

The skeletal features are inconstant and non-specific. Density of the
skeleton, especially of the hands and feet, is reduced. General
osteoporosis is frequent in older patients. The metacarpals may be
short (Fig. 35.96) and accelerated fusion of the epiphysis may be
found. The so-called `metacarpal sign' is an expression of gross
shortening of the fourth metacarpal. Minor shortening may be seen
in some normal subjects.

The increase in the carrying angle of the elbow is better assessed
clinically than radiologically. The medial tibial condyle is
depressed and beak-like, and the medial femoral condyle may
project downward (as in Blount's disease) (Fig. 35.97).

Maldevelopment of the clavicles and slender ribs are often seen.
Fig. 35.97 Turner's syndrome. The medial tibia) plateau is depressed and

Kyphosis and scoliosis are frequently found. Hypoplasia of the atlas the adjacent femoral condyle enlarged.
and odontoid peg may be seen. In many females the pelvic inlet is
android, the pubic arch narrowed and the sacrosciatic notches small.
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the new hone merges with the cortex. Difficulty is caused by hones
such as the fibula which have naturally irregular outlines. Insertions
of interosseous membranes, ligaments and tendons in other bones
also cause confusion.

There are a wide variety of types of periosteal reaction and often
certain patterns can be discerned. However, the type of periosteal
reaction cannot always be correlated with the underlying disease.

New bone is laid down in many conditions with different aetiolo-
gies (Box 36.1). In some the periosteum is physically elevated by
tumour, haemorrhage or infection. Vascular abnormalities, viruses
and autoimmune diseases may all cause new bone deposition. New
bone may be deposited locally, around a solitary focus of disease,
or may be generalised. In some systemic conditions, new bone is

laid down in characteristic sites.
In its simplest form the new bone is seen as a linear density sepa-

rated from the bony shaft by a clear zone, often later obliterated as

A tumour, having broken through the cortex, elevates the perios-
teum and new hone forms beneath it. If the tumour grows slowly,

' Box 36.1 Causes of periosteal new bone formation

Physiologic I n neonates, especially in prematurity

Congenital Tuberous sclerosis

Dysplastic Melorheostosis, Engelmann's disease

Traumatic Local subperiosteal trauma; fracture, including march

fracture. Unrecognised skeletal trauma (Caffey's 'battered

baby syndrome')

Infective Acute: osteomyelitis-staphylococcal, streptococcal,

pneumococcal, etc.

Chronic: Brodie's abscess, tuberculosis, syphilis

(congenital and acquired), yaws; also from nearby

i nfection, e.g. varicose ulcer; ribs in pulmonary and

pleural infections

Hypo-and Rickets, scurvy, hypervitaminosis A

hypervitaminosis

Endocrine Thyroid acropachy, hyperparathyroidism healing

phase; secondary hyperparathyroidism in renal

osteodystrophy

Haemophilia and other bleeding disorders. Myeloid

metaplasia probably due to associated

thrombocytopenia. Erythroblastic anaemias.

Leukaemias. Varicose veins (before ulceration occurs).

Hypertrophic pulmonary osteoarthropathy (probably of

vascular aetiology) and pachydermoperiostosis

Polyarteritis nodosa

Hodgkin's disease, etc.

Vascular

Collagen diseases

Reticuloses

Neoplastic

Primary joint

l esions

Miscellaneous

Trauma and inflammation are the commonest causes of periosteal reaction both in adults and in children. Primary malignant neoplasms are rare but nearly always

cause periosteal reaction. Periosteal reaction is occasionally seen in metastases. I n adults, less common causes such as reticuloses, hypertrophic pulmonary

osteoarthropothy and varicose ulceration may cause diagnostic difficulty. In neonates, congenital syphilis and infantile cortical hyperostosis must be remembered.

Later, scurvy, leukaemia and erythroblastic anoemias (in immigrants) are possible causes. Ewing's sarcoma and metastases from neuroblastoma are other childhood

causes which may prove diagnostically elusive.
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Fig. 36.2 Polyarteritis nodosa. An exuberant periostitis is seen along both
tibia and fibula-much more florid than that seen in hypertrophic
osteoarthropathy.

A florid and exuberant periosteal reaction occurs infrequently in
poivarteritis nodosa. Arterial occlusion and skin ulceration are
found and the periosteal reactions often occur around affected parts
and in relation to skin lesions (Fig. 36.2).

Venous stasis causes changes in the lower limb, especially at the

diaphysis and distal metaphysis of the tibia and fibula. The periosteal
new hone which is formed may he lamellar or irregular. Changes
may be seen in the presence of chronic ulceration (Fig. 36.1), but
also in its absence, so that an ulcer is not essential. Indeed, the
periosteal new hone often extends far proximally from an ulcer.
Phleboliths may he present and varicosities may also be seen in
subcutaneous tissues, which appear thickened and oedematous.

This is generally not as good at showing cortical bone as is CT.
Cortical signal is normally low because of the nature of compact
bone. Periosteal new hone is seen as an accretion of low signal
mass but oedema, haemorrhage and tumour are especially bright on
T,-weighted and STIR sequences and better delineate the periosteal
new hone and cortical changes.

CT demonstrates cortical thickening. By altering the windows,
changes within the periostitis may he better defined-lamellation,
cloacae, stress fractures or tumour, for example osteoid osteonua.

I ncrease in uptake may he seen early, in the blood-pool phase,
reflecting increased blood flow, and in the delayed scan, reflecting
i ncrease in hone turnover. Any displacement of cortex and peri-
osteum and involvement of soft tissues further increases the
size of the abnormal area of increase in uptake, which is seen
superimposed on the pre-existing cortical image.

the elevated periosteal new bone may remain intact and even take
over the function of the destroyed cortex. If tumour growth is
cyclic, as in Ewing's sarcoma, successive layers of periosteal new
hone are laid down, giving a lamellatcd or onion-skin appearance.
I f tumour growth is rapid, the periosteal new hone becomes disor-
ganised and remains intact at the tumour margins only. Buttressing
and elevation of periosteal new hone at tumour margins leads to a
so-called Codman's triangle which is usually indicative of a malig-
nant tumour, though in an aneurysmal bone cyst Codman's triangle
really indicates rapidity of progression.

I n Ewing's sarcoma and in hypertrophic osteoarthropathy (see

Ch. 49), the layers of new hone are characteristically fine, and thinner
than the spaces between them. New hone in osteogenic sarcoma,
parosteal osteosarcoma and secondary deposits tend to be coarser
and less well defined, so that the spicules are thicker than the inter-
vening spaces. In osteogenic sarcoma, also, new bone may he per-
pendicular to the shaft and, originating from a finite focus of disease,

resembles a sunray-so-called 'sunray spiculation'. This may also
be found with angioma and thalassaemia, but is then generally more
orderly and better organised. Mcningioma may resemble osteogenic
sarcoma more closely, but the site is characteristic. Vertical spicules
('hair-on-end') arc also found in Ewing's sarcoma but, in keeping
with the more diffuse nature of the underlying tumour, are not

usually 'sunburst' but extend for a considerable distance along the
bone and are more delicate. Vertical spiculation may result from
bony deposition along the elevated and stretched fibres connecting
periosteum to bone, the Sharpey's fibres.

Fig. 36.1 I rregular periosteal
new bone is demonstrated in a
patient with varicose veins.
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I. The nutrient artery. This is the major source of blood supply

throughout life. It supplies the marrow and most of the inner
cortex.

2. Periosteal vessels. These supply the outer cortex.

3. Metaphyseal and epiphyseal vessels.

In the infant, vessels penetrate the epiphyseal plate in both direc-
tions. Metaphyscal infections can thus pass to the epiphysis and
then the joint. Acute pyogenic arthritis is therefore a relatively
common sequel of osteomyelitis in infants. The periosteum in
infants is very loosely attached to underlying bone. Pus easily ele-
vates periosteum and so can extend to the epiphyseal plate along
the shaft. In situations where the metaphysis is intracapsular, such
as the hip, metaphyseal infection also results in septic arthritis.

In childhood, between 2 and 1 6 years, few vessels cross the epi-
physeal plate though the periosteum is still relatively loosely
attached. The epiphysis and joint are thus less frequently infected.
The metaphyseal vessels terminate instead in slow-flowing sinusoids
which promote blood-borne infective change (Figs 36.4, 36.5).

In the adult, after the epiphyseal plate has fused, metaphyseal
and epiphyseal vessels are again connected so that septic arthritis
can recur. Periostcum, however, is well hound down and articular
infections via a metaphyseal route are less likely.

Fig. 36.3 Thyroid acropachy. Marked cortical thickening is demonstrated
atthe midshafts of the tubular bones of the hands (see Ch. 42).

An invading organism may attack bone by direct invasion from an
infected wound, or from an infected joint, or it may gain access by
haematogenous spread from distant foci, usually in the skin.
Haematogenous osteomyelitis usually occurs during the period of
growth, but all ages may be affected and cases are even found in old
age. In infants, Streptococcus usually causes osteomyelitis. In
adults, Staphylococcus is more common.

It is important to understand the blood supply to bone before Fig. 36.5 (A) Early metaphyseal infection. There is very minimal focal
describing blood-borne infection. The blood supply to a long hone is bone destruction at the distal radial metaphysis. (B) With progressive bone
via: destruction, metaphyseal abnormality is now very evident.

Literally `thickening of the extremities', this occurs in patients who
have been treated for thyrotoxicosis and end up myxoedematous.
The hands are more commonly affected than the feet. The distal
ends of paired long hones are less often affected. The distribution is
si milar to that of hypertrophic osteoarthropathy but the new bone is Fig. 36.4 Osteomyelitis. The three ages of i nfection and how change
more likely to be shaggy, spiculated and perpendicular to the shaft i nvolves the joint.
rather than lamellar. The overlying soft tissues are often grossly

thickened (Fig. 36.3).



The formation of pus in the bone deprives local cortex and

medulla of its blood supply. Dead bone is resorbed by granulation

tissue. Pieces of dead bone, especially if cortical or surrounded by ,

pus, are not resorbed and remain as sequestra ( Fig. 36.6). As seques-

tra are devitaliscd they remain denser than surrounding vital bone,

which becomes demineralised due to hyperaemia and immobilisa-

tion. Absorption of sequestra is also facilitated by the presence of

an im'olucrum. The involucrum forms beneath vital periostcum •
which bas been elevated by pus. As periostcum is poorly attached in

i nfants, involucrum formation is greater and so is the resorption of

dead bone, and healing.

In areas of dead periostcum, defects in the involucrum occur..

These cloacae allow pus and sequestra to escape, sometimes to the

skin via a sinus. The track and its deep connection to bone can then

be demonstrated by sinograpby using water-soluble contrast medium

(Fig. 36.7).

These depend to some extent on the age of the patient.

Soft-tissue changes may be immediately apparent. especially in

infants. Swelling, with oedema and blurring of fat planes is seen-

in distinction to the soft-tissue masses around tumours. Where the

displaced fat planes arc preserved. Osteoporosis may be visualised

within 1014 days of onset of symptoms. In children this is usually

mctapbyscal.

An involucrum is usually visualised after 3 weeks and is more

prolific in infants and children than in adults (Fig. 36.8). The rapid

escape and decompression of pus which results prevents vascular

compression and infarction, and promotes healing. Computed and

conventional tomography are invaluable in detecting sequestra.

These are seen as fragments of dense bone within an area of local

bone destruction. Treatment by antibiotics and/or surgical decom-

pression affects the course of the disease so that often little apart

from new bone may be found during the course of the disease.

Fig. 36.8 Osteo-
myelitis of femur and
septic arthritis of the
hip in neonate. Note
dislocation of hip,
i nvolucrum, cloaca
and sequestrum.

Fig. 36.7 Chronic osteomyelitis. (A) The preliminary radiograph shows a
deformed right femur. There is cortical thickening with evidence of
intramedullary cavitation and angulation. Linear calcified densities in the
soft tissues may represent extruded sequestra. (B) Coronal fat-suppression
MR image shows muscle wasting; the deformity of the bone is again
demonstrated. There is extensive increase in signal within the medulla, indi-
cating a fluid collection. A band of high signal can be seen extending from
the medulla superiorly, through the cortex laterally and into the adjacent
soft tissues. There is an effusion in the knee joint and oedema of the subcu-
taneous soft tissues. (C) The sinogram shows contrast medium in the same
distribution as the fluid in B.

Fig. 36.6 Advanced osteomyelitis involv-
i ng the whole of the right tibia and lower
end of fibula. Note sequestrum in tibia
(arrow) and further sequestrum being
extruded from the fibula (arrow).



Radionuclide scanning in bone infection
Skeletal scintigraphy in suspected bone infection should rightly
precede plain film examination. Plain radiographic changes cannot
be seen for up to 10-14 days with simple infections, though in
tuherculous disease changes are usually present at first presentation.
Using scintigraphy, however, the diagnosis of osteomyelitis can be
confirmed as early as 48 hours after the onset of the disease, even if
clinical signs are equivocal. Early aggressive treatment may prevent

Table 36.1 Haematogenous osteomyelitis of tubular bones

Features Infant Child Adult

Localisation Metaphyseal Metaphyseal Epiphyseal
with epiphyseal
extension

Involucrum Common Common Not common
Sequestration Common Common Not common
Joint involvement Common Not common Common
Soft-tissue abscess Common Common Not common
Pathological fracture Not common Not common Common*
Fistulas Not common Variable Common

* In neglected cases

(Reproduced from Diagnosis of Bone and joint Disorders, by courtesy of
Drs D. Resnick and G. Niwayama, and W. B. Saunders, publishers.)

Using these techniques it can safely be said that not only is scan-
ning more sensitive in detecting infective foci earlier, but it is nearly
always accurate-positive or negative. It is however non-specific,
because tumours and infection may give similar appearances.
Technetium uptake is limited if blood vessels are occluded in the
i nfective process by tamponade or thrombus; thus, in neonates, up
to 30% of scans may be negative because of this. Difficulty may
also arise because the metaphysis is always the site of increased
uptake in the growing skeleton. With metaphyseal infection,
however, the depth of increase in uptake is greater.

Gallium 67-labelled citrate scans may be used when the tech-
netium scan is negative in patients with clinical osteomyelitis, or
even in conjunction with a technetium scan. Gallium concentrates
avidly at the site of infection following local accumulation of leuco-
cytes and proteins which are labelled in vivo. The radiation dose
i s higher however and the image poorer. Gallium scans are also

gross bone destruction and, indeed, if given early enough on the
basis of a positive scan, need never develop (Fig. 36.10).

Standard techniques involve the use of technetium 99m-labelled
phosphonate and phosphate compounds. The accretion of radio-
nuclide in hone is related to blood flow as well as to local bone
turnover. This allows two separate sets of images to be obtained in
osteomyelitis:

I . A 'blood-pool' image of the painful area immediately after
i njection. This shows increased local radioactivity, iFpositive, in
areas of increased blood flow.

2. Delayed skeletal scintigraphic images at 3-4 hours. By this time
the radionuclide has been absorbed onto bone crystal. This
gives a skeletal image with local accentuation in areas of
i ncreased blood flow and hone turnover. This also differentiates
osteomyelitis from cellulitis.

With adequate treatment in infants and children, a return to more
or less normal appearances with growth is to be expected unless the
epiphyseal plate and epiphysis have been damaged, in which case
growth abnormalities may result. In adults, the affected bone often
remains sclerotic and irregular in outline (Fig. 36.9). Should chronic
sepsis persist, tomography may reveal persistent cloacae and sequcs-

tra. The radiographic picture never returns completely to normal in
cases discovered late (Table 36.1).

Fig. 36.9 Chronic osteomyelitis.
(A) The plain film shows mottled
medullary destruction and a smooth
periosteal reaction. (B) The radio-
nuclide bone scan shows gross
i ncrease in uptake locally. (C) On CT
scanning, gross periosteal reaction is
demonstrated, causing considerable
enlargement and sclerosis of bone.
(D) The MR scan shows the grossly
altered signal in the affected femoral
neck and greater trochanter, with
replacement of the normal bright
marrow signal on the T 1 - weighted
i mage. Cortical changes are demon-
strated and a periostitis is seen.
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Fig. 36.10 Early osteomyelitis.
(A) There is a barely discernible
radiolucency affecting the distal
shaft of the femur, but an early
periostitis is demonstrated medi-
ally and laterally. (B) The radioiso-
tope bone scan shows the extent
of the pathological change.

probably more helpful in follow-up of active osteomyelitis, as such
scans arc negative earlier than technetium scans when disease
becomes quiescent. Technetium scans remain positive for some
time even in inactive disease, as the mode of uptake depends on a
different physiological process. Gallium scans cannot distinguish
with accuracy between eellulitis and osteomyclitis.

Similar results may be obtained with in vitro indium-labelled
leucocvtes which are reinjected into the patient.

CT scanning
Though of less value in the diagnosis of acute infection, CT demon-
strates changes in subacute or chronic osteomyclitis well, especially
those related to cortical bone or periosteum (Fig. 36.1 1). Sequestra,
as on conventional films, are shown as areas of dense or high atten- Fig. 36.12 Osteomyelitis of the clavicle with an involucrum and

uation spicules of hone lying in areas of osteolysis (Fig. - 36.12). sequestrum, demonstrated at CT scanning.

Cloacae, periostitis and local soft-tissue masses are shown. These
may enhance with intravenous contrast medium.

CT-guided biopsy can he used to obtain material for culture.

Fig. 36.11 Chronic osteomyelitis. The CT scan shows the left side to be
normal, while on the right there is extreme cortical thickening and marrow
oedema of the tibia.

M RI
MRI demonstrates osteomyelitis as early as isotope scanning and,
where available, is the modality of choice in the diagnosis of
musculoskeletal infection. Using appropriate weightings, or para-
magnetic enhancement, changes in hone and soht-tissue oedema
may be identified early on. as may ischaemia and destruction of
cortex or marrow. Subsequent soft-tissue extension of pus through
cloacae and para-osseous abscesses may be seen. Central necrosis
i n abscesses may be shown. Images can be obtained in all planes
(Fig. 36.9D).

Weightings in common usage arc T i , T, and fat suppression.
Fatty marrow is bright in signal on T, studies, while the compact
cortex, having less fluid, has a low signal. Oedema and inflannua-
tory changes increase signal dramatically on T,-weighting and espe-
cially on STIR sequences (Table 36.2).

Areas that become devitalised or necrotic will show loss of
signal, and will not enhance after intravenous gadolinium.



Closed or open biopsy can be performed using for guidance
fluoroscopy, ultrasound, CT or even MR scanners. Many types of
biopsy needle arc available. Some are of very large bore and consist
of pointed trochars in a cannula which arc used to enter bone, when
the pointed trochar is replaced by a trephine with a cutting edge.
Certainly, hard hone needs a rigid biopsy needle. Infected hone or
disc, however, tends to be soft and, in practice, a fine aspiration
needle is often all that is needed. Complications using a fine needle
are usually minor. Pneumothorax and bleeding in the chest, or
bleeding from abdominal organs, are not usually serious problems.
The preference of the histologist governs the size of the sample the
radiologist needs to obtain.

Table 36.2 Signal changes with different weightings

T,-weighting T2- weighting STIR

Normal cortex Low signal Low signal Low signal
Normal medulla Very bright Less bright Low signal
Oedematous cortex Low signal Bright Very bright
Oedematous medulla Lowered signal Bright Very bright

enhancing with
gadolinium

Calcified tissues are generally better defined with CT but soft- V

tissue changes are better seen at MR scanning. While density changes
in marrow infection can he assessed at CT, MR is much better at
demonstrating the extent of pathology in bone and surrounding soft
tissues and is at least as sensitive as isotope scanning. The latter r
has the advantage of showing other possible foci of disease outside
he area of interest.

This condition is manifested by gross sclerosis in the absence of

Bone biopsy in infection
apparent hone destruction (Fig. 36.13). True examples of this con-

Bone biopsy by needle is performed in the diagnosis of both infec- dition are found occasionally, but some of the cases described in

Lions and tumours. In our radiological practise, the spine is the area the past were probably examples of o.steoid osteonxt.

most frequently biopsied: open biopsy for tissue and bacteriological
diagnosis is clearly a much more serious procedure and is generally
not the first technique to he used.

As far as infection is concerned, the aims of biopsy are: This localised form of osteomyelitis is usually found in the cancel-

1 .
tissue near the end of a long hone (Fig. 36.14). A well-circum-

To confirm the presence of infection and exclude tumour or scribed area of bone destruction has a surrounding zone of reactive
other causes of a radiological lesion. sclerosis, sometimes accompanied b y a periosteal reaction. It may

2. To distinguish the organism, both by direct microscopic
have a linger-like extension into neighbouring bone toward the epi-

examination of the aspirate and after culture. physeal plate, which, when present, is pathognomonic of infection
3. To allow correct antibiotic treatment after appropriate

sensitivities have been established.

General anaesthesia is unnecessary except in infancy or if non-
cooperation is expected. Sedation and analgesia arc adequate.
Analgesia should he both intravenous and local, including infiltration
of local anaesthesia down to the periosteum.

Fig. 36.14 Brodie's abscess demonstrated at MR. On this fat-suppression
i mage, the localised abscess is demonstrated as an area of extremely high
signal.Fig. 36.13 Garre's type of osteomyelitis.
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Fig. 36,15 ' Tunnelling' in osteomyelitis. (A) A finger-like process of osteomyelitic bone destruction extends from the main focus. This is tunnelling,
which usually indicates the presence of chronic infection. (B) In another patient, the sagittal fat-suppression MR sequence shows a vertically orientated and
fluid-filled cavity in the proximal tibia. It is well defined and has all the features of a chronic infective lesion. (C) The chronically thickened cortex together
with the central fluid-filled cavity lying within the medulla are demonstrated on this axial fat-suppression MR image.

('tunnelling') (Fig. 36.15). If a sequcstrum is present an osteoid
osteoma may be simulated.

Brodie's abscess typically enhances on the delayed isotope scan.

An osteoid osteoma enhances centrally, both on the blood-pool and
delayed scan due to its central vascularity. CT demonstrates central

necrosis and sequestration of the Brodie's abscess, even in the pres-

ence of significant local surrounding sclerosis, much as would con-
ventional linear tomography. At MR1, it is to be expected that the

central vascular material in the osteoid osteoma will exhibit

brighter signal and enhancement, while necrotic tissue in the
Brodie's abscess will not (Fig. 36.16).

Infection may complicate a fracture into the mouth, or it
may follow dental extraction. Infection via the pulp canal is prob
ably most common and follows poor oral hygiene and dental
decay.

Lesions occur secondary to scalp infection or frontal sinus suppura-

tion (Fig. 36.17).

Fig. 36.16 Brodie's abscess. The plain film was not helpful. (A) The radioisotope bone scan confirms the presence of a focal lesion in the upper cervical
spine. (B) The CT scan shows an appearance which could represent either an osteoid osteoma or a Brodie's abscess, that is, an area of osteolysis with
central sclerosis and surrounding it a well-demarcated zone of reactive sclerosis. (C) Changes at MR mirror those seen at CT in the lateral mass of C2.



Fig. 36.19 I nfective discitis. (A) The initial film shows early bone destruc-
tion beneath the end-plates around a narrowed disc. (B) The later film
shows progressive destruction of disc and bone with surrounding reactive
sclerosis.

Fig. 36.18 Bone de-
struction, sequestrum
formation and periosti-
tis follow implantation
of oral organisms after
a bite.

Spinal osteomyelitis is not common, comprising less than 10% of
bone infections (Epstein 1976), and can occur at any age. Patients

I. Amvloid disease i nfrequently complicates chronic osteomyelitis.
2. Malignant changes can follow longstanding suppurative osteo-

myelitis with draining sinuses. Increasing severity of symptoms
with rapid osteolysis raises the possibility of a tumour, either an

epithelionaa of the sinus tract or, less frequently, an osteosarcoma.

Fig. 36.17 Multiple areas of bone destruction and reactive sclerosis
(arrow) are seen in a patient with chronic osteomyelitis.

Puncture wounds of the feet are common in children and in those
societies where walking barefoot is common. Soft-tissue infections
may lead to osteomyelitis, often with destruction of joints. In the
tropics, direct implantation by mycetoma results in 'Madura foot'

(see 'Mycetoma' below). Implantation by thorns leads to a particu-
l ar lesion.

Bone infection may follow perforating injuries to the pulp space.
The distal phalanx may he involved by osteomyelitis, or local pres-
sure may cause ischacmia and avascular necrosis.

A bizarre form of osteomyelitis, often due to oral organisms,
follows bite wounds on hands or after punching the face and teeth,
with resulting perforations and implantation (Fig. 36.18).

The sacroiliac joint is occasionally affected. It may be difficult
radiologically to differentiate pyogenic from tuberculous lesions.
Ankylosis of the sacroiliac joint may result from either cause.

Osteitis pubis is a low-grade infection around the symphysis
pubis which may complicate operations on the prostate and bladder
or, occasionally, other pelvic operations.
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often have a history of skin or pelvic infections. Spread of infection
is usually to the vertebral body rather than to appendages and is
mainly blood-borne, though ostcomyelitis may follow spinal surgery.
Spread of disease from the pelvis is facilitated through Batson's
vertebral ven ous plexus which is a valveless system of veins joining

the pelvis with the rest of the axial skeleton via the spinal canal.
Flow in this valveless system ebbs back and forth with changes in
i ntra-abdominal pressure. Vertebral bodies are very vascular, espe-
cially below end-plates where large sinusoids with a sluggish blood
fl ow potentiate infection. Spinal ostcomyelitis is most common in the

l umbar region and least common in the cervical and sacral spines.

Perforating blood vessels still supply the disc in children and young
adults so that in these age groups a primary infection of the discs
can occur. Changes are most common in the lumbar spine.

I nfection usually starts anteriorly beneath the end-plate. Plain film
changes lag behind symptoms by 2-3 weeks, when a focus of osteo-
l ysis becomes visible and the cortex becomes blurred or vanishes.
Infection may he beneath the anterior longitudinal ligament, facili-
tating vertical spread, or into the disc, which is then rapidly
destroyed and loses height (Figs 36.19, 36.20). The adjacent end-
plate then also loses density and vertebral destruction begins in the
body above or below. In most patients only two bodies are involved.
and only rarely is the infection confined to one vertebral body.

Collapse of a vertebral body is accompanied by soft-tissue masses
which are easily seen against air in the larynx, trachea or lung
(Fig. 36.21). Blurring or displacement of the psoas shadows also
occurs. Kyphosis and cord compression may also follow.

Fig. 36.21 End-plate destruction with distal loss and a kyphosis is associ-
ated with facet subluxation and a large anterior soft-tissue mass (arrow).

Reparative processes can begin as early as 4-6 weeks after the
onset of radiological change if treatment is effective. Sclerotic
new bone is formed around the disc, in the bodies and at verte-
bral margins (Fig. 36.22). Dense spurs bridge discs peripherally.
Ankylosis across discs may result in fusion of bodies. If this occurs
after skeletal maturity, the sagittal diameters of vertebral bodies are
not likely to be reduced. 'Ivory vertebrae and soft-tissue calcifica-
tion are occasionally found.

Here, as elsewhere. isotape scanning detects infection of bone and
surrounding soft tissues before plain film changes are visible;
further confirmation can be obtained with indium or gallium white-
cell-labelled scans.

CT is of value in showing established disease and demonstrates tra-
becular destruction, soft-tissue masses and encroachment on the
canal and cord. Intrathecal contrast may be used in conjunction with
CT to show the relationship of a mass in the canal to the cord.

This is the most sensitive technique and is now the investigation of
choice. Cortical destruction is seen on T,-weighted studies; disc and
marrow inflammation are well shown on T,- and T,-weighted and
STIR sequences (Fig. 36.20). Soft-tissue extension is particularly
well demonstrated, as is abscess formation.

With treatment, the increase in signal on T2 -weighted studies
seen early on declines so that, when the disease is inactive, the
discal remnant is seen as a narrowed dehydrated structure of low
intensity. Persistence of increase in signal implies continuing
inflammation.

Fig. 36.20 I nfective discitis. The sagittal T,-weighted MR sequence shows
vertebrodiscal destruction at [3/4 and replacement of marrow-fat signal by
soft tissue. There is also expansion of the vertebrodiscal mass posteriorly
i nto the canal.



I nitially synovial thickening and effusion distend the joint. Fat lines
are displaced but may be blurred by oedema. Demineralisation
follows hyperaemia and immobilisation. When infection begins to
destroy cartilage, joint narrowing becomes apparent (Fig. 36.26).

I nfection occurs in both soft tissue and hone. Soft-tissue infection
may follow a puncture through anaesthetic skin and presents with
swelling and loss of fat planes due to oedema. In the presence of
;as-producing organisms, spherical latencies are seen extending
proximally. Anaesthetic ulcers show as soft-tissue defects, usually
over pressure points such as the metatarsal heads, and over the tips
and proximal interphalangeal joints of the commonly associated
claw toes. Initially painless, the ulcers involve underlying bones
with the development of osteomyelitis (Fig. 36.23). Sepsis may he
superimposed on a neuropathic lesion, so that osteoporosis and
destruction are accelerated. If skin ulceration is absent, osteo-
myclitis is unlikely to be seen.

Fig. 36.23 Diabetic ulcer. Gas is seen in the defect adjacent to the fifth
metatarsal head. The phalanges are subluxed and there is a reactive peri-
ostitis around the shaft of the proximal phalanx of the little toe. Joint infections occur at any age, but especially in children.

Staphylococcus, Streptococcus and Pneunwcoccus are common
causative organisms. Usually only one joint is affected. If more than
one joint is infected, an immune defect should be suspected or the
possibility of steroid administration queried.

A joint may be contaminated by:

I. direct intervention-following surgery, aspiration or perforating
injury

2. spread from adjacent bone (see above)
3. haematogenous spread-direct infection of synovium by septic

emboli.

This is a group of disorders in which the leucocytes are unable to
respond normally to infections, especially to those organisms that
cause chronic low-grade infections. Leucocytes are able to engulf
bacilli but cannot destroy them so that toxins are still produced.
A chronic inflammatory process results. Bones are commonly
affected. Widespread small foci of osteolysis may be found, often
abutting on to epiphyseal plates (Fig. 36.24). The lesions heal with
florid formation of new bone, both endosteally and superficially, so
that sclerosis and expansion result, often resembling malignant
tumours (Fi(, . 36.25). The lesions are usually nuultifocal and iso-tope
scans of the whole body are needed to show all the infective foci.

MRI demonstrates the inflammatory changes well on T,-weighted
and STIR sequences. Oedema is shown to be extensive in the
surrounding hone, including the epiphysis, and adjacent soft tissues.
The destructive metaphyseal lesion is well demonstrated.

Fig. 36.22 I nfective discitis with
progressive healing and reactive
sclerotic change: (A) September; (B)
October; (C) subsequent January.
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Fig. 36.24 Chronic
granulomatous disease.
(A) There is a localised
metaphyseal defect sur-
rounded by sclerosis. These
features are characteristic
of chronic infection in a
child. (B) The MR scan
confirms the presence of
l ocalised metaphyseal
abnormality with replace
ment of the local fat. There
i s a mixture of destruction
of bone, oedema and reac-
tive new bone formation at
the margin of the lesion.
(C) Same patient. The
radioisotope bone scan
shows increase in uptake in
the proximal tibial metaph-
ysic of the left knee. (D)
Coronal T, and STIR
sequences confirm the
presence of change, not
merely in the metaphysis
but also in the epiphysis.
Fluid replaces fat on both
sequences. (Courtesy of
Dr R. Phillips.)

The articular cortex becomes blurred and then eroded, both peri-

pherally and centrally, and subarticular hone is later destroyed.

Severe cases are characterised by massive destruction, separation

of bone ends, subluxation and dislocation.

During recovery, bones recalcify and in severe cases fibrous and

bone ankylosis may result. Dystrophic calcification may be seen on

occasion following pyogenic arthritis. Marginal erosions persist but

their outlines become well demarcated and sclerotic.

The hip joint in infants is especially susceptible to infection as

explained above. In neonates sepsis may he transmitted via the

umbilical vessels, often due to Streptococcus, but infection may be

directly introduced following blood sampling at the groin. In infants,

because of lax muscles around the hip and the cartilaginous nature of

the acetabulum, an effusion may dislocate the hip (Fig. 36.27). This

can be assessed even if the ossific nucleus has not appeared. Failure

to recognise acute dislocation may result in permanent deformity. In

any case, gross metaphyseal destruction is soon apparent with corti-

cal and medullary erosions. Gross sequestration rapidly occurs and

an involucrum may involve the entire femur. The femoral shaft gener-

ally heals, but the femoral head and neck may he totally destroyed,

never to appear. Deformity and shortening inevitably result. In older

children, such change is less likely as the epiphyseal plate is not

crossed by vessels. The femoral head, even if severely affected, then

reconstitutes with a flattened mushroom-like appearance similar to

old Perthes' disease or slipped epiphysis. Because of vascular com-

pression, osteonecrosis may actually complicate infection.

Fig. 36.25 Gross reactive sclerosis with
new bone formation at multiple sites is
found in chronic granulomatous disease.



Fig. 36.28 I nfective sacroiliitis. (A) There is resorption of bone and sclerosis
around the left sacroiliac joint. The radioisotope bone scan (B) shows the
i ncrease in uptake, and the CT scan (C) shows the widened joint with areas
of irregular bone destruction and soft-tissue swelling. (Courtesy of Professor
H. Carty.)

An isotope scan will be positive at an early stage. CT can be used

for biopsy but patients should not be ovcrinvestigated or treatment

delayed because of a desire to use all imaging modalities. A diagnos-

tic specimen should be obtained prior to instituting antibiotic

therapy (Fig. 36.28).

Infection at major joints may show widening of the joint and

distension of the capsule by effusion or pus. This can be assessed

b,V plain film or ultrasound, which has the advantage that it can

he followed by needle aspiration of fluid, microscopy and cul-

lure.

Fig. 36.27 Septic dislocation of the right hip.

Fig. 36.26 (A-C) Pyogenic arthritis of the hip-rapid progression of the lesion during a period of one month.

PERIOSTEAL REACTION; BONE AND JOINT INFECTIONS; SARCOID 1165



1166 A TEXTBOOK OF RADIOLOGY AND IMAGING

MRI is probably the investigation of choice in the early diagnosis
of septic arthritis, where effusion and bone oedema are clearly seen.

Fig. 36.29 Tuberculosis of femur-large metaphyseal focus.

Fig. 36.31 Tuberculous discitis. (A) The changes on
the plain film are really quite similar to those that
would be seen with a simple infection. There is distal
destruction associated with irregularity of the overlying
end-plates and some reactive new bone formation.
There is perhaps a suggestion on the plain film that a
soft-tissue mass is demonstrated anterior to the verte-
bral bodies. (B) The MR T,-weighted axial image
shows the end-plate defect seen so well on the plain
fil m but, in addition, psoas abscesses with central
necrosis are demonstrated.

Radiographic appearances
The diagnosis is usually made after considerable delay and radio-
graphic changes are seen at presentation, in contrast to pyogenic
i nfections where radiographic changes occur 2-3 weeks after clini-
cal presentation.

The metuplnsi.r i s the site of election: an oval or rounded focus
will be found which soon crosses the epiphyseal line (Fig. 36.29).
No surrounding sclerosis is to be expected. Sequestra are small and
are absorbed by granulation tissue. Though slight periosteal reaction
may be found if the local lesion is subcortical, this is not a prominent
feature. The initial focus may sometimes be sited in the epiphysis.

column is affected in 50r/c of cases. Lesions are usually single.
though multifocal cystic osseous tuberculosis is described.

Certain features are relatively common. The tuberculous reaction

i s destructive and accompanied by pus which may later become
calcified. Calcification of abscesses is rarely seen currently if anti-
biotic treatment is adequate. In contradistinction to pyogenic
osteomyclitis, neither sequestration nor periostitis is a prominent
feature. Abscesses often point to the skin and a sinus track may be
demonstrated after injection of contrast medium.

Fig. 36.30 Tuberculous focus in greater trochanter. This type is less
common than a surface erosion.

Though the incidence of skeletal tuberculosis has fallen markedly
i n recent years, the disease has not yet been eradicated. One-third of
our present-day patients are immigrants to Britain; they tend to
produce unusual disease patterns which will be described later.

Haematogenous spread of infection to the skeleton is assumed to
be from the lung and may occur at the time of primary infection or
later from postprimary foci. Chest radiography, however, shows
active disease in less than 50°lc of cases, the organism presumably
having laid dormant and become active later. The bacillus lodges in
the spongiosa of' the metaphysis of a long hone. but the vertebral
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gibbus will appear, and some scoliosis may also occur. Abscesses
form early and are easily seen in the thoracic region in contrast to
the radiolucent lungs (Fig. 36.32). In the lumbar region, lateral

bulging of the psoas outlines may be demonstrable. Abscesses may
track widely and may become calcified. They may sometimes be
intraosseous and subsequently calcify (Fig. 36.33). Rib crowding
may he seen, even on a chest radiograph, if vertebral bodies

collapse.
It is often difficult to differentiate between tuberculous and

pyogenic spondylitis, especially if the patient is Caucasian. Clearly,
tuberculosis must always be suspected if the patient is of African or
Asian origin. Reactive new bone formation is much less pronounced
in tuberculous disease, so that sclerotic osteophytes are unusual.
Discs are destroyed early with simple infections and later in tubercu-
losis. Calcification, where present, indicates tuberculosis.

The lesions generally respond rapidly to antibiotics, but before
antibiotics were introduced, gross destructive lesions were common,
and the affected vertebral bodies frequently became fused.

The subperiosteal type of infection begins anteriorly under the
periosteum and spreads under the anterior common ligament. Disc
destruction may be late and the anterior erosions difficult to detect.

Aortic pulsation, transmitted through an anterior paraspinal
abscess between T4 and TIO, may cause the vertebral bodies to
become deeply concave anteriorly (Fig. 36.34). This process does
not affect the intervertebral discs. An aneurysm causes similar
changes by direct pulsation.

This is a common site, particularly in adolescents and young adults.
The lesion may start in the bone or in the overlying hursa. The
erosion may be deep, but often it is superficial and difficult to
detect: sometimes it may be cystic (Fig. 36.30).

Roughly half the cases of osteoarticular tuberculosis seen in the UK
occur in the spine. Most lesions occur in or below the midthoracic
spine and involvement of the cervical and upper thoracic spine is
uncommon. All ages may be affected.

Lesions of the diaphysis are rare, and even rarer is the multiple
cystic type of lesion.

Vertebral bodies may be first affected in three places-at the upper
or lower disc margin, in the centre, and anteriorly under the peri-
osteum. The disc substance is often eroded. Two or more vertebrae
may be attacked. Tomography may show the lesion to be more

extensive than it appears from examination of plain films. Since the
anterior parts of the vertebrae are most affected, a local kvphos or

Fig. 36.32 (A) The plain film shows features which are typical for spinal tuberculous disease. There is an extensive paraspinal soft-tissue mass. Detail in
the underlying spine is poor but there is early crowding of ribs posteriorly, indicating early vertebral collapse. (B) Coronal MR i mage of the thoracic spine
demonstrates destruction of the intervertebral disc at the point where the paraspinal widening is maximal and this change is associated with alteration of
signal from the vertebrae. (C) The sagittal fat-suppression image shows increase in signal in adjacent vertebral bodies together with anterior and posterior
soft-tissue masses, the latter indenting the spinal canal and compressing the adjacent cord.



Fig. 36.33 Tuberculous spondylitis has healed with calcifying psoas
abscesses and angular kyphos.

In black-skinned patients. tuberculous spondylitis has a some-
what different presentation. Often, only one vertebra is involved,
with conspicuous preservation of adjacent discs, even if the body is
totally destroyed or flattened. Occasionally, vertebra piano results
(Fig. 36.35). Sclerosis and new bone formation is a feature of the
disease in black-skinned patients, as in pyogenic spondylitis. More
importantly, the posterior elements are frequently involved, espe-
cially in the lumbosacral and thoracolumbar junctions, often with
huge abscesses (Fig. 36.36). The cervical spine is also more fre-
quently involved than in white-skinned patients, with dysphagia or
paraplegia as complications. Multiple lesions are also more common.
Additionally, involvement of the spinal column follows gibbus for-
mation or extrusion of granulation tissue into the canal.

Fig. 36.36 A large abscess displaces the right ureter medially and
destroys the right transverse process and adjacent part of the body of L5.
Two and a half pints of tuberculous pus were removed at operation.

This lesion is sometimes seen in the UK immigrant population. The
affected phalanx is characteristically widened by medullary expan-
sion (spiny ventosa), whereas in syphilitic dactylitis the bone is
widened by the production of cortical new bone (Fig. 36.37).Fig. 36.34 (A, B) Anterior subperiosteal type of Pott's disease.

Fig. 36.35 Spinal osteomyelitis in a Saudi Arabian patient showing verte-
bra plana with preservation of the disc and end-plates.
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Fig. 36.37 Typical spina ventosa of the proximal phalanx of the
forefinger. (Courtesy of Dr D. J. Mitchell.) Fig. 36.39 Synovial tuberculosis of left knee-note synovial effusion,

osteoporosis, blurring of trabeculae and accelerated maturation of bone
ends (normal right knee for comparison).

Early radiographic signs in synovial lesions are non-specific and
will be manifested by capsular thickening, synovial effusion and
surrounding osteoporosis. Later, continued hyperaemia will cause
accelerated maturation of bone ends and epiphyses if infection
occurs in children. Bony trabcculae become blurred and the cortex
thinned (Fig. 36.39).

The bone ends eventually become affected. Local marginal or
surface erosions may appear (Fig. 36.40). Loss of joint space will
ultimately occur, but this is not as prominent a feature as it is in
pyogenic arthritis. Sometimes one-half of a joint will be affected
and bony erosions seen on contiguous bony surfaces.

The advent of antibiotics has changed the picture considerably.
Patients usually respond well to treatment so that only the earlier
phases are now seen. Formerly such sequelae as subluxation and
ankylosis of joints, severe hone atrophy and tracking abscesses
were common.

Joint tuberculosis is now rare in Caucasian patients in the UK,
but still occasionally seen in immigrant groups in whom a destruc-
tive lesion of bone and joints is more likely to be due to tuber-
culosis than simple infection. Diagnostic aspiration should be
performed. In Africa and Asia, however, the lesions are treated

Fig. 36.38 Tuberculosis of the skull vault. The fairly well defined lytic
lesion was a solitary finding but these changes are often multiple. Note the
gross tunnelling.

Tuberculous lesions are rare in the skull, except in UK immigrants.
They may he localised and well defined, resembling eosinophilic
ganuloma, or they may be more diffuse (Fig. 36.38). Overlying
cold abscesses are generally associated.

Tuberculous arthritis usually affects major joints-the hip and knee
especially. Multifocal infection is rare. Infection may be synovial or
secondary to bony disease. The latter is facilitated as the epiphyseal
plate apparently offers little resistance to tuberculosis.

Fig. 36.40 Tuberculous ero-
sions of margins of medial tibial
condyle and lateral femoral
condyle (arrows).



i mmediately by chemotherapy as osteoarticular destruction is
assumed to be tuberculous (Martini 1988).

This is a common site: lesions may arise in the acetabulum, syn-
ovium, femoral cpiphysis or metaphysis. Sometimes infection
spreads to the hip from foci in the greater trochanter or ischium. All
degrees of bone loss of the femoral head and neck could he found
( Fig. 36.41). A frequent finding was the pointed `bird's beak'
appearance with intrapelvic protrusion.

With synovial infection in childhood, effusion, osteoporosis and
accelerated skeletal maturation are seen (Fig. 36.39). Overgrowth
l eads to modelling abnormalities, with big bulbous squared epi-
physes, so that the appearance resembles that seen in jurenile
chronic arthritis and haemophilia.

Fig. 36.42 Tuberculosis of shoulder-note lesions of humerus and
glenoid and also lung.

The humeral head, the glenoid, or both, may he affected (Fig. 36.42).
Sometimes a lesion in the humcral head is large and cystic in
appearance and may resemble an osteoclastoma.

Some tuberculous shoulder lesions run a relatively benign course
without pus formation-caries sicca. I n such cases a relatively
small pitted erosion is seen on the humeral head. These may resem-
ble degenerative changes.

All carpal hones tend to be attacked in the adult, whereas more
localised lesions are the tendency in children. This is possibly due

Fig. 36.41 Tuberculous
arthritis. (A) The plain film
shows destruction of the
articular surfaces on both
sides of the hip joint, with
narrowing of the joint space
and subarticular cyst forma-
tion. (B) At arthrography
the presence of an irregular
and shrunken synovial
capsule is demonstrated.
Defects are shown in the
acetabulum and on the
femoral head. Infection has
resulted in a restrictive cap-
sulitis and destruction of
cartilage and bone.

Fig. 36.43 Soft-tissue
swelling around the wrist
with evidence of a wide-
spread synovial abnormality.
Bone and cartilage are
destroyed. Osteoporosis is
seen at the metacarpopha-
l angeal j oints. The
metacarpal shafts however
remain normal in density.
The fifth metacarpal shaft
has a periosteal reaction.
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This joint is affected more often in young adults than in children.
Only occasionally is the condition bilateral. Subarticular erosions
cause widening of joint space. The infection is usually associated
with abscess formation over the back of the joint and, later, pus
may calcify. Tuberculous infection of the spine is a frequent
accompaniment.

Very few cases of syphilis of bone are now seen in the UK, yet up
to the time of the Second World War it was a condition that merited
serious consideration in the differential diagnosis of most condi-
tions of bone. In this section merely a summary of the findings is
presented, and illustrations are selected with a view to emphasising
the protean pattern of the lesions.

Lesions may be found in infants whose serological reactions are
negative, especially when the mother is receiving treatment. They
may appear early, i.e. from birth to 4 years, or later, i.e. between the

ages of 5 and 15 years.

The lesions may be widespread and usually symmetrical. Generally
they are best shown in the lower ends of the radius and ulna and
around the knee. Changes are:

I. Periostitis. This is the commonest feature and is seen either as a
thin layer or as more marked laminated layers. Marked
thickening on the convexity of a diaphysis may he seen in later
cases as, for example, in the so-called 'sabre tibia'.

2. Metupirvsitis. There may be irregularity of mctaphyses, and
metaphyseal fractures may occur (Fig. 36.46).

Fig. 36.44 Old tuberculosis of the carpus. No doubt this occurred rela-
tively early on in life as the metacarpals are shortened. The carpal bones are
fused following widespread osteoarticular destruction. The tuberculous
origin of the lesion is shown by soft-tissue and bone calcification on the
l ateral view.

to the relatively thicker articular cartilage in the latter. With carti-
l age destruction the carpal hones become crowded, and even if' ini-
tially one bone is the focus of irregularity, the destructive process
soon involves adjacent bones. Intense demineralisation is found
t hroughout the carpus and distal radius and ulna, within the
confines of synovium. Demineralisation is often also pronounced at
distal s mall joints of the hand, with relative preservation of
metacarpal and phalangeal shaft density. However, these joints are
not eroded as in rheumatoid arthritis.

End-stage disease is often shown by total bony fusion and the
presence of foci of dystrophic calcification, either within the hone
or in the adjacent soft tissues (Fig. 36.44).

Fig. 36.46 Con-
genital syphilis-
some i ncreased
density with sub-
j acent translucent
zones at lower ends
of femora. Meta-
physeal fractures are
shown.

Fig. 36.45 Tuberculous
sacroiliac joint-extensive
destructive lesion.



Fig. 36.47 Gumma of the
l ower femoral shaft. Note
bone destruction and
periosteal reaction.

This disease is a non-caseating granulomatous disorder commoner
i n young adult males and especially in patients of black African
descent. Changes in the skeleton are moderately common, occurring
i n up to 15% of cases. The hands and feet are far more commonly
affected but any bone may he involved; lesions in the skull, verte-
brae and long hones have all been described. Though the granulo-
mas usually cause lysis of bone, often resembling tuberculosis,
sclerosis occasionally results. Radionuclide scanning detects early
bone lesions with greater sensitivity than plain radiographs.

Fig. 36.49 Gummatous osteomyelitis of the skull.

This may occur as a localised or as a diffuse lesion. The localised
lesion is termed a gwnma (Fig. 36.47), but a more diffuse lesion is
often referred to as `gumnmtous osteitis' (Figs 36.48, 36.49).

Sclerosis is generally found; irregularity of hone trabeculation is
often apparent. Syphilis causes a combination of destruction and
proliferation of hone.

It is important to remember the possibility of syphilis when pre-
sented with an atypical hone lesion.

This sign may be seen as a simple laminated periosteal reaction
or as a more exuberant lace-like appearance. Bony spiculation at
right angles to the shaft is rare, but when it occurs, it may mimic a
neoplastic lesion.

Any bone may be affected by this condition. Radiological manifes-
tations comprise periostitis and osteomyelitis.

3. Osteitis or osteomyelitis. Erosions on the upper medial surfaces
of the tibiae are very characteristic of congenital syphilis.
Sometimes more diffuse osteomyelitis of single hones is seen.
Syphilis is a productive lesion, so sclerosis will be found
frequently in such lesions.

4. Sephilitic dactylitis i s rare; it resembles tuberculous dactylitis.
5. Skull lesions may be purely sclerotic or may present as a

combination of sclerosis and osteolysis. In purely sclerotic
lesions, new bone may be laid down in the frontal and parietal
regions, so producing the `hot cross bun' skull.

Fig. 36.48 Syphilitic osteomyelitis of the
humerus. (Courtesy of Dr W. Fowler.)



Fig. 36.51 Sarcoid. (A)
Multiple foci of sclerosis are a
recognised, if uncommon,
feature of sarcoid. (B) Sclerotic
change in sarcoidosis demon-
strated at CT scanning.

Fig. 36.52 Brucellosis. Vertebro-distal destruction with florid new bone
formation are characteristic features of this disease.

Fig. 36.50 Sarcoid-foot showing typical pseudocysts and absorption of
tufts of distal phalanges.

I. Punched-out, well-defined areas of lucency in the phalanges.
These are probably due to deposition of sarcoid tissue but, as in
granulomatous leprosy (see below), the nutrient foramina are
also said to be enlarged.

2. A more diffuse, reticular, lace-like pattern of resorption permeat-

i ng the hone, described as a lattice-like appearance (Fig. 36.50).

3. Resorption of distal phalanges and of cortical bone along
phalangeal shafts. Cortical resorption vaguely resembles that
seen in hyperparathyroidism .

4. Sclerosis, which may be widely disseminated (Fig. 36.51).

5. Periosteal reaction.

6. Soft-tissue nodules far commoner than bone changes.
7. Periarticular calcification due to hypercalcaemia, which occurs

in 20-45% of cases of Sarcoid.

This disease is more prevalent in the UK than was once thought.
Transmission is from unpasteurised milk or by direct contact with

An arthritis is a common manifestation of sarcoid, occurring in up to
37% of patients, most commonly in females. In the acute form, joint
destruction does not occur hut, in chronic disease, a destructive
arthropathy of large joints does rarely occur due to local granulomas.
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Fig. 36.53 Hydatid disease. (A) Bone destruction with the formation of large cysts
around both sides of the hip joint are a classical feature of osseous hydatid. Sequestra
can be seen. At CT scanning (B) and MRI (C), the cystic nature of the lesions is demon-
strated, together with destruction of the hip joint from both sides.

3. Right side of the pelvis and lumbar spine. Infection spreads to

these bones from ilcocaccal foci. Spinal lesions are usually
accompanied by paravertebral abscesses. The disc is usually

spared.

Very rarely, destructive metastatic foci are found in other hones.

Hydatid disease is rare in the UK and in less than 2% of affected
patients is hone involved. The pelvis, spine and proximal long hones
are usually involved. The disease is found in sheep-farming areas.

The enlarging cysts in bone absorb trabeculae and spread along
the medulla, thinning the cortex and expanding the bone. Later, the
cystic lesions become well defined, so that fibrous dysplasia may be
simulated in long hones.

Around the hip joint, both the acetabulum and femoral head and
neck are destroyed by large cystic lesions (Fig. 36.53). Fusion may

result.
I n the spine, the cysts break out of the cortex, forming large

paraspinal masses which do not calcify but do cause paraplegia
(Fi( , . 36.54). The appearance may resemble dumb-hell tumours in
neurofibronuatosis.

This disease, which has more or less been eradicated, may still he
seen in chronic cases. It was prevalent in the Caribbean, Indonesia
and parts of tropical Africa and South America, and is due to a non-

Bony lesions due to this disease are rarely seen. They usually result
from direct extension of soft-tissue lesions. Manifestations may be
seen in the following sites:

1. Mandible. Chronic osteomyelitis arises by direct spread from
oral infections and infected cervical glands. The lesion appears
to be irregularly destructive.

2. Ribs and thoracic spine. Destructive foci and periosteal reaction
i n these bones arise from pleuropulmonary lesions.

affected animals. Bruce/lus melitensis i nfects sheep, Br abortus
i nfects cattle and Brr suis pigs.

The hones are affected in 10°h- of cases, most often the spine and
especially the lumbar region. Widespread granulomatous lesions may
be present:

I. Spinal lesions. These bear a marked resemblance to other forms
of osteomyelitis. Focal sclerosis develops to a marked degree
around the end-plate (Fig. 36.-52). The disc is rapidly destroyed
and adjacent vertebrae rapidly affected. Healing is by the
production of extremely large, coarse and shaggy bridging

osteophytes.
2. Changes in other hones. The radiographic appearances resemble

those of subacute osteomyelitis.
3. Changes in Joints. These resemble the changes of s.vnovial

tuberculosis. I n advanced cases erosive lesions may be
seen.

In obscure and atypical bone infections, it is always advisable to
test samples of the blood and of the synovial fluid of affected joints
for agglutination reaction for brucellosis, and also for the typhoid
and paratyphoid group of bacilli.



Fig. 36.55 Yaws-moderately early
stage, showing destructive areas and
much periosteal new bone formation.
The appearances of the small destructive
foci in yaws have been likened to the
effects of a borer beetle. (Courtesy of
Dr A. G. Davies.)

Fig. 36.56 Leprosy. Some small 'cysts' are seen, e.g. in the head of the
proximal phalanx of the fifth finger-this condition is sometimes called
' osteitis multiplex cystica leprosa'. The end-results of lepra granulomas are
seen in the heads of the proximal phalanges of the third and fourth fingers.
(Courtesy of Dr. D. E. Paterson.)

Fig. 36.54 This patient had never been outside England but had hydatid
disease of the spine. Note the large paraspinal soft-tissue mass.

venereal infection by 7reponema pertenue. As the disease is not
transmitted to the fetus, congenital yaws does not occur, but chil-
dren become infected. Infection usually occurs through a cut or
abrasion. Bony changes are seen in the secondary and tertiary
stages: these are usually indistinguishable radiologically.

Any bone may be involved. The distribution may be random, but
there is a tendency to symmetry. In the early stages, multiple, small,
rarefied areas of bone destruction are shown with overlying peri-

This disease has a widespread geographical distribution, occurring
in Egypt, Africa, Asia, the Caribbean and Pacific Islands. It is also
seen in the UK's immigrant population. The lesions seen radiologi-
cally mostly affect the hands, feet and face, and are caused by
infection by Mycobacterium leprae. This bacillus is of low infectiv-
ity and prolonged exposure is needed. The nature of the disease
depends on host resistance. The incidence of bony change in
leprosy may be around 15%.

Three types of bony lesions are found:

1. Specific changes of osteitiss leprosa (15%). Granulomas cause
areas of focal cortical or medullary bone destruction. The
lesions may be rounded or may infiltrate, giving a lacy pattern

osteal new hone (Fig. 36.55). The hand may be especially affected.
Larger areas of destruction occur in the skull and long bones, often
with marked surrounding reactive sclerosis and new bone forma-
tion. Periostitis along the shaft, and softening of bone due to
osteitis, lead to the sabre tibia deformity.

I n the skull, gummatous lesions cause foci of osteolysis while
slowly growing masses arising from the premaxilla produce a dense
hyperostosis known as goundou. Gangosa, another manifestation
of yaws, is an ulceration of the face causing severe necrosis of sub-
jacent bone.
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just as in sarcoid. In addition, medullary nutrient foramina
enlarge (Fig. 36.56).

2. Non-specific leprous osteitis (50%). In these patients Hansen
bacilli are rarely found in the marrow. Neuropathic resorption
gives a `licked candy stick' appearance with bone loss both
longitudinally and circumferentially (Fig. 36.57). In addition,
Charcot-like changes take place in the tarsus. These patients
have abnormal, thickened nerves and arterial occlusions. An
abnormal stance potentiates this bone resorption in the
denervated weight-bearing foot.

With anaesthesia, plantar ulceration and bone and soft-tissue
i nfections are superimposed, so that pyogenic osteomyelitis is
common in these patients. These changes are superimposed
upon those of the neuropathic osteopathy.

3. A diffuse osteoporosis i s seen which is non-specific. Nerve
calcification is occasionally seen.

This common lesion found throughout the tropics may also be seen
in immigrants to the UK. Chronic indolent skin ulcers cause sec-
ondary bone changes, usually in the tibia or fibula. Periostitis is
seen early in various forms, for example linear, onion-layer, lace-
work and spicular. In very chronic cases, much dense cortical new
bone is deposited and the final picture resembles that of an ivory
osteoma (Fig. 36.58).

This is a chronic granulomatous condition caused by a fungus and
found in the south-western parts of the USA. The lesions are

Fig. 36.58 Tropical ulcer. (A) Extensive osteomyelitis is seen in the under-
lying tibia. (B) Osteoma-like lesion on the front of the tibial shaft-a late
sequel of tropical ulcer.

multiple and are most commonly found in the spine, pelvis, hands
and feet. The bone lesions have the appearances of acute and
chronic osteomyelitis; the joint lesions are similar to those found in
tuberculou.s arthritis. The more frequent intrathoracic lesions of
coccidioidomycosis are described in Chapter 5.

Mycetoma implantation occurs mainly in the (bare) feet in semi-
desert regions throughout the tropics. The skull and knees may also
be implanted, usually by thorns. Different organisms are found in
different regions-M. mycetorna in the Middle East, Africa and
India, and S. soomaliensis and pelletieri in the Sudan. Lesions due to
M. mycetorna are usually localised as large, well defined black
fungus balls, which can be seen on soft-tissue radiographs. These
erode the cortices and cause cystic defects in the medulla. Madura
foot results (the lesions were first described in that region of India).
With superadded infection via the implantation track, gross bone

Fig. 36.57 Leprosy. 'Cup and pencil' or 'licked candy stick' appearances destruction results (Fig. 36.59). Reactive sclerosis and a shaggy

demonstrated associated with thickening and irregularity of the soft tissues, periostitis with bone resorption give an appearance likened to
presumably the result of chronic infection in the soft tissues. ` melting snow'. With S. pelletieri, diffuse infection occurs earlier



Fig. 36.60 Ainhum, showing progression of the lesion in an African

Immigrant. (B) was taken two years after (A).
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These rings cause similar congenital lesions of hands and feet, often
i n association with club foot.

This is seen in 2% of the Nigerian population. The local word avan,

from which ainhum is derived, means to saw or file-and a pointed
fifth or, less commonly, fourth toe is found (Fig. 36.60).

A groove begins on the medial side of the base of the toe which
deepens. This can be identified radiologically. As the constriction
deepens, autoamputation occurs, leaving a pointed proximal phalanx
of the little toe.

but the end-stage appearances after secondary infection are usually
similar.
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normal or increased density, while immobile but vascular hone
l oses density. The avascular proximal pole of the scaphoid is
dense after waist of scaphoid fractures.

Stage 3 At large joints-hips, shoulder. knee--a subcortical
necrotic zone of transradiancy and trabecular loss beneath a thin
and sclerotic cortex is shown (Fig. 37.1 ). This results in structural
failure in subarticular bone at areas of maximal stress with cor-
tical microfractures followed by collapse and trahecular compres-
sion (Fig. 37.2).

Stage 4 A flattened articular surface results with increased sub-

articular density as trabeculae are compressed (Fig. 37.3).

The term `osteonecrosis' implies that a segment of bone has lost its

blood supply so that the cellular elements within it die. The phrase
aseptic necrosis' indicates that infection generally plays no part in
the process, though a sequestrum is also necrotic and avascular.

Fig. 37.1 Avascular necrosis. The cortex is thin and dense. There is a
subcortical zone of demineralisation. The head also shows a zone of creep-
i ng substitution, seen as a serpiginous area of increase in density around the
i nfarcted area.

Stage I No changes are visible.

Stage 2 Disuse, for instance following immobility, leads to
osteoporosis, except in devitalised avascular bone which is now

devoid of osteoclasts and ostcocytcs. Avascular areas are of

I schacmia of bone follows occlusion of arteries or veins and is

Therefore dependent on the anatomy of the blood supply to a given
bone (a rise in venous pressure eventually arrests arterial supply).
hchaemia results in death of haemopoietic tissue within 6-I2
hours of the osteoclasts, osteoblasts and osteocytes within 12-48
hours; and of marrow fat in 2-5 days. Empty osteocyte lacunae
indicate death of hone. Dead bone at this stage is radiologically
normal since the trabecular framework remains intact.

Revascularisation is seen at the live marrow-dead marrow
interface. The necrotic zone is invaded by capillaries, fibroblasts
and macrophages. Fibrous tissue replaces dead marrow and in

t urn may calcify. New osteohlasts lay down fresh woven bone on
t he devitalised traheculac. This advancing front of neo-vaseulari-
uttion and ossification has been termed 'creeping substitution'
Phemister).
At hone ends, cartilage receives nutrition from synovial fluid.

Cartilage and subcartilaginous hone are not therefore necessarily
at affeeted.



Fig. 37.2 Early collapse of the right femoral head is demonstrated. The
superior contour shows flattening. Creeping substitution is also demon-
strated here.

Fig. 37.4 Sickle cell disease. There is widespread sclerosis of bone follow-
i ng infarction. The hip joint space is narrowed and the femoral head has
migrated superolaterally. This may be the result of infection. A split cortex
or bone-within-a-bone appearance is seen within the proximal femur
(arrows).

Changes in the isotope scan reflect the stages of the disease from
photopenia in early avascular necrosis to increase in uptake when
healing with vascular ingrowth takes place (Fig. 37.6).

Fig. 37.3 Avascular necrosis. Structural failure with fractures of both
femoral heads. There is subarticular cyst formation and sclerosis resulting
from trabecular compression.

Stage S Osteoarthritis with joint space narrowing follows later.

In the diametaphysis and subarticular regions, the infarcted area is
surrounded by a serpiginous line of sclerosis, representing the
advancing front of new bone laid down on the old trabecular frame-
work. The central area within the infarct may look relatively lucent,
or may actually be the site of osteoclastic resorption, but it may
also contain foci of added density representing dystrophic
calcification in debris (Figs 37.2, 37.3).

I n some diseases following infarction, a `hone within a bone' or
split cortex' is seen as a linear density lying within and parallel to

the healthy cortex. This probably represents the old infarcted cortex
left behind by processes of growth and remodelling beneath the
vital periosteum. This change is seen in Gaucher's and sickle cell
disease, and following osteontvelitis ( Fig. 37.4).

Epiphyseal abnormalities I nfarcts at growth plates, for instance
i n the hands and at the vertebral end-plates in sickle cell disease
(Fig. 37.5), cause local arrest of growth or may result in `cone'
epiphyses or premature fusion. The latter also occurs after irradia-
tion, infection or trauma.

Infarcted bone, for example following irradiation, is susceptible
to fractures. This is seen in the ribs following irradiation for breast

cancer and in the femoral necks after pelvic irradiation, though it is
less common nowadays.

Fig. 37.5 End-plate infarcts in sickle cell
disease. Failure of growth following infarction
of end-arteries in the vertebral body results in
horizontally aligned defects (arrows), as
opposed to the more usual concave defects
seen as a result of bone softening.
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Fig. 37.8 Avascular necrosis. Changes are demonstrated on T 1 - and T2-
weighted images on both sides of the joint. Areas of infarcted bone are
demonstrated surrounded by fluid. There is also an effusion in the joint.

A serpiginous zone of low signal on T 1 - and T,-weighted images
develops around the avascular area, internal to which a zone of
bright signal may be seen on T,-weighted images; this represents
oedema or vascularity (Fig. 37.7). Haemorrhage, cyst formation,
fibrosis and collapse of bone alter the shape and signal in the
femoral head. Haemorrhage and cysts are of intermediate signal on
T,-weighting, but bright on T 2 - weighted and STIR sequences.
Sclerotic hone radiologically is of low signal on all sequences.

Anatomical changes of bone collapse and deformity may he seen
on plain radiographs, CT and MR scans, but MRI is the most sensi-
tive modality in the diagnosis of early disease. Sagittal, coronal and
axial images allow optimal assessment of the extent of the disease.
The vascular response in healing can also be assessed (Fig. 37.8).

Fig. 37.6 Radioisotope bone scan in avascular necrosis. Increase in
uptake is demonstrated around the infarcted area, indicating healing at the
margins of the infarct.

Vascular insufficiency to bone is of three types.

I. Interruption to the fort of blood to bone most commonly
follows trauma with tearing of blood vessels.

2. Emboli or sludging. This occurs in sickle cell disease where
abnormal red cells aggregate; in puncreatitis where fat emboli
obstruct vessels: and in decompression disease where possibly gas
bubbles occlude small vessels. Vasculitis, in collagen disorders and
following irradiation, also occludes small vessels.

3. Intraosseous compression of vessels occurs in Gaucher's

disecise, where masses of Gaucher cells pack marrow spaces.

Steroids and non-steroidal anti-inflammatory drugs are associated
with bone necrosis.

Pain relief and euphoria associated with prolonged dosage lead to
overuse of often already damaged joints and a Charcot-type lesion
results with bone loss and eburnation. Similar changes may follow
alcohol abuse. In addition, steroids cause vasculitis and marked sub-
cortical osteoporosis which further potentiates bone collapse.

Fig. 37.7 Avascular necrosis. Coronal T 1 - weighted images of the hip
showing a serpiginous zone of low signal around the avascular areas.

MR scanning is the most sensitive and accurate means of detecting
changes in avascular necrosis. Sensitivity and specificity for avascu-
lar necrosis approach 1 00%, while false-negative isotope scans
occur early on in the disease.

Changes at MRI are usually seen in the anterosuperior segment
of the femoral head. Initially, bright signal remains in the affected
area but subsequently, after a week, this decreases corresponding
to progressive lymphocytic infiltration and fibrosis. Radiographs
remain normal.

Osteochondritis is a disease of epiphyses, beginning as necrosis and
followed by healing. The term 'osteochondritis' is used to describe



Femoral head
Tarsal navicular

Metatarsal head

Lunate

Tibial tubercle

Lower pole of patella

Calcaneal apophysis

Vertebral body epiphysis

Ring-like epiphysis of vertebra

Primary aseptic necrosis
? Primary aseptic necrosis
? Necrosis following fracture

? Primary aseptic necrosis
? Necrosis following fracture

? Necrosis following fracture
? Primary aseptic necrosis

Necrosis following partial avulsion of patellar tendon

Necrosis following partial avulsion of patellar tendon

Necrosis following partial avulsion of tendo-Achillis

Eosinophilic granuloma

Disc herniation through defective end-plate

Legg-Calve-Perthes
Kohler's

F rei be rg's

Kienbock's

Osgood-Schlatter

Sinding-Larsen

Sever's

Calve's

Scheuermann's

CauseDisease Site

Reproduced from J.K. Davidson (ed.), Aseptic Necrosis of Bone, by kind permission of Dr. Mary Catto, and Excerpta Medica, Amsterdam.

Table 37.1 Types of eponymous osteochondritis

*General accepted contributory factor.
**Commonly reported associated factor.
Reproduced from 1. K. Davidson (ed.), Aseptic Necrosis of Bone, by kind
permission of Excerpta Medica, Amsterdam.

Hyperlipaemia**
Hypertension
Hypertriglyceridaemia**
Hyperuricaemia**
I mmobilisation
I mmunosuppressive therapy*
Irradiation*
Microfractures
Mitral insufficiency
Myxoedema
Obesity
Pancreatitis**
Peripheral neuropathy
Peripheral vascular disease
Periarteritis nodosa
Pregnancy
Systemic lupus erythematosus**
Thermal injuries*

Burns
Electrical
Frostbite

Trauma*

Alcoholism**
Arthropathy

Rheumatoid arthritis**
Psoriasis
Neuropathic
Osteoarthrosis

Clotting defects
Convulsive disorders
Cushing's syndrome*
Decompression syndrome*
Diabetes**
Endocarditis
Fat embolism**
Giant cell arteritis
Gout**
Haemoglobinopathy*
Haemopoietic disorders*

Haemophilia
Gaucher's disease
Histiocytosis
Polycythaemia

Hyperadrenocorticism*
Hypercholesterolaemia

Box 37.1 Conditions associated with spontaneous aseptic
bone necrosis

A few patients with this syndrome (up to 7%) develop changes of
Perthes' disease. The affected children present with acute hip pain
and often fever and a raised ESR. Most cases resolve with simple
bed rest, but prolonged immobilisation and traction may be
necessary. Other causes of acute hip pain-infection or juvenile
arthritis-must be excluded.

The initial examination of the painful hip in a child should be an
AP radiograph. This will exclude gross pathology, but may show an
effusion with joint space widening and fat plane displacement. A
` frog' or lateral view may exclude early avascular necrosis or
slipped femoral capital epiphysis. Ultrasound should he performed
to exclude effusion or infection and, if necessary, can be followed
by hip aspiration.

This condition is commoner in boys than girls (M : F = 4 : I) and
most cases present between 4 and 9 years of age. The age of onset
is earlier in girls and the prognosis worse.

Bilateral disease is even more common in boys (M : F = 7 : 1)
but the disease is rarely symmetrical. If symmetry is present,
hvpolhvroidism or multiple epiphvseal dvsplasia should be
excluded. There is no increased familial incidence, but parents of
affected children are often elderly. Many of the affected children
have a below-average birthweight and, at presentation, show skele-
tal growth retardation in the hands. This is especially seen in boys.
There is an increased incidence of associated congenital anomalies,
i ncluding congenital heart disease, pyloric stcnosis, hernia, renal
anomalies and undescended testes.

Following ischaemia, the ossific nucleus of the epiphysis necroses,
causing growth arrest. The overlying cartilage, which is supplied
by synovial fluid, survives and thickens especially in the non-
weight-hearing regions, medially and laterally. Dense, necrotic
bone resorbs and is slowly replaced by vital bone. The pre-disease

the lesions but is a misnomer, as: (i) there is no inflammation; and
(ii) cartilage is not primarily involved. Over 40 sites have been
described and all have eponyms which are too closely associated
with the lesions to be currently abandoned (Table 37. I ).

The mechanism of pathological change is not identical at all
sites. Some changes. such as in Perthes' disease, are generally
regarded as being due to vascular occlusion. The mechanism for
this is not clearly understood, especially as in some patients an
osteochondritis affects more than one epiphysis. At other sites-the
tibial tubercle and the lower pole of patella-tendons avulse hone
which subsequently necroses. Vertebra plana follows eosinophilic
granuloma. Adolescent kyphosis may follow distal herniation into
end-plate defects.

Epiphyseal areas of necrosis eventually heal and arc converted
i nto normal bone. In some sites, especially at the femoral head,
prominent metaphyseal changes are also present.
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Fig. 37.9 Catterall classification of Perthes' disease. (Reproduced by courtesy of Mr A. Catterall, FRCS; see list of Further reading.)

Radiological features
1. Lateral displacement of the femoral head. Early on, and in the

irritable hip syndrome, displacement of the femoral head
(Waldenstrom's sign) is seen (Fig. 37.12A), possibly due to effu-

sion or to thickening of the ligamentum teres. Later, the superior
part of the joint may also be widened. These changes may be seen
on ultrasound.

2. A  subcortical fissure in the femoral ossific nucleus. This sign
i s seen early in the disease but is transient. It is best seen in the
` frog' lateral view (Fig. 37.12B).

3. Reduction in size of the ossific nucleus of the epiphysis. This

is found in some 50% of cases and is due to growth retardation.
The medial joint space then seems wider.

4. Increase in density of the femoral ossific nucleus. This is due
to trabecular compression, dystrophic calcification in debris and
creeping substitution repair, with laying down of new bone on the
pre-existing trabeculation (Fig. 37.10).

5. Metaphyseal broadening and irregularity. The neck may end
up shortened (Fig. 37.11).

Arthrography
It must be understood that the ossific nucleus is not the entire
femoral head and, in Perthes' disease, the cartilaginous outline of
the femoral head is essentially normal and not flat, irregular and
fragmented, as the ossific nucleus may be. Arthrography does not
diagnose Perthes' disease but determines: (i) the size and shape of

shape of the necrotic nucleus does not return to normal and the
nucleus ends up flat in whole or in part.
Catterall (1971) has grouped Perthes' disease according to the

degree of epiphyseal involvement as assessed radiologically
(Fig. 37.9). Prognosis depends on the degree of radiological
involvement.

Stages of the disease
These occur within each group. There is an initial phase of onset,
with widening of the joint space and increased density of all or part
of the ossific nucleus, which is followed by collapse of part or all of
the nucleus, according to group. Repair removes the fragmented,
crushed necrotic bone. Healing shows as an increase in size and re-
ossification (Fig. 37.10). Remodelling then occurs and is aided
when the femoral head is completely contained within the aceta-
bulum. Uncovering of the lateral margin of the femoral head has a
bad prognosis.
The metaphyseal lesion leads to an abnormal femoral neck

(Fig. 37.11). The most severely involved cases have a broad, short
neck, that is, the neck length/width ratio is lower than normal

( Fig. 37.10).

Prognosis
The prognosis in untreated disease is proportional to the degree of
epiphyseal involvement. Thus, Group I and Group 11 patients have a
good prognosis.



Fig. 37.12 (A) In this patient with an irritable hip, there is widening of the medial joint space. (B) A later film in the frog lateral position shows a vacuum
phenomenon in the normal right hip but, on the left, elevation of the fragmented anterosuperior articular cortex of the femoral head. The femoral head
also appears flattened locally.

Fig. 37.11 The left femoral neck is broadened, the metaphysis sclerotic
with focal areas of lucency, the growth plate irregular and the femoral head

flattened and sclerotic. It is uncovered laterally. The joint space appears
widened.

Technetium scan images of bone depend in part on blood flow to

hone. Avascular areas therefore are seen as scan defects. Nuclide scan-

ning of a painful hip distinguishes a `cold' area in infarction from an

area of increased uptake in infective or inflammatory disease. It seems

l ogical to scan all children with acutely painful hips.

In the early stage, when no radiological abnormality is yet visible

in the child with an avascular lesion, a defect is seen in the femoral

head image on radionuclide scanning. In the early case, the size of

t he defect on the scan correlates well with the eventual size of the

This can also be used to assess hip joint effusions in children. By

scanning in the sagittal plane from the front of the patient an image

of the hip is obtained (Fig. 37.14). If there is at least 3 min of fluid

depth, a difference between the two sides of 2 mm, and convexity

of the capsule, then a decision can be made to aspirate fluid, so

excluding infection and relieving pain (Marchal et al 1987).

articular cartilage; and (ii) the presence or absence of congruity

( Fig. 37.13).

Fig. 37.10 Perthes' disease. A series of radiographs showing the stages of healing. (A) The initial radiograph shows a flattened, sclerotic femoral head.
(B) An osteotomy is performed. (C, D) Later films show resorption of the sclerotic dead bone and its replacement with vital bone, resulting in a mushroom-
shaped femoral head.



Fig. 37.13 (A) Gross Perthes' disease of the femoral head. (B) The outline
of the cartilaginous epiphysis is somewhat dome shaped with slight flatten-
ing and broadening laterally. The lateral aspect of the femoral head is
uncovered but in the neutral position is in congruity. (C) In abduction there
is pooling of contrast agent medially within the joint.

defect on radiography, which only becomes assessable some 6-9
months after the initial nuclide scan (Fig. 37.15).

In cases of established disease, correlation of the scan defect with

radiological change is less helpful, as revascularisation gives a local
increase in activity, so that the defect size is underestimated.

MRI
MRI changes are seen in bone and cartilaginous structures of the
femoral head and acetabulum.

Fig. 37.14 Sagittal scan of a child's hip. In (A) and (B) the high
echogenicity of the cortical bone of the epiphysis (E) and metaphysis (M)
are noted. The (VV) indicate the joint capsule, in (A) this is concave along
the femoral neck but in (B) this i s convex to the femoral neck beneath
which there i s anechoic fluid (fl).

The ossific nucleus flattens and the normal bright signal related

to marrow fat diminishes following' loss of the normal circulation.
The signal seen from this region varies with the stage of disease
and healing, and may range from low early on in the disease to a
mixture of high and low when revascularisation occurs or if cysts
are present. The bone deformity is visualised. Metaphyseal irregu-

larity is seen and an abnormal relationship of the entire head to the
acetabulum shown (Fig. 37.16).

MRI also shows thickening of the non-ossified cartilage of the
femoral head, especially laterally, and of the acetabulum, especially
the labrum. This change of cartilaginous hypertrophy is reproducible
experimentally after ligation of the epiphyseal arterial supply, and is
seen at arthrography, which is invasive, as well as at MRI. The degree
of acetabular covering of the developing femoral head, as well as
articular congruity, is seen both at MRI and arthrography, though
arthrography allows the relationship between the head and socket to
be assessed dynamically as a precursor to surgery (Fig. 37.17).
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Fig. 37.15 Perthes' disease. (A) The lateral aspect of the right femoral head does not show up on radionuclide scanning. (B) On X-ray, the involved area
looks smaller than on the scan. The right ossific nucleus is flattened, irregular and smaller than that on the normal left side. It shows collapse. The growth
plate and metaphysis are irregular.

Fig. 37.16 Perthes' disease. A T,-weighted MR scan showing collapse of
the left femoral head with avascular changes. The head is subluxated later-
ally in addition, and is uncovered laterally. Note the movement artefact.

The diagnosis is essentially clinical and is confirmed radiologically

by a soft-tissue lateral film of the area. This demonstrates local soft-

tissue swelling over an often fragmented and dense tuberosity

(Fig. 37.18). The other knee should also be examined radiologically,

especially to compare the soft tissues. The condition is usually self-
limiting and rest brings relief of symptoms.

Fig. 37.17 Left hip arthrogram in Perthes' disease. The flattened frag-
mented ossific nucleus of the femoral head is shown to lie within the capital
cartilage. This flattens as a result of the central ossific nuclear flattening. In
abduction there is substantial incongruity with pooling of contrast supero-
medially.



Fig. 37.19 Osteochondritis of
the tarsal navicular.

The tubercle fuses to the shaft at 15 years, but occasionally
remains unfused and fragmented. Examination of soft tissues will
rule out ongoing disease.

As in Osgood-Schlatter disease, the combination of pain and radio-

logical change is needed for the diagnosis to be made. The disease

is much more common in boys. The age incidence is 3-10 years,
with the peak between 5 and 6 years, and the disease appears earlier

i n girls -as does the ossific nucleus itself. The process is thought to
be ischaemic in origin. Between 15 and 20% are bilateral.

This condition is manifested by collapse and increased density of a
vertebral body; the adjacent disc spaces are normal or increased in
width (Fig. 37.21). Recovery to normal shape follows, but it may be

i ncomplete.
Most cases may be shown to be a manifestation of histiocytosis.

Regeneration is expected but histiocytosis may be associated with

paraplegia. Leukaemia, Ewing's sarcoma, metastases, tuberculosis,

etc. may cause similar appearances and should always be excluded
before a diagnosis of Calve's disease is accepted.

Radiographic appearances
Condensation, increased density (Fig. 37.20) and fragmentation of
the epiphysis are seen. The joint space may be increased in size and
the opposing bone surfaces greatly splayed. Gradual thickening of
the metatarsal neck and shaft occurs.

The second metatarsal head is most frequently involved. The con-
dition is commoner in girls. Its usual incidence is between 10 and

1 5 years. There is a history of chronic trauma, for example
girls wearing high-heeled shoes for the first time.

Irregularity of the outline of the navicular and fissure formation are
early signs. The bone may appear later as a mere dense disc
(Fig. 37.19). No loss of cartilage on either side of the bone occurs.
The onset of regeneration is shown by the production of new bone
around the compression disc.

Fig. 37.18 Osgood-Schlatter disease.
Fragmentation of the tibial tuberosity with
thickening of the ligamentum patellae.

Fig. 37.20 Osteochondritis of the second metatarsal head.
(A) Minimal change of increased density of the epiphysis. (B) Later
stage of flattening of the epiphysis, increased joint space and loose
body separation.

Fig. 37.21 Calve's disease
(vertebra plana) (arrows) of a
midthoracic vertebral body.
Complete regeneration
occurred. No evidence of his-
tiocytosis was found on
biopsy.
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Fig. 37.22 Adolescent kyphosis Fig. 37.23 Osteochondritis of
(advanced case). l umbar vertebral bodies.

osteochondritis of vertebral epiphyseal plates; eponym:

Scheuermann's disease)

The condition affects both sexes; it usually begins at puberty,
having peak incidence from 15 to 16 years. The mid and lower
thoracic spine is the region most commonly affected and usually
several adjacent vertebrae are involved (Fig. 37.22). Less
frequently, the lesion may be found in the lumbar spine (Fig. 37.23)
and in the upper thoracic spine. Sometimes changes are confined to
a single vertebra.

Fig. 37.24 (A) T,-weighted sagittal MR scan of the lumbar spine showing
rounded, fairly central end-plate defects into which distal material is herni-
ated. (B) The discogram of the same patient shows the distal herniation
i nto the defects.

Changes at MRI reflect changes seen on the plain film (and at
discography) (Fig. 37.24). The affected disc is narrowed and

usually shows a loss of signal, indicating dehydration. The disc is
seen to herniate into the end-plate defect and beneath the non-fused
ring apophysis.

Irregularity is seen affecting the superior and inferior parts of
the vertebral bodies. Later, wedging of vertebral bodies
and kyphosis appear. Some scoliosis may also be present.
Schmorl's nodes are seen and disc spaces become narrowed.
Sometimes a small paraspinal bulge is observed at the level of
the lesion.

The radiographic picture tends to remain static for a while.
I mprovement is slow and consolidation may take several
years. Radiographic recovery is often incomplete: various
degrees of irregularity and wedging of thoracolumbar vertebrae
may be permanent. Indeed, evidence of old adolescent kyphosis
is one of the most frequent abnormalities seen in spinal
radiographs.

No constitutional effects are found in adolescent kyphosis and
the vertebral defects are bounded by sclerotic rims, which are not
seen in tuberculous lesions.

Residual wedging in late cases may be indistinguishable from that
caused by a previous compression fracture. The ring apophysis may
be displaced by discal herniation, never to unite. It is then seen as a
triangular fragment of bone adjacent to the end-plate. Discography
shows a disc filled with contrast medium which extends between the
vertebral body and the detached fragment of bone.

Most osteochondritis is found in the hip or spine. Other sites

i nclude:

I. Capitellum.
2. Patellaprimary centre (Kbhler's disease) (Fig. 37.25).
3. Patella-secondary centre (Sinding-Larsen disease). Some

cases are associated with Osgood-Schlatter disease. This condition



Fig. 37.26 Sinding-Larsen disease. A good plain film will demonstrate
thickening of the ligamentum patellae origin, together with irregularity of
the bone from which it originates. The lower pole seems irregular and
lengthened. In later life, elongation of the patella inferiorly is probably the
result of this disease in adolescence.

is also almost always due to an avulsion strain by the patellar liga-

ment (Fig. 37.26).

4. Tibia Sara (osteochondritis of the medial tibia) condyle-

Blount's disease). This change may be seen from the first to the

1 2th year of age, but is most common in the earlier age group. As

the name implies, the abnormality is usually to be seen on the

medial aspect of the knee joint. An irregular defect is often present

on the medial aspect of the proximal tibia] metaphysis beneath

which a large and prominent spur sticks out, almost at right angles

(Fig. 37.27). The adjacent aspect of the tibia) epiphysis may be

defective, and a local femoral spur may also be seen. The overall

effect is a varus deformity. The lateral aspect of the proximal tibia]
(B)

Fig. 37

Avascu

. 28

lar

(A)

necrosis

steoof the l i tis of the lunate bone (Kienbock's disease).
unate. On MR scanning the lunate shows a

metaphysis is straight, and not bowed as in physiological bow-legs. mixed signal, with patchy areas of low and high density. Compare with the
The changes are possibly related to early onset of walking. normal signal coming from the scaphoid.

Fig. 37.27 Blount's disease. There is a large medial spur at the upper
tibial metaphysis with irregularity of the bone adjacent to the growth plate.

Often a closer link with trauma is seen in adult osteochondritis than

i n juvenile cases, but this is not always so. Sites subject to trauma

include the scaphoid, the carpal lunate ( Kienbock's disease)

(Fig. 37.28), the tarsal navicular and the medial sesamoid hone of

Fig. 37.25 Osteochondritis of
the patella-primary centre.
I rregularity, fragmentation and
sclerosis of the body of the
patella in an immature skeleton.



Fig. 37.30 (A,B) Osteochondritis dissecans of the medial femoral condyle (arrow). (C) T, coronal and sagittal fat-suppression images of the knee demon-
strating osteochondritis dissecans at a typical site. On the latter image, the defect is seen to contain fluid.

Fig. 37.29 Classification of osteochondral lesions. Grade I-the dissected
fragment is shown in black; the overlying cartilage is intact. Grade II-there
i s a small localised cartilage defect. Grade III-the defect extends through
the cartilage and around the bone, but is only partial. Grade IV-there is a
total defect around cartilage and bone, but no displacement of fragments.
Grade V-a loose detached fragment is seen.

the great toe, as well as the os trigonum. Fragmentation, collapse
and sclerosis, perhaps with cyst formation, are seen on the plain
film. CT demonstrates these changes and allows reconstruction in
any plane. MR scans show the changes in anatomy and a mixture of
l ow signal indicating collapse, hone condensation and sclerosis as
seen on the plain film, as well as the bright signal of fluid or cyst
formation and vascularity indicating healing.

In this condition fragments of articular cartilage, with or without sub-
chondral bone, become partially or completely detached at character-
istic sites (Fig. 37.29). The separated fragment is avascular, in
contradistinction to that at an osteochondral fracture, and the `bed' of
the defect remains vital, in contradistinction to avascular necrosis.

Sites of election are convex articular surfaces; for example, the
medial femoral condyle, the capitellum of the humerus and the
trochlear surface of the talus. The lesion is twice as common in males
as in females and about one-third of all cases are bilateral. In some
patients several epiphyses are affected. The condition is not always
symptomatic. The lesion characteristically occurs in adolescence and
early adult life. It is the commonest cause of a loose body in the joint
of a young adult. The present tendency is to emphasise the role of
trauma in the aetiology of this lesion.

Radiographic features
In early cases it may be necessary to take several views of the joint
in different degrees of obliquity in order to demonstrate the lesion
adequately. Conventional topography is often helpful, and arthrog-

raphy is sometimes useful.
When separation of the fragment is being established, one will

see a radiolucent ring surrounding the bony fragment when viewed
from the front; the loosening fragment may be seen opposite a pit in
the hone when viewed in profile (Figs 37.30, 37.31). The loose
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The lesions are liable to appear if the worker is too rapidly decom-
pressed. It is thought that nitrogen becomes liberated from
bone marrow and causes hone infarcts by occluding small blood

vessels.
A history of previous decompression sickness is not necessary

for the occurrence of osteonecrosis.

1. Juxta-articular lesions. They are recognised as:
a. a transradiant subcortical band that may underlie as much as

t wo-thirds of the articular cortex (Fig. 37.33)
b. collapse of part of the articular cortex
c. sequestration of part of the cortex
d. secondary osteoarthritis.Fig. 37.31 Osteochondritis dissecans of the medial part of the articular

surface of the talus.

Exposure to a hyperbaric atmosphere may result in decompression

sickness -'the bends'-and in the late complication of osteonecrosis.
Fig. 37.34 Caisson disease. Well-defined metaphyseal infarcts are shown
around both knee joints.

Fig. 37.32 Osteochondritis of the talar dome. (A) The medial corner of
the talus is a very common site for osteochondral defects, seen as a low
signal change on this coronal T 1 - weighted MR sequence. (B) The lesion is
also seen on the adjacent axial image (arrow).

fragments are usually small and ovoid in shape though they may be Fig. 37.33 Caisson disease of both shoulders. Medullary infarcts are

larger and irregular. demonstrated. These are well defined. There is a split cortex on the right. The

The fragment may become completely separated and form an humeral heads are flattened and irregular. Secondary osteoarthritic change is

-articular loose body. If entirely cartilaginous in content, the
shown. Widespread metaphyseal infarction is demonstrated. The infarcted

ntra areas have well-defined margins that are symmetrically metaphyseal.
i mage of the loose body will not be seen on routine radiographs but

it may be demonstrable by arthrography or at MRI (Fig. 37.32). If
not removed surgically, the loose body may grow and calcify later;
it is able to obtain adequate nourishment from synovial fluid even
when it is completely detached from its parent bone. However, the
fragment may not become free, but may become absorbed leaving a
residual gap in the underlying bone.

CT is, as elsewhere, a good imaging modality for showing corti-
cal defects and loose bodies. The defects can thus be seen in the
axial plane at the elbow, knee and talar dome and the appropriate
coronal or sagittal reconstruction views obtained.

MR images are obtained in all planes. The vitality of the underly-

ing bone can be confirmed, as well as the integrity of the overlying
cartilage. A thin film of fluid, bright on T,-weighted images, sepa-
rates the dissected fragment from the underlying bone. STIR
sequences will also show this feature as well as any bone oedema.



Fig. 37.35 Changes of
medullary infarction are
associated with an area of
osteolysis due to fibrosar-
coma.

Sir James Paget first described this disease in 1876. Its origin is not
definitely known. Nonetheless, current thinking is that a `slow'
virus may be the initiating factor. Although no virus has been
i solated, histological changes are seen that arc present in viral
infections.

There is variation in the distribution of the disease. It is common
in the UK, parts of the USA, Australia and New Zealand, but
uncommon in the Far and Middle East and Scandinavia. Within
Britain, there appear to be some regional differences in the
i ncidence.

The incidence of the disease as judged by pathological and radio-
l ogical surveys is 3-4% of the population. Slightly more men are
affected than women. Paget's disease is predominantly found in the

Marked periosteal proliferation and cortical thickening are seen in
bones beneath the soft-tissue swellings. The cortical hyperostosis
may be massive. Patients usually recover after several weeks or
months; in about 12 months, bones will usually have returned to
normal.

The cause of this disease is unknown. Many affected children have
high fever, most have raised sedimentation rates and occasionally
pleural exudates are found. However, an infective agent has never
been identified. Occasionally, the disease has been reported in sib-
lings, cousins and twins.

The condition has been diagnosed in utero. Usually, however, the
babies are well for several weeks before the onset. The average age
of onset is 9 weeks, and cases do not apparently start after the age
of 5 months.

Three features common to all these patients are hyperirritability,
soft-tissue swelling and bony cortical thickening. The soft-tissue
swellings may be very painful, but are deeply situated and not
accompanied by surface warmth or discoloration. Such swellings
appear before bony changes are demonstrable and they disappear Fig. 37.36 Caffey's disease. Gross periostitis affects the ribs and the
long before the bone lesions resolve. Sometimes the swellings may mandible is also thickened. (Courtesy of Dr Ann Barrington, Sheffield.)

recur at their original site or new swellings may appear at other
sites. The disease is characterised by the patchy distribution of the

Bones commonly affected are the mandible, ribs (Fig. 37.36),

l esions and by remissions and relapses. clavicle, scapula and the ulna, but any tubular hones except the

phalanges may be affected. The condition may also be found in
the skull and pelvis, but not in the spine. Lesions are confined to the
shafts of the hones, and the epiphyses and metaphyses are not
affected. This distribution affords a ready differentiation from
rickets, scurvy and congenital syphilis.
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2. Neck and shaft lesions. They cause the following appearances:
a. dense areas-small, multiple, bilateral, ill-defined opacities

resembling hone islands in the upper ends of the femoral and
humeral shafts and in the femoral neck

b. irregular calcified areas-typically in the distal part of the
femoral shafts (Fig. 37.34) and in the proximal parts of the shafts of
the humeri and tibiae

c. Malignant changes have occasionally been reported in such
i nfarcts, usually in the form of malignant fibrous histiocytoma
(Fig. 37.35).



Fig. 37.37 Osteoporosis circumscripta. Two circular focal areas of active
osteolysis in Paget's disease (A) are reflected as areas of increased uptake on
the radioisotope bone scan (B).

elderly. Monostotic disease is not common (10-20%). Overall, the
condition is found most commonly in the sacrum and lumbar spine,

followed by the skull, pelvis and femur. Apart from the skull, the
weight-bearing and persisting red marrow areas are most commonly
involved, though multiple rib and upper limb lesions are uncommon. Fig. 37.38 (A) Paget's disease of the skull vault and mandible. There is
\o bone is exempt. Lesions of the fibula arc very rare. bone expansion, loss of tabular differentiation and an overall pattern of

The radiographic appearances are explained by the underlying sclerosis. (B,C) Paget's disease demonstrated by radionuclide and CT scan-
pathological processes. ning. The vault is thickened and there is increased isotope uptake.

I. An initial phase of increased osteoclastic activity results in
bone resorption. This early phase is osteolytic and is not commonly
seen radiologically, still Less in established disease. It may persist in

Long bones Paget's disease starts at a hone end and, as it extends
the skull, as osteoporosis circianscripta (Fig. 37.37).

to the other bone end, it is demarcated from normal bone by a
2. Mixed phase (spongy type with coarse, irregular trabe-

V shaped zone of transition (Fig. 37.40).
culation). Increased resorption of bone is followed by increased for-

Long bones increase in cortical width and the femur and tibia
mation of abnormally coarsened trabeculae of increased volume

be bowed. Bones also increase in length; this may result in
(Figs 37.38, 37.39). Haversian systems are destroyed and replaced

may

by new bone with a characteristic mosaic pattern. The margin
bowing if only one of a pair of long hones is affected. Paget's

between cortex and medulla is lost.
disease may cause more bony enlargement than is seen in any other

3. Sclerotic phase ( amorphous appearance). Osteoclastic activity
disease.

declines and osteoblastic activity proceeds, so that disorganised Pelvis In the early stages loss of some trabeculae with coarsening
new bone of increased density replaces lytic areas. Eventually the of those remaining may be seen. Thickening and loss of clarity of
disease becomes quiescent. the ileopectineal line and the teardrop also indicate the disease.
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Fig. 37.39 Paget's disease. (A) The affected vertebral body i s expanded
as well as showing abnormal texture. (B) The bone scan confirms the
i ncrease in uptake in the expanded vertebral body. (C) The k_ T scan shows
the rather spongy texture of the abnormal body, extending into the pedi- Fig. 37.40 Paget's disease. (A) The initial radiograph shows a zone of
des and laminae. resorption due to active disease. The distal end of the process has a flame-

or V-shape. (B) A film taken a year later shows a mixed phase, perhaps pro-
ceeding on to quiescence in the same area. The lesion does not apparently
reach the proximal articular surface of the tibia but, in this long bone, it

Narrowing of the hip joint space, especially in a medial direction, does not always do so. It seems in this patient to be related to the fused
leads to protrusio with deformity of the pelvic brim. Secondary growth plate for the tibial tuberosity.
osteoarthritis then develops (Fig. 37.41).

Dental abnormalities include loss of lamina dura and hyperce-
Vertebrae All three forms of the disease may be found in the verte- mentosis (see Ch. 49).
brae. The neural arch and pedicles may be involved as well as the
vertebral body, and all parts are enlarged. The width of the body is
increased so that the interpedicular distance is also increased, even if

This technique is of value during early activity, when it will pick up
the pedicles are enlarged. A characteristic, if infrequent, finding is a

l esions which may not be radiologically detectable, while in the qui-
' picture-frame' appearance with condensed, thickened end-plates

escent phase the presence of disease is best shown by conventional
and vertebral margins enclosing a cystic spongiosa (Fig. 37.42). The

means. The total body scan detects disease in sites not routinely
condensed end-plates are not seen with haemangiomas and involve-

examined, such as the foot, but such sites are not commonly affected.
ment of posterior elements is also less common. Enlargement is

The scan does however provide a quick overview of the skeleton and
unusual in both haemangiomas and metastatic disease.

i s useful in assessing change or malignant degeneration, so that
Collapse is common and may cause spinal nerve compression. follow-up is probably best performed by scanning (Fig. 37.43).

Vertebral enlargement distinguishes this from osteoporotic or
malignant disease.

Skull In the skull, the disease begins as a destructive process
affecting the outer table and sparing the inner table (Fig. 37.37).
The full picture of osteoporosis circumscripta is rarely seen. In
the reparative stage, sclerosis of the inner table is pronounced,
and later the diploic spaces and the outer table become thickened.
A classical, widespread 'cottonwool' effect results (Fig. 37.38A).
The cranial cavity is not encroached upon.

Because changes are in mineralised tissue, they are well reflected at
CT scanning. Bone resorption, expansion, cysts or sclerosis are
seen (Fig. 37.39). Lesions in long bones arc more easily imaged on
plain films, but lesions of the skull involving optic foramina and the
middle car are well shown on CT scans. Three-dimensional recon-
struction in particular can show skull deformity, but is generally of
value only if reconstructive surgery is contemplated.



Fig. 37.41 Pelvis in Paget's disease. There is a combination of spongy and amorphous bone. Note the striated appearance of the left femoral head and
neck. Marked deformity of the pelvic inlet and acetabular protrusion on the right are shown. There is enlargement of the right pubis and ischium.

Fig. 37.42 Paget's disease of the spine. (A) Picture-frame appearance in a
vertebral body. The appendages are also enlarged. (B) Vertebral collapse
and expansion together with abnormal bone texture in another patient.

MRI relation to compromised soft tissues, for example nerves, and frac-

Because the changes of Paget's disease vary with the stage of the tares. Malignant degeneration and expansion into soft tissues are

disease, and because these are so well recognised on plain films, especially well demonstrated.

MRI is probably better used to assess the complications of Paget's With uncomplicated disease, the bone is seen to be expanded. An
disease related to bone expansion (Fig. 37.44) and subsequent excess of sclerotic or woven bone will be seen as an area of low
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1. Marginal (incremental) or incomplete transverse fractures.
These fractures are usually found on the thickened convex surface
of the bowed bone where they may be multiple (Fig. 37.45).
Occasionally, such a fracture may become complete (see below).

2. Pathological fractures are the commonest complication of
Paget's disease and are most often seen in the early stages of the
disease. Usually transverse, they are more common in women.
Often multiple, they are most common in the upper femur and
upper tibia. Healing is poorer in Paget's disease than in normal
bone. Sarcoma may follow a pathological fracture. Bone may also

be avulsed at sites of muscle insertions.
3. Osteoarthritis occurs at major joints (see above).

4. Skull complications. Cranial nerve palsies result when foram-

ina are encroached upon. Vascular compromise also causes blind-
ness. Deafness may result from involvement of the ossicles or
cochlea or compression of the eighth nerve. Basilar invagination
may cause brainstem compression. CSF obstruction can lead to
hydrocephalus. Stretching of vertebral arteries may give rise to ver-
tebrobasilar insufficiency.

5. Cardiovascular complications. Cardiac output is increased
and, if much of the skeleton is actively involved, cardiomegaly,
cardiac ischaemia and high output failure may result. Systemic
hypertension and calcification of the media of the arteries also
result, not purely due to age but related to the extent of the disease

and its activity.
6. Malignant degeneration. Osteogenic sarcoma and, to a lesser

extent, fibrosarcoma, chondrosarcoma and malignant fibrous histio-
cytoma may arise as complications of Paget's disease (Fig. 37.46)

(see Ch. 39).

Differential diagnosis
Most difficulties arise in monostotic cases. Sometimes a full bone
survey will reveal evidence of Paget's disease elsewhere. A solitary

Fig. 37.43 Radioisotope bone scan
(anterior and posterior scans) in Paget's
disease showing multifocal areas of
i ncrease in uptake related to active
disease.

signal with thickened, irregular trabeculac interspersed with fat.
Cortical thickening is especially well shown. Hypervascular tissue
i n expanded bone might suggest malignant change in this age
group. Soft-tissue change would occur with fractures or sarcoma-
tons degeneration. Correlation with plain films is thus always indi-
cated to avoid erroneous diagnosis.

Fig. 37.44 Paget's disease. (A,B) The radiographs show three expanded and apparently fused vertebral bodies in the lumbar spine, which are de-

mineralised. The appearances are those of a highly vascular form of Paget's disease in an active phase. (C) The MR scan confirms the presence of expansion
and fusion with encroachment upon the canal, and confirms the presence of vascularity.
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Fig. 37.46 Osteogenic sarcoma in Paget's disease. (A) The radiculogram
shows an ossifying mass in the soft tissues adjacent to the abnormal verte-
bral body at L2. This in turn shows expansion with sclerosis. There is hold-
up of contrast medium at that level. The pathology extends into the neural
arch. (B) The radioisotope bone scan confirms the presence of change at
this level and also shows ureteric obstruction, presumably by pathologically
enlarged lymph nodes in the pelvis. (C) The CT scan confirms the presence
of sclerotic Paget's disease within the vertebral body but also demonstrates
the ossifying sarcomatous mass in the soft tissues. The spinal canal is
encroached upon. (Courtesy of Dr K. Walmsley.)

Fig. 37.45 Pathological and insufficiency fractures in Paget's
disease. (A) The proximal femur shows all the changes of Paget's
disease and a transcervical fracture has occurred. A transverse
i nsufficiency fracture (arrow) is shown in the lateral femoral cortex.
(B) Coronal T,-weighted MR images of the right femur demonstrate
changes related to the fracture of the femoral neck-there is varus
deformity and quite marked alteration of fatty marrow signal due to
haemorrhage. In addition, multiple insufficiency fractures are demon-
strated in the lateral femoral cortex. (C) The insufficiency fractures are
very well seen in the postoperative film.
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dense vertebra or vertebra nigra may cause diagnostic difficulties
because osteoblastic metastases and reticuloses can cause identical
appearances. The amorphous type of Paget's disease in the pelvis
may be difficult to differentiate from prostatic secondaries, espe-
cially if little bone enlargement is evident. Elevation of the serum
acid phosphatase will be found in the latter lesion.

An angioma of a vertebral body may resemble Paget's disease,
but an angioma will not produce the typical widening of the bone
seen in Paget's disease. The remaining trabeculae in an angioma
are well defined and are surrounded by (vascular) marrow.
Angiomas, especially affecting only part of the body, are com-
monly seen at MRI and should not be confused with malignant
tumours.

This term is used in two senses: specifzcall), for an isolated progres-
sive sclerosing hyperostosis of the skull, and descriptively when
diseases such as Paget's disease and fibrous dysplasia affect the
skull and facial bones. Whether or not the condition is ever a
specific entity is debatable. It could well be that the isolated lesion
i s really a form of fibrous dysplasia.

Fig. 37.47 Tuberous sclerosis. Flame-shaped areas of sclerosis in the iliac
blades.

Tuberous sclerosis (synonym: epiloia: eponyms: von

Recklinghausen (1862), Bourneville (1880))

The classical clinical manifestations are a triad of epilepsy, mental
retardation and adenoma sebaceum. The disease is inherited
as an autosomal dominant condition but most cases are spo-
radic. Pathologically, hamartomas are formed in many of the
body tissues-brain, eyes, lungs, kidneys and gastrointestinal
tract.

In the skeleton, the commonest finding is that of poorly defined
areas of sclerosis, affecting the skull, spine and pelvis. In the skull,
woolly areas of density may be due to osteosclerosis, or to tuberous
calcifications within the brain. CT scanning rapidly differentiates
between the two. Sclerosis also affects the vertebral bodies. In the
pelvis, the iliac blades are the sites of flame-shaped densities which
do not resemble metastases (Fig. 37.47), or more nodular densities
which do simulate malignancy.

Periostitis may be found on long bones, metatarsals and, to a
lesser extent, metacarpals. In the hands, rather than the feet, cysts
occur in phalanges (Fig. 37.48). These may be related to subungual
fibromas and are well demarcated (Fig. 37.49).

Fig. 37.49 Tuberous sclerosis. Note periosteal thickening of fifth
metacarpal, cysts in head of proximal phalanx and pressure erosion of distal
phalanx by subungual tumour. (Courtesy of Dr L. Langton.)

Fig. 37.48 Tuberous sclerosis in the hands. Cyst-like defects are seen in
the bones, both beneath the fingernails and more proximally. Cortical
defects and periostitis are also present.
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and along tendon sheaths. Joint distension also follows an increase
i n synovial fluid.

This disease is seen at all ages, but especially from 20 to 55 years, I n the hand, fusiform swelling due to capsular distension and
with small peaks in childhood and in the elderly. Women are more l ocal oedema may be seen over the interphalangeal joints and over
commonly affected (M : F = I : 3). the metacarpophalangeal joints, especially the first, second and

The joints most typically involved are the small joints, espc- fifth. Soft-tissue swelling over the third and fourth rnetacarpopha-
cially the metatarsophalangeal and metacarpophalangeal and l angeal joints is seen as a local increase in density and occasion-
carpal joints, but any joint, including the temporomandibular and ally as a soft-tissue projection into adjacent web spaces.
cricoarytenoid, may be affected. The axial skeleton is later and less Soft-tissue swelling over the ulnar styloid can be due to local
often affected, with the exception of the cervical spine. Sites of i nvolvement of the extensor carpi ulnaris tendon sheath. Changes
ligamentous and tendinous insertions (entheses) are less frequently at the radial styloid are related to local radiocarpal joint synovial
involved. The tendency at the peripheral joints is to symmetry, and hypertrophy.
often identical digits on either side of the body arc affected. Soft-tissue changes are less well demonstrated in the foot.
Asymmetry of distribution may follow unilateral paralysis or Changes over the first and fifth metacarpophalangeal joints reflect
weakness, when underutilisation of a limb may prevent the onset synovitis in the bursae over the first and fifth metatarsal heads, but
of rheumatoid disease in that limb. Conversely, asymmetry may swelling over the remaining metacarpophalangeal joints may be
follow overuse of a limb which often is more severely involved. seen as fusiform increases in density.
This is seen especially in men and in those performing heavy The Achilles tendon inserts into the back of the calcaneus 1-2 cm
manual work. In general, excess physical activity leads to more below its upper margin. It is sharply demarcated anteriorly by the
severe forms of joint disease. pre-Achilles fat pad and, more inferiorly, by the retrocalcaneal

Rheumatoid arthritis is a systemic disease, and other body bursa. When local synovitis thickens the hursa, oedema obliterates
systems may be involved, for example lung parenchyma and pleura. the local fat and blurs out margins of the tendon, which also thick-

ens (Fig. 38.2). Similar changes occur inferiorly, at the plantar
fascial origin at the base of the calcaneus.

Distension of the capsule of the knee joint is shown on the
antcroposterior radiograph as a lateral displacement of the normally
barely visualised fat planes adjacent to the distal femur. On a lateral
view of the knee the suprapatellar pouch is distended and its sur-
rounding fat planes blurred. Posteriorly, a distended joint capsule
may give a local increase in density and in this way a Baker cyst is
often identified. This can be confirmed by ultrasound, arthrography
or MRI.

On the lateral view of the elbow, the anterior and posterior fat
planes are displaced in a direction vertical to the long axis of the
j oint, but may be obliterated by local oedema.

Swelling around an affected joint is symmetrical, while in gout
the swelling is eccentric. In rheumatoid arthritis, however, a
rheumatoid nodule may cause a localised eccentric swelling,
and these often occur at pressure points, for example over the
olecranon.

1201

The plain film Joint changes may be summarised as follows:

I. Soft-tissue changes
2. Osteoporosis
3. Joint space changes and alignment deformities
4. Periostitis
5. Erosions
6. Secondary osteoarthritis.

Changes I, 2, 4 and ,5 may be seen at entheses, that is, metabolically
active sites of ligamentous and tendinous insertions into hone.

1. Soft-tissue changes

These changes are best assessed clinically but may also he shown
radiologically in the hand and wrist (Fig. 38.1), knee or foot and at
other small joints. Soft-tissue swelling is due to oedema of periar-
ticular tissues and to synovial inflammation in bursae, joint spaces
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Fig. 38.1 Rheumatoid arthritis. Bilateral changes are fairly symmetrical. Soft-tissue swelling is demonstrated, especially over the ulnar styloids. Erosions
are demonstrated at the carpus, distal radius and ulna, with joint space narrowing and collapse of bone. Metacarpophalangeal erosions are also seen asso-
ciated with joint space narrowing. There is a swan-neck deformity of the right fifth distal interphalangeal joint.

ment of osteoporosis may exist, both between different observers
and between the same observer at different times.

Osteoporosis in rheumatoid arthritis is of two types:

a. Generalised This may be due to steroids or limitation of
movement due to pain, or muscle wasting, and occurs later in the
course of the disease. It may also reflect coincidental bone loss
i n postmenopausal women, who are commonly affected by this
disorder,

b. Localised Local osteoporosis around joints occurs earlier and
is due to synovial inflammation and hyperaemia.

Osteoporosis increases in incidence with the duration of the
disease and the age of the patient. Some 30% of patients show it at
presentation but, two years after, 80% are affected.

Osteoporosis is a precursor of erosive disease and may mask
early erosions (Fig. 38.3).

Generalised or solitary sclerosis of one or more distal phalanges
(terminal phalangeal sclerosis) is often rendered more prominent
because of osteoporosis elsewhere. This phenomenon occurs in
some 35% of patients with rheumatoid arthritis and other
arthropathies and may be present before any other abnormality. In a
woman, especially, it may prognosticate future disease, but it is
seen in some normal patients (Fig. 38.4).Fig. 38.2 Retrocalcaneal bursitis in association with thickening of the

tendo Achilles and a retrocalcaneal erosion. A soft-tissue mass is demon-
strated in the angle normally filled by fat between the insertion of the
tendon and the upper calcaneus.

In the early stage a joint space may be widened by synovial hyper-
trophy and an effusion. Later in the disease, joint spaces narrow due
to cartilage destruction by pannus (Fig. 38.5). Narrowing of joint
spaces may, however, be apparent rather than real in the presence of
flexion deformities, so that an oblique view may help to assess the
joint space width. Alignment abnormalities at joints may result from
l ocal synovitis weakening the capsule and tendinitis preventing

Assessment of osteoporosis depends in part on film quality, and
comparison between normal and abnormal joints in the same
patient may he helpful. Interpretation is subjective and changes arc
seen only after loss of 25-50% of mineral. Differences in assess-
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Fig. 38.5 Progressive narrowing of a joint in rheumatoid arthritis.
(A) Y ear 1. The metacarpophalangeal joint looks normal. (B) Y ear 3. There is
narrowing of the metacarpophalangeal joint of the index finger with associ-
ated local soft-tissue swelling. Erosive change is demonstrated at the
metacarpal head. (C) Y ear 4. Little change over the year. (D) Y ear 13. On
this late film the soft tissues remain thickened. The joint space is oblite-
rated. Erosive change is demonstrated, especially at the metacarpal head.
There is ulnar drift.

An erosive change is also now evident at the third metacarpal head on
films B, C and D.

Fig. 38.3 Rheumatoid arthritis. (A) The initial radiograph shows a hint of
early trabecular loss around the proximal interphalangeal joint of a finger
with preservation of the joint space and early marginal cortical loss at the
base of the middle phalanx. (B) The subsequent radiograph shows esta-
blished erosive change in the area of ill-defined demineralisation in associa-
tion with joint space narrowing. (Courtesy of Dr. A. Larsen, Oslo.)

Fig. 38.6 Gross rheumatoid arthritis at the carpus with ulnar deviation,
subluxation and joint narrowing at the metacarpophalangeal joints.
Boutonniere deformities are present at the index and little fingers.

normal musculotendinous action. Tendons may also rupture in the

region of roughened bone. Thus, rotator cuff tears allow upward sub-

luxation of the eroded humeral head.

Many changes of alignment in the rheumatoid hand are irreversible

but, if due to local soft-tissue laxity, may be corrected by applied pres-

sure. Subluxations at metacarpophalangeal joints lead to ulnar devia-

tion (Fig. 38.6), which occurs in up to 50% of those with chronic

disease. This is also associated with increasing palmar flexion. This

change may result from ulnar deviation of extensor tendons.

Fig. 38.4 Terminal phalangeal sclerosis in rheumatoid arthritis.
Obliteration of the medullary cavity of the distal phalanges is demonstrated
in this patient. The new bone is very dense and well defined. The change is
especially marked at the little and ring fingers.



The boutonniere deformity results from proximal interphalangeal
j oint flexion and distal intcrphalangeal joint extension, and the
swan-neck deformity from the reverse (proximal interphalangeal
joint extension and distal interphalangeal joint flexion) (Fig. 38.1).
The boutonniere deformity is the more common.

Similarly, lateral deviation of the toes may be found. Hallux
valgus is especially common. The hallux sesamoids sublux between
the first and second metatarsal heads and the transverse arch flattens
as local inflammation causes ligamentous laxity.

Local periosteal reactions occur either along the midshaft of a
phalanx or metacarpal as a reaction to local tendinitis, or at the meta-
physis near a joint affected by synovitis. Such changes are less
common in rheumatoid arthritis than in the seronegative
arthropathies. They are difficult to identify, may be mistaken for
l umbrical impressions, and are commoner in the feet (Fig. 38.7).
Periostitis in the form of fluffy calcaneal spurs, plantar and posterior,
is

also
l ess corn mon in rheumatoid arthritis than in the seronegative

arthropathies (Fig. 38.8). When present, they are larger and more
irregular than the normal small well-corticated spurs of the elderly.
Spurs may arise ab initio or may follow healing of erosions.

These are the most important diagnostic change but are not neces-
sarily present when the patient first attends. Their incidence rises

Fig. 38.8 Rheumatoid arthritis. A lateral view of the heel shows irregular
erosive change along the base of the heel in association with a small plantar
spur. Erosive change is also demonstrated posteriorly at the insertion of the
tendo Achillis.

Fig. 38.9 Rheumatoid arthritis. (A) The initial radiograph shows deminer-
alisation of bone at the second and third metacarpals heads with preserva-
tion of local joint spaces. (B) The second film shows that the areas of
demineralisation at the second metacarpal head hid erosions. The erosions
are marginal. The joint space narrows slightly.

from less than 40% of patients at 3 months to up to 90% or 95% at
1 0 years.

Classic periarticular erosions occur at the so-called `bare areas'
of bone between the edge of the articular cartilage and the attach-
ment of the joint capsule (Fig. 38.9).

Erosions in rheumatoid arthritis should be sought for at the
common sites. Supplementary views, such as the 'ball-catcher'
(supine 25° oblique view), may be needed. Erosions appear earlier and
are more often seen in the feet, 90% of which will eventually he
affected, than in the hands (75%), and most often at the fifth
metacarpophalangeal joint. The hallux metatarsophalangeal is the least

Fig. 38.7 Rheumatoid arthritis with narrowing of the metatarsopha-
l angeal joint of the great toe and a fine periostitis on the adjacent shafts
(arrows).
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Fig. 38.10 Rheumatoid arthritis. Marked soft-tissue swelling is demon-
strated over the ulnar aspect of the carpus in association with erosion at the
distal ulna and the related carpal bones. The joint space between the
carpus and the ulna is narrowed.

often involved of the metatarsal joints. Erosions affect typically the
lateral side of the fifth metatarsal but the medial side of the others.

The metatarsal head erodes before the base of the distal phalanx.
I n the hand, the second and third metacarpophalangeal joints are
the earliest affected, initially on the radial aspects. More distal ero-
sions are inconstant. Erosions occur at the ulnar styloid, at the Fig. 38.11 Rheumatoid arthritis very pronounced destructive changes

i n the tarsus and in metatarsal heads.
radial styloid and at the proximal compartment of the distal radioul-
nar joint (Fig. 38.10). Carpal erosions occur throughout the wrist.
An erosion is, for example, commonly seen on the lateral scaphoid
at its waist. Carpal disease may be followed by fusion, but this is
uncommon elsewhere i n adult rheumatoid arthritis, although it does
occur in the cervical spine. On occasion, massive carpal destruc-
tion may be found in the presence of virtually normal peripheral
joints (Fig. 38.10).

Tarsal erosions, other than at the posterior and inferior surfaces of
thecalcaneus, are uncommon and are also less common in rheumatoid
arthritis than in the seronegative spondyloarthropathies (Fig. 38.11).
In rheumatoid arthritis, erosions are usually seen at or above the
insertion of the tendo Achilles into the back of the calcaneus.

Erosions arise in an area of local demineralisation beneath the
cortex, which is progressively resorbed, leaving irregular under-
lying trabeculae. The destroyed area increases in size and, as pannus
spreads over articular surfaces, the entire articular cortex may be
destroyed, leaving a destroyed bone end (Fig. 38.12). Chronic trauma,

Fig. 38.12 Rheumatoid arthritis. Progressive films taken over 6 years,
showing marginal erosions and joint space narrowing followed by collapse

in weight-bearing or due to abnormal tendon alignment, may further of articular surfaces. A small geode is demonstrated in the proximal phalanx
collapse articular surfaces. Steroids and analgesics also modify the of the third ray.
disease so that neuropathic-type destructive changes may result.
Healing rarely reverses erosions and so it is not often that a normal geodes-2-3 cm or more in diameter, may be seen beneath joint
appearance returns. Usually the margins of healed erosions become surfaces (Fig. 38.13); when these collapse, marked deformity
corticated and they do not enlarge on follow-up. results. An alternative form of change at large articular surfaces is a

Erosive change is less common at the larger joints but often bone superficial surface irregularity with a little reactive sclerosis in the
destruction is greater owing to the greater stresses placed on knees, presence of much joint narrowing. This change is seen at the elbow,
elbows and shoulders. On occasion, intraosseous defects-cysts or knee and hip; in the hip joint it is characteristically the medial joint
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Sacroiliac joints Changes are less common and less severe than Spinal changes Rheumatoid changes are common in the cervical
in seronegative disease but may he seen in up to 30% of those spine but uncommon in the thoracic and lumbar regions.
with longstanding disease. The changes are more common in Osteoporosis, disc narrowing and end-plate irregularity arc seen
women (cf. ankylosing spondylitis) and rarely end in fusion. with only a little reactive new hone formation at the upper cervical

Fig. 38.13 Geodes in rheumatoid arthritis. There is joint space narrow-
i ng. Osteoporosis is demonstrated. An effusion is present. There are large
distal femoral geodes which reach the patellofemoral articulation. Fig. 38.15 Rheumatoid arthritis of the elbow showing marked resorp-

space, which is narrowed and eroded (as opposed to the superior in tion of all the articular surfaces with marginal erosions, especially well seen

osteoarthritis). Medial migration of the femoral head and act-h-1- at the radial neck and trochlea.

resorption results in protrusio acetabuli (Fig. 38.14). This is classic

but not pathognomonic of rheumatoid arthritis, as it also occurs in
osteoarthritis. in conditions with hone softening, and in an idio-
pathic inherited form. Gross loss of hone, especially at the femoral
head, may result in a `bird's beak' appearance (Fig. 38.14). Marked
l oss of bone around articular surfaces is also common at the elbow
(Fig. 38.15) and shoulder, and deformities of alignment follow.
Bone loss at the acromioclavicular joint may often be seen on a
chest radiograph, with pointing of adjacent bone ends. Upward sub-
luxation of the humeral head results in scalloping of the undersur-
face of the acromion (Fig. 38.16). Erosions of the superior aspects
of the upper ribs arc seen in patients with longstanding disease and
muscle wasting, and are probably due to the adjacent scapula
rubbing on the rib rather than synovial hypertrophy. Fig. 38.16 Rheumatoid arthritis-widening of the acromioclavicular

i nt. Erosion of t he t hird and fourth ribs super iorl y is also seen in thij o s
condition.
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arthritis. Reactive sclerosis and new bone formation in osteoarthritis
is not marked in those whose underlying disease has characteristic
features of osteoporosis and bone destruction.

Following joint aspiration a single or double air-contrast technique
can be used to demonstrate the status of synovium, cartilage and

bone. Synovial proliferation and irregularity may he present in a dis-
tended capsule. Marginal and articular cartilage loss can be
confirmed. Loose bodies are shown in the joint. Cysts or geodes

may fill with contrast (Fig. 38.19).

Fig. 38.17 Rheumatoid arthritis of the cervical spine. (A) The plain film
shows subluxation of C1 and loss of the odontoid peg. The disc spaces
from C3 down are narrowed and the end-plates irregular and eroded.
Fusion is demonstrated at C5/6 and C7/T1 levels. There is no soft-tissue
swelling, but deformity results from the forward subluxation of C1 upon
C2. (B) In the same patient the sagittal T,-weighted MR sequence demon-
strates that the odontoid peg is no longer visible. End-plate irregularity is
again demonstrated with narrowing of disc spaces.

vertebrae. Osteoarthritis, in distinction, is seen more inferiorly.
Facet joint erosions may result in subluxation (Fig. 38.17), so that
nerve entrapment follows. Subluxation and erosion also occur at
the synovial joint between the odontoid peg and arch of atlas
(Fig. 38.18), and are potentiated by laxity of ligaments around the
peg. Separation in flexion of more than 2.5 mm in adults or 5 mm in
children is held to be abnormal. This instability can be seen in up to
30% of patients with chronic rheumatoid arthritis and is best seen in
flexion. The eroded odontoid may also fracture.

Resorption of hone at non-articular surfaces occurs in the cervical
spine at the spinous processes, which become short, sharp and
tapered in patients with chronic disease.

6. Secondary osteoarthritis

Weight-bearing joints affected by rheumatoid arthritis often develop
secondary osteoarthritis. Indeed, at the hips, osteoarthritic change
may be superimposed on a previously unrecognised rheumatoid

Fig. 38.18 Rheumatoid arthritis
of cervical spine-tomographic
section showing erosions of the left
atlanto-axial articulation. Similar
changes affect the right side and
also the occipito-atlanto joints and
the odontoid peg.

Fig. 38.19 Rheumatoid arthritis. (A) Erosions and upward subluxation of
the humeral head. (B) Arthrogram showing numerous 'millet seeds' floating
freely within the joint. There is also a rotator cuff tear.
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Fig. 38.20 Baker's cyst. (A) Sagittal fat-suppression (left) and axial T 1 - weighted gradient-echo (right) MR sequences. The sagittal image demonstrates a
well-defined and intact Baker's cyst posterior to the knee joint in this child. The axial image shows the medial situation of the Baker's cyst and demonstrates
its origin between the tendons of the medial gastrocnemius head and distal semimembranosus muscles. (B) T,- and T 2- weighted MR images showing a
posteriorly situated cyst, seen to contain debris. The leak disrupts the adjacent musculature.

confirms the leak; ultrasound can be used to show either a deep vein
thrombosis or a normal vein, which may be displaced by a large cyst.
MRI of course shows the cyst (Fig. 38.20A) and leak (Fig. 38.20B).

The technique is now infrequently employed, but rupture of the
capsule or a Baker cyst shows leak of contrast into adjacent muscles.
Here, the pain may simulate a deep vein thrombosis. Arthrography

Fig. 38.21 Rheumatoid arthritis. (A) Whole-body radioisotope scan
showing areas of increase in uptake in the neck, both shoulder joints, the
elbow joints, the left hip, both knees and ankles in a patient with rheuma-
toid disease. The distribution of disease is shown, but the changes on this
scan are not specific. (Courtesy of Dr A. Hilson.) (B) Localised images of the
hands showing changes of a more specific distribution. (Courtesy of Dr A.
Saifuddin.)
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Fig. 38.23 Coronal scan of lateral meniscal tear. Echogenic margin of
l ateral femoral condyle (F) and tibial plateau (T), intermediate lower
echogenicity of meniscus (M) with torn fragment (*), areas of anechoic
fluid of the meniscal cyst (Cy) arising from the tear.

In the axial plane CT can be used to demonstrate erosions with con-
siderable clarity, especially in the carpus and tarsus, and to show
joint space narrowing and erosive change. Joint fusion is especially
well shown with CT.

99 Te-MDP images show increased blood flow to synovium in the
early or blood-pool phase of the scan; on delayed images obtained
at 3 hours, increased uptake is shown at sites of increased bone
turnover. Isotope scanning is highly sensitive in the arthritides but
shows poor specificity for individual diseases, relying on distribu-
tion of abnormal foci to make a specific diagnosis (Fig. 38.21). In
rheumatoid disease, isotopes are at least 70% more sensitive than
conventional films and also are a good prognosticator for subse-
quent erosions. Inactive erosions may be negative at isotope bone
scanning. Spatial discrimination is improved by the use of single
photon emission computed tomography (SPECT).

Periosteal reactions show up as a generalised increase in uptake
and thickening of the cortical image.

Fig. 38.24 Longitudinal scan of synovial thickening around the lateral
mid foot. Echogenic margins of the calcaneum (C) and cuboid (Cu).
I rregular margin of cuboid representing erosion (e). Synovial thickening
(black S) of intermediate echogenicity around peroneus brevis tendon (T)
which has a bright fibrillar structure. Irregular fingers of synovium (white S)
associated with calcaneocuboid joint with associated anechoic synovial fluid
and low echogenicity (f).

Fig 38.25 Transverse scan through olecranon bursa. Deep to the skin (sk)
and subcutaneous fat (ft), an anechoic fluid-filled bursa (B) is shown with
echogenic foci within, these representing loose bodies (lb) adjacent to the
echogenic cortical margin of the olecranon (0).

ning of the tendons is also possible, especially in the hand where
tendon rupture may be suspected clinically in rheumatoid disease.

Tendons are fibrillar structures and the ultrasound beam must be
held perpendicular to the fibres, whether in a transverse or longitudi-
nal plane, with the tendon under tension in order to avoid anisotopic
or reflective artefact. This is where low echogenicity occurs in an area
where there are intact tendon fibrils. This artefact is seen normally at
the insertion of the tendon as the fibres curve away from the trans-

Fig. 38.22 Sagittal scan of metacarpophalangeal joint affected by rheuma-
toid arthritis. The irregular echogenic margin of an erosion (e) is shown in the
distal high echogenic cortical margin of the head of the second metacarpal
(M) with adjacent low echogenic synovial proliferation (S) and anechoic fluid
(f). The fibrillar extensor tendon (T) and echogenic cortex of proximal phalanx
(P) and metacarpophalangeal joint (jt) are shown.

Bone is refractory to sound waves, although joint margins can be
assessed for erosions (Fig. 38.22). Structures deep in joints cannot
be completely assessed by ultrasound; however, ultrasound can be
used as an adjuvant to MRI in demonstrating the fluid nature of
cystic structures, for example meniscal cysts arising in conjunction
with a meniscal tears (Fig. 38.23).

Soft tissues around joints may also be assessed using ultrasound to
differentiate between subcutaneous oedema, synovial reaction and/or
joint effusion (Fig. 38.24). Loose bodies may also be demonstrated in
joints or bursa if fluid is present within these (Fig. 38.25).

With the advent of high-resolution linear ultrasound transducers
of at least 7.5 MHz, and preferably 12-15 MHz variable frequency,
we are able to assess the internal structure of tendons and evaluate
their integrity. Ultrasound is real time and therefore dynamic scan-



Fig. 38.27 (A) Longitudinal scans of the Achilles tendon. On the left,
normal tendon (T), Karger's fat pad (Kf) and insertion of tendon into calca-
neum (C). On the right the tendon (T) is swollen and has focal low
echogenicity near the insertion into the calcaneum (C) consistent with focal
tendonosis. A small area of low echogenicity deep to the tendon (r) is a
retrocalcaneal bursa. Also, note the increased echogenicity of Karger's fat
pad on the right associated with the inflammatory change. (B) Transverse
scans of the Achilles tendon. On the left normal tendon (T) and on the
right the focal area of tendonosis (T) in the medial aspect of the tendon.

Fig. 38.28 Longitudinal scan of partial tear in the distal Achilles tendon
(T) where torn fibrils of the tendon extend into a liquefied anechoic
haematoma Jr) adjacent to insertion in calcaneum (C).

Fig. 38.30 Coronal scan through the shoulder showing the tip of the
acromion (Ac) casting acoustic shadow, the layers of tissue superficial to
the supraspinatus tendon (ss) as it inserts into the greater tuberosity of the
humerus (H), namely: skin (sk), fat (ft), deltoid muscle (dt) and a large sub-
acromion subdeltoid bursa (B) of hypoechogenicity, the cause of the
patient's symptoms.

(Fig. 38.29), a bursa (Fig. 38.30), or even the subcutaneous tissues,
such as in Huglund's disease-a thickening of dermis and hypo-
dermis. Ultrasound may also show the local extent of a tendon

Fig. 38.29 (A) Transverse scan through the bicipital groove of the
humerus (H), which contains a normal brightly echogenic long head of
biceps tendon (t) surrounded by low echogenic synovial thickening (s). (B)
Longitudinal scan through the long head of biceps (LHB) surrounded by
anechoic fluid (F) and synovial thickening (S).

Fig. 38.26 Longitudinal scan of the normal Achilles tendon. Echogenic
fibrillar structure of the tendon, with bright linear echogenicity of the
paratenon (arrows) and anisotropic effect of tendon fibrils (tailed arrows) as
they curve into the insertion point in the calcaneum (C). Karger's fat pad
(Kf) is of low heterogeneous echogenicity.

ducer into the bony insertion (Fig. 38.26). Tendons may he sur-
rounded by synovium, for example in the hands and feet, or loose
areola connective tissue called paratenon, for example the Achilles
and patella tendon. Ultrasound may be helpful in differentiating
between the causes of pain around a joint, localising it to pathology
i n the tendon itself (Figs 38.27, 38.28), paratenon or synovium
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Fig. 38.33 Transverse scan through Baker's cyst, an anechoic collection of
fluid (Cy). This is a bursa communicating with the knee joint sited behind the
medial femoral condyle (F), the neck of the cyst has formed between the
medial head of gastrocnemius (G) and the semimembranosus tendon (S)

Fig. 38.31 'Jumper's knee'. (A) Longitudinal scan. A focal central ten-
donosis of the patella tendon (Pt) at the proximal insertion in the lower
pole of the patella (P). There is increase in the echogenicity of the related
Hoffa's fat pad (Hf) adjacent to the area of swelling and low echogenicity in
the patella tendon on the left compared to the normal tendon on the right.
Arrowheads indicate the paratenon. (B) Transverse scan showing the patella
tendon between *. On the left the central focal area of swelling and low
echogenicity can be compared to the wide thin high echogenicity of the
normal tendon on the right.

Fig. 38.34 Ruptured Baker's cyst. (A) Longitudinal scan of the ruptured
Baker's cyst (Cy) posterior to the medial femoral condyle (F) and gastrocne-
mius muscle (G) with a mixture of anechoic synovial fluid and synovial
thickening and debris extending into the cystic cavity which may relate to
haemorrhage. The tapered inferior end of the cyst indicates that there has
been rupture. (B) Longitudinal scan of the tip of the ruptured cyst (Cy); the
streaks of low echogenicity extending into the muscle (sy) represent
synovial fluid that has leaked into the surrounding fluid.

replaced, ultrasound may be more helpful in defining the state of

tissues around the replacement as it will be unaffected by metal

artefact.

Using MRI, synovium, synovial fluid, cartilage, ligaments, tendons

and hone can all be identified (Fig. 38.36).

Erosions are seen both earlier and more often at MRI than on plain

films and are seen as defects in bone. Pannus is seen as a soft-tissue

signal mass adjacent to the erosion. When synovial proliferation is

Fig. 38.32 (A) Longitudinal scan through diffuse/global patella tendo-
nosis; the patella tendon (Pt) on the right is swollen and of generally low
echogenicity compared to the normal tendon on the left. (B) Transverse
scan through diffuse/global patella tendonosis, showing the patella tendon
between * on the right being diffusely swollen compared to Fig. 38.31B
and the normal tendon on the left (P) = patella.

problem, such as a focal (Fig. 38.31) versus a diffuse (Fig. 38.32) ten-

donopathy, which may precede rupture. Leakage of synovial fluid

may also be demonstrated using ultrasound, for example a ruptured

Baker's cyst (Figs 38.33, 38.34) which needs to be differentiated from

other causes of calf pain, such as muscle tear (Fig. 38.35) or deep vein

thrombosis.

It should be noted that MRI is more useful in the assessment of

overall anatomy around a joint. However, if a joint has been



Fig. 38.36 Rheumatoid arthritis at MRI. (A) Coronal T,-weighted sequence. (B) Coronal fat-suppression images. There is a large effusion in the shoulder
j oint and in the subacromial bursa. There is upward subluxation of the humeral head but the rotator cuff tendon is in part intact. Erosive changes are
demonstrated in the humeral head with the appropriate signal change. (C) A more anterior scan shows the distended subacromial bursa containing
numerous loose bodies. See also Fig. 38.19.

Fig. 38.37 Pannus in rheumatoid arthritis. Thickened synovium demon-
strated (A) pre- and (B) post-gadolinium enhancement. The effusion exhibits a
l ow signal, while the surrounding area of bright signal (arrow) represents
hypertrophic vascular synovium. (Courtesy of Dr G. Clunie, UCL Hospitals.)

vascular, it is even better demonstrated after the use of intravenous
gadolinium (Fig. 38.37).

MRI is not only sensitive (as is isotope scanning) but also
specific (unlike scanning). MRI is superior in showing not only ero-
sions but also subarticular cysts and bone oedema. Effusions and
tendinous change as well as extra-articular collections of fluid are
seen with MRI so that, where available, this is the investigation of
choice in the initial diagnosis of disease and its progression. MRI is
also superior to any other modality in demonstrating cartilage loss
in both osteoarthritis and rheumatoid disease (Fig. 38.38).

Changes in the tendo Achilles and its insertion into the hind foot are
better seen at MRI than on plain films (Fig. 38.2). The tendon is of
low signal and stands out clearly against the fat that surrounds it. In
tendinitis, the tendon is thickened, often grossly so, and is surrounded
by (bright-signalled) oedema. Central areas of cystic necrosis in this
or any other tendon are always bright on T 2 - weighted or STIR
sequence images. Erosions in the insertion are seen as cortical defects, Changes at C I and C2 were better shown by linear tomograph)
often with surrounding local oedema. The enlarged retrocalcaneal than on conventional plain films and, subsequently, by CT in both
bursa is also clearly demonstrated at MRI (Fig. 38.39). the axial plane and with sagittal and coronal reconstruction.

Fig. 38.35 Longitudinal scan of lower leg and a muscle tear (tr) associated
with liquefied haematoma (fl) just below the skin (sk). In comparison with
Fig. 38.34B, the area of low echogenicity is more heterogeneous and has a
more irregular contour than the muscle oedema. Note normal muscle (Ms)
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Fig. 38.39 Retrocalcaneal bursitis with an erosion. The tendo Achilles is thickened distally; the bone is eroded at its insertion and there is also an erosion on

the upper aspect of the calcaneus associated with a local bursitis.

Fig. 38.40 (A) Sagittal CT reconstruction
showing odontoid peg erosion and separation
of the space between the peg and arch. There

is a soft-tissue mass interposed between the
two structures. The peg is upwardly sublux-
ated. (Courtesy of Dr J. Stevens.) (B) CT radicu-
lography in rheumatoid arthritis. The odontoid
peg is eroded and separated from the arch of
the atlas by a soft-tissue mass. (Courtesy of
Dr J. Stevens.)

simultaneously imaged. Changes in flexion and extension are also

assessed, but are equally well seen on a plain film.
Opacification of the CSF at radiculography renders both the cord

and soft-tissue pannus visible and allows changes in flexion and

extension to he visualised during the examination (Fig. 38.40).

MRI is now the investigation of choice for imaging the cranio-

cervical junction, and the status of the cord can be assessed simul- There are many causes of polyarthritis in children, the most

taneously (Fig. 38.41). Bone, pannus, cord and CSF are all common being viral infections. It is now recognised that chronic

Fig. 38.38 Rheumatoid arthritis at MRI (corona)
(A) and sagittal (B) T 2 - weighted sequences). There is
l oss of meniscal and articular cartilage, irregularity of
articular surfaces and subchondral cysts filled with
fluid. There is also debris within the joint.
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Box 38.1 Classification of juvenile idiopathic arthritis

1. Adult-type rheumatoid arthritis (with IgM rheumatoid factor)
2. Polyarthritis with ankylosing spondylitis-type sacroiliitis
3. Still's disease

a. systemic
b. polyarticular
c. pauciarticular, with or without chronic iridocyclitis

4. Psoriatic arthropathy
5. Arthritis associated with ulcerative colitis or regional enteritis (as in

adults)
6. Polyarthropathies associated with other disorders, such as systemic

l upus erythematosus or familial Mediterranean fever, etc

(Reproduced by kind permission of Dr B.M. Ansell.)

Fig. 38.42 j uvenile chronic arthritis. Accelerated skeletal maturity with
modelling abnormalities of the carpal bones and osteoporosis.

2. Pauci-articular (not more than four joints involved) affecting

especially the knees, wrists and ankles. This usually ends up as:

3. Polvarticular disease, which may also present at the onset.

Radiological changes are late and the disease is non-erosive.

In the carpus and tarsus the bones show accelerated maturation

due to hyperaemia, crowding of bones with joint space narrowing

and an abnormal angular shape (Fig. 38.42). In general, early over-

growth of epiphyseal centres (Fig. 38.43) with squaring or angulation

(Fig. 38.44) leads to premature fusion and eventual hypoplasia.

This occurs at metacarpal and metatarsal epiphyses and around the

knees, hips, elbows and shoulders. The abnormally modelled bone

ends cannot be easily distinguished from the similar changes of

synovial tuberculosis or haemophilia. Osteoporosis may result from

Fig. 38.41 Rheumatoid arthritis at MR scanning. (A) T,-weighted axial
i mage. (B) T,-weighted sagittal image. A soft-tissue mass is seen in the

region of the eroded odontoid peg and this indents the cord. Note distal
changes at all levels in the cervical spine.

childhood polyarthritis is a heterogeneous group of disorders,

the generic term for which is juvenile idiopathic polyarthritis
( Box 38.1). Some 10% of the total eventually have a seropositive
form of disease similar to, or identical with, adult rheumatoid

arthritis, that is, an essentially peripheral erosive polyarthritis. The

remaining patients have seronegative juvenile chronic arthritis for

which definite clinical and histological diagnostic criteria exist.

Children with seronegative juvenile chronic arthritis may be

further subdivided:

1. Acute systemic onset type (true Still's disease) with constitu-

tional symptoms and hepatosplenomegaly, but little or no joint
i nvolvement.



Fig. 38.43 J uvenile chronic arthritis. Monarticular arthritis with soft-tissue
s welling, osteoporosis and overgrowth of the epiphyses at the right knee.
Normal left knee.

hyperaemia or steroid administration which, in large doses, also
causes undergrowth. Pathological fractures may result. Residual tra-
beculae along lines of stress are rendered very prominent. At the

elbow, marked radial head enlargement may be seen and the paired

l ong bones may bow. The cervical spine is often affected and

i ndeed is the cause of presentation in 2% of cases. Diminution of
neck movement is followed by apophyseal joint changes, maximal

at C2-3, where erosions lead to ankylosis. The associated vertebral
bodies fail to develop (Fig. 38.45). Atlanto-axial subluxation is said
to occur only rarely in those patients with seronegative disease, and
neurocentral joint lesions do not occur in seronegative disease.

This is a group of non-rheumatoid seronegative disorders that have
clinical, radiological and familial interrelationships. There are
definite criteria for their diagnosis. These features include:

I. Absence of rheumatoid factors
2. Peripheral arthropathy

3. Sacroiliitis with or without ankylosing spondylitis

4. Clinical overlap, including two or more of the following
features-psoriatic skin or nail lesions: conjunctivitis;
ulceration of mouth, intestines or genitals; genitourinary
infections; erythema nodosum

5. Increased incidence of the same or any other of these diseases
i n families.

This disease has a characteristic onset at about 10 years of age. It is
five times more common in boys and presents initially with an
asymmetrical peripheral arthropathy. Sacroiliac changes develop

5-15 years later.
Fig. 38.45 J uvenile chronic arthritis. (A) The early radiograph in this

some patient shows hypoplasia of the vertebral bodies and a widened cervical
canal. (B) Subsequently the vertebral bodies and facet ioints ankylose, with
failure of development.

Fig. 38.44 J uvenile chronic arthritis. There is overgrowth
of the epiphyses around the knee with associated soft-tissue
swelling. The tibial epiphysis in particular shows a rather
square shape with marked angulation of its margins, which
never occurs in the normal.
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appearance identical with that of rheumatoid disease. The remain-
der has a `pure' pattern of psoriatic arthropathy, or a mixture of the
t wo types. Normal bone mineralisation is regarded as a solid diag-
nostic criterion for psoriatic arthritis, but is not in fact particularly
common, especially in chronic or severe disease.

The hands are as frequently affected by erosive change as are the
feet in psoriatic arthropathy, in contradistinction to the patterns of
Reiter's syndrome. Nail changes are related to resorption of the
distal phalanges but no definite correlation exists between nail
l esions and interphalangeal joints erosions. Erosions have a
predilection for the distal interphalangeal joints, and especially the
i nterphalangeal joint of the great toe (Fig. 38.47). Erosive changes are
asymmetrical, even late in the disease, unlike rheumatoid arthritis, and
especially if the metacarpophalangeal joints are involved. Joint nar-
rowing may never occur.

Erosions are modified by proliferation of new bone at the inter-
phalangeal joints and especially around erosions on the calcaneus,
where large, irregular fluffy painful spurs form both posteriorly and
i nferiorly. Such change is more common in Reiter's syndrome, but
i s uncommon in rheumatoid arthritis. Late changes in the hands
i nclude osseous fission of the interphalangeal joints (Fig. 38.48) and a
,

cup-and-pencil' appearance at affected joints, leading to arthritis
mutilans, but not ulnar deviation.

Periostitis in psoriatic arthritis occurs along the shafts of the
tubular bones on hands and feet, which become sclerotic and
expanded and, in association with soft-tissue swelling, gives a
` sausage digit' (Fig. 38.49).

The diseases which fit into these categories are:

1. Ankylosing spondylitis
2. Psoriatic arthritis
3. Reiter's syndrome
4. Ulcerative colitis
5. Crohn's disease
6. Whipple's disease
7. Behcet's syndrome.

The interrelationships between the diseases are seen in
Figure 38.46. Chronic inflammatory bowel disease can, for instance,
be seen to be linked to spondylitis and uveitis, while spondylitis is
further linked to aortitis, seronegative arthritis and psoriasis.

This genetic and clinical overlap accounts for the marked radio-
logical overlap of these syndromes, so that" spondylitis is seen in
many of these conditions. Nonetheless, differences in the type of
spondylitis seen in these diseases also exist.

An association between psoriasis and arthritis was described as
l ong ago as 1822. Some 10% of patients develop arthritis before
the skin lesions appear, in 25% the two develop simultaneously and,
i n 65%, psoriasis precedes arthritis, often by up to 3.5 years. It
seems that about 5% of patients with psoriasis develop an arthritis,
but 15-30% of these are seropositive and have a radiological

Fig. 38.46 The relationship between the different manifestations of arthritis is shown, together with the appropriate tissue markers. (Courtesy of
Dr D. A. Brewerton.)



DISEASES OF JOINTS 121 7

Fig. 38.49 A ' sausage digit' in
psoriatic arthritis. There is soft-
tissue swelling. Periostitis is
demonstrated. The bone shows
an apparent increase in density.

Fig. 38.47 Psoriasis. Soft-tissue
swelling is seen over the great toe
and the erosions at the bases of the
distal phalanges are on the articu-
l ar, rather than the periarticular,
surface, producing a 'gull's wing'
appearance.

Involvement of the larger joints is not common, but sacroiliitis may

be seen in up to 50% of those with psoriatic arthritis. Often, but not
inevitably, symmetrical erosions, joint widening and sclerosis are seen
but fusion is less common than in ankylosing spondylitis.

Paravertebral ossification may be the only feature of an osteo-
pathy, even occurring in the absence of sacroiliac or digital disease.
These syndesmophytes, which may be vertically directed and are
not always attached to vertebral margins, should be distinguished
from the more horizontally directed degenerative osteophytes.

Vertebral squaring is uncommon in psoriatic spondylitis (Fig. 38.50).

This occurs most commonly in young men and is usually sexually
transmitted. The classic triad in the UK consists of a male patient
with arthritis, urethritis and conjunctivitis. Gonococcal arthritis may
thus cause confusion. In continental Europe, the similar syndrome,

originally described by Reiter in 1916, occurs in association with
bacillary dysentery in both sexes.

Skeletal abnormalities will eventually be found in up to 80% of

patients. Initial attacks of pain subside, but later recur, leaving
progressive change at joints and entheses (the sites of musculotendi-
nous insertion into bone). Reiter's syndrome affects the feet rather
than the hands, and also in a more severe form. In the foot, erosions
occur at the metatarsophalangeal joints and the interphalangeal joint

Fig. 38.48 Psoriasis. The distal interphalangeal joints are involved in this
condition. Bone density is often preserved. Erosions proceed along the
bases of the distal phalanges and there is splaying of bone locally. Despite
the erosive change, the joints may be increased in width or, alternatively,
fused. These changes are totally unlike those seen in rheumatoid arthritis
both in appearance and distribution. There is also a neurotrophic change at
the distal and middle phalanges, with longitudinal and concentric bone
resorption, producing a 'licked candy stick' appearance.

Fig. 38.50 Psoriatic spondylitis. Non-marginal vertical floating syn-
desmophytes are more typical of psoriasis and are less often seen in anky-
l osing spondylitis. (Courtesy of Dr J. T. Patton.)

of the great toe. Osteoporosis is not a prominent feature of the disor-
der. It can be asymmetrical, unlike rheumatoid arthritis.

Irregular erosions occur at entheses. Periostitis may be fine and
lamellar in acute cases (Fig. 38.51), or fluffy and irregular in
chronic disease. Painful erosions (Fig. 38.52) and reactive spurs are
very common around the calcaneus, probably more so than in any
other arthropathy, occurring in 20% of patients. In contrast to anky-
losing spondylitis, the feet are severely affected. Sacroiliitis devel-
ops late in Reiter's syndrome but may be seen in about half of all
cases. The changes may be asymmetrical or unilateral (Fig. 38.53).
Fusion is also less frequent than in ankylosing spondylitis. Spinal
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non-marginal syndesmophytes, identical to those seen in psoriatic
arthritis, occur especially around the thoracolumbar junction but
l ess frequently than in psoriatic arthritis. Ankylosing spondylitis (Marie Strumpell arthritis, Bechterew's

disease) is a seronegative spondyloarthropathy. Some 90% of
patients with this disease have the HLA-B27 antigen or, to put it
another way, an individual with this antigen is 300 times as likely to
have ankylosing spondylitis as is a person without the antigen.
Sixty-five per cent of patients with psoriasis and spondylitis, or
i nflammatory bowel disease and spondylitis, have HLA-B27, but in

Fig. 38.51 Reiter's syndrome-acute
form, showing marked osteoporosis and
periosteal reaction (arrows).

Fig. 38.53 (A,B,C) Reiter's syndrome. The three radiographs taken over a
1 2-year period demonstrate the progression of a unilateral sacroiliitis.

Fig. 38.52 Reiter's syndrome. Periostitis and erosive changes on the
plantar and posterior aspects of the calcaneus and of the distal tibia.
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psoriasis with a peripheral arthropathy there is only a weak associa- Sacroiliac joints Symmetrical change is almost inevitable
tion if spondylitis or sacroiliitis are not present. Thus the antigen is (Fig. 38.54A). Erosions, often worse on the iliac side, widen the
essentially related to the presence of spinal changes. joint and its hazy margins may resemble the normal adolescent

Histologically, the synovitis of ankylosing spondylitis is ident- joint. The erosions later show considerable sclerosis, and the joint
ical with that of rheumatoid arthritis: the enthesopathy consists narrows as irregular new bone bridges the joint space, so that fusion
of destruction of ligaments, tendons and local hone with sub- eventually occurs.
jacent inflammatory infiltrates. The destructive lesion heals by Joint changes are assessed using the prone view of the sacroiliac
deposition of new bone at the local tendon or ligament inter- joint, though oblique views arc helpful. Linear tomography gives
face, causing healing with hone proliferation at non-articular sites, good images of the sacroiliac joints, but was superseded by CT
syndesniophytes at vertebral margins and ossification of joint cap- scanning, which defines cortical bone well (Fig. 38.54B). Images
sules. are free of overlying gut shadows. Small and early erosions can be

Though the disease may affect children, it is said to occur more visualised. This is probably the examination of choice.
commonly in young men in their late teens and twenties, but Radionuclide scanning shows non-specific increase in uptake
recently it has been realised that women may be affected in equal unilaterally or bilaterally. Bilateral change may be more difficult to
numbers. The onset is often insidious so that sacroiliitis is usually assess if increase in uptake is symmetrical. An increase in the ratio
seen at presentation. Spondylitis need not be present but develops of counts between sacroiliac joints and the sacrum of more than
subsequently, often at the thoracolumbar region initially, but some- 1.4 : I was held to indicate the presence of sacroiliitis (Fig. 38.55).
ti mes affecting the cervical spine in females. Spinal changes MR1 is probably not as helpful in showing the cortical and joint
without sacroiliac changes are very rare in this disease. changes in the sacroiliac region.

Fig. 38.54 Ankylosing spondylitis-early. (A) Serrated margins
of sacroiliac joints and periarticular sclerosis. (B) CT scanning
demonstrates bilateral sacroiliitis.



Fig. 38.56 Ankylosing spondylitis. Discal narrowing and adjacent
erosions heal with prolific new bone formation. Sclerosis and vertebral
squaring result.

Further bony outgrowths in a later stage of healing lead to neat,

vertically disposed marginal syndesmophytes, which may extend all
the way up the spine (Fig. 38.58). The ossification lies in the annulus.

Similar well-defined bands of ossification may be seen in the inter-
spinous ligaments and around minor and major joints. If the inter-

vertebral disc is intact at the time of syndesmophyte formation, it
often never narrows, but may undergo central calcification. This

phenomenon often follows vertebral fusion from any cause. Should
the disc bulge, the syndesmophytes may be displaced.
Syndesmophytes give the spine a knobbly appearance (Fig. 38.58),
likened to a bamboo stick. Erosions at costotransverse and apophyseal
joints also end in fusion. A cauda equina syndrome may result from
arachnoiditis when large posterior dural diverticula are occasionally

seen at radiculography, with osseous defects in the laminae.
A scoliosis is often seen in the chronically diseased spine.
If the patient falls forward onto the head or chest, the rigid spine

may snap, often through the porotic bone just beneath the end-plate.
Hypermobility may be demonstrated on fluoroscopy. A sclerotic
pseudarthrosis may result. Fractures may also occur through discs

(Fig. 38.59). An associated pseudarthrosis is usually present at the
neural arch at the same level as the discal or paradiscal fracture.

Occasionally, localised destructive lesions of adjacent end-plates
are seen, with disc narrowing and marked reactive sclerosis (the
Andersson lesion) (Figs 38.57B, 38.60). This lesion resembles an

infective discitis or a neuropathy.

Peripheral joints Osteoporosis, erosions and joint space narrowing
are less prominent than in rheumatoid arthritis, but shaggy periosti-
tis and ankylosis are more common. At the hip, a prominent fringe
of new bone may form at the capsule-bone junction. Bony ankylo-
sis may precede or follow prosthetic joint replacement (Fig. 38.61).

Fig. 38.57 Ankylosing spondylitis. (A) Squaring of vertebral bodies is
demonstrated, much of which is due to ossification in the line of the ante-
rior longitudinal ligament. Longstanding fusion has resulted in calcification
of the discal nucleus. There is also quite marked ankylosis of the posterior
spinal elements. (B) A T2 -weighted MR sequence showing vertebral squar-
i ng with fusion across the narrowed intervertebral discs. There is promi-
nence both of the anterior and posterior longitudinal ligaments, which may
relate to ligamentous ossification.

There is marked abnormality too at the Ll /2 disc space, which remains
patent, the end-plate surfaces are irregular and there is surrounding bone
oedema. See also Fig. 38.60.

Fig. 38.55 Ankylosing spondylitis. Increase in uptake is demonstrated at
both sacroiliac joints, greater on the right, in this posterior scan. (Courtesy
of Dr A. Hilson.)

Spinal changes Erosions of vertebral margins heal by prolifera-
tion of sclerotic bone, which stands out in marked contrast to the
rest of the vertebral body (the Romanus lesion) (Fig. 38.56).
These healed erosions of vertebral margins may account for
vertebral `squaring'; an alternative cause is the laying down of
new bone anteriorly beneath the longitudinal ligament. Both
mechanisms may be operative (Fig. 38.57).
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gus. This florid exuberance is grosser than that seen in degenerative
change. While continuity might also be seen following spinal infec-
tions, in DISH it is superimposed on a background of normal verte-
brae and discs. Osteoarthritis, however, shows underlying bone and
disc disease.

The sacroiliac joints may appear symmetrically fused on a plain

film of the pelvis (Fig. 38.63). CT scanning demonstrates liga-
mentous and osteophytic ankylosis around the joint in the absence
of erosions (Fig. 38.64). The patients may complain of spinal
stiffness and low back pain. Florid neo-ossification is also seen at
extraspinal sites, around the iliac crests, ischia and above the
acetabulum, and at the sites of ligamentous or tendinous insertions
into bone.

Similar changes are found in the foot, especially on the calcaneus,
where florid spur formation is sometimes seen. The new bone is
generally well defined and not related to local erosive or degenerative
change. Fusion between the paired long bones may occasionally
occur.

Ulcerative colitis, regional enteritis and Whipple's disease may be
associated with joint disease of two distinct types.

Peripheral arthropathy Episodes of fleeting asymmetrical periph-
eral arthritis follow the cyclic course of the gut disease and its
severity is also proportional to the extent of the lesion.
Radiographic change is usually confined to soft-tissue swelling

and local periostitis. These patients are seronegative and HLA-
B27 negative.

Sacroiliitis and spondylitis Pelvic and spinal changes identical
to those of ankylosing spondylitis are seen. These do not correlate
with gut disease activity but may precede its onset and continue to

Enthesopathies at iliac, ischial and calcaneal sites of ligamentous
and tendinous insertions cause erosions followed by marked scle-
rotic periostitis.

Fig. 38.59 Cervical spine in anky-
losing spondylitis, with fractures
through the C4/5 and C5/6 discs.

Fig. 38.58 Ankylosing spon-
dylitis -'bamboo spine' with
marginal syndesmophytes.

worsen even if, for instance, the colon is totally removed. These
patients (usually male) have a high level of HLA-B27 antigen.

Fig. 38.60 Ankylosing spondylitis (Andersson lesion). End-plate irregularity
is demonstrated together with reactive sclerosis in the underlying bone in this
patient with ankylosing spondylitis. There is also instability at this level.

This condition was originally thought to affect the spine only. The
current title clearly indicates that the condition is a generalised one,
in which extensive ossification is found at many sites. It is usually
seen in elderly men (M:F=3:1). Some studies show an increased
incidence of HLA-B27 in patients with diffuse idiopathic skeletal
hyperostosis (DISH).

In the spine, dense ossification is found in the cervical
( Fig. 38.62) and especially lower thoracic regions. Bone is laid
down often in continuity anteriorly and, in the thoracic region, on
the right side, as the left-sided aortic pulsation prevents its deposi- Fig. 38.61 Ankylosing spondylitis-note bony ankylosis across joint carti-
tion. The thick, flowing, corticated plaques may indent the oesopha- l age. Irregularity of the surface of the ischium is also shown.
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Fig. 38.64 Diffuse idiopathic skeletal hyperostosis. The CT scan shows

that the joint spaces are still patent but there is ankylosis anteriorly.

Fig. 38.62 Senile ankylosing hyperostosis-this is an extreme example
of this common lesion. A tremendous amount of new bone has formed.
The outlines of the original vertebral bodies and disc spaces are preserved.

Fig. 38.65 Diffuse idiopathic skeletal hyperostosis with ossification of the
posterior longitudinal ligament. New bone is seen anteriorly on this cervical
vertebral body and posteriorly in the canal along the line of the posterior
l ongitudinal ligament.

Osteoarthritis is a degenerative condition affecting articulations,
especially those which bear weight or those subjected to much
` wear and tear'. The disease may he considered primary when no

underlying cause can be discerned, or secondary i f the joint is

abnormal in form ab initio or is subjected to unusual stresses. In
terms of end-stage appearances and treatment, the difference is
probably academic.

Though there may be differences in the radiological appearances
of osteoarthritis at different joints, degenerative disease has a
number of specific features wherever it occurs.

Joint space narrowing The width of a joint space seen radiologi-
cally is due to the radiolucent cartilage; joint space narrowing is
therefore the result of cartilage destruction. Often in a given joint a
predictable pattern of joint narrowing may be expected. This change
characteristically occurs in areas of excessive weight-hearing.

Joint space remodelling Joint narrowing due to cartilage destruc-
tion is followed by loss of underlying bone in stressed areas, and

Fig. 38.63 Diffuse idiopathic skeletal hyperostosis. The plain radiograph
of this patient demonstrates new bone formation at the iliac crests and
i schia as well as fusion of the sacroiliac joints superiorly. There is also faget's
disease in the right femur.

Rarely, posterior ligamentous ossification (OPLL) encroaches on
the theca and produces cord compression (Fig. 38.65).

Ossification of the posterior longitudinal ligament
New bone formation is seen in the posterior longitudinal ligament
as an isolated phenomenon, often in Japanese patients, or in DISH or
ankylosing spondylitis. The new hone is well shown on CT or MR
scans (Fig. 38.65). Radioisotope scans show an increase in uptake
in the spine if enough new hone is present in ankylosing spondylitis
or DISH.
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As so many of the changes in osteoarthritis relate to cortical bone,

they are well imaged on plain films and CT scans, the latter showing
osteophytes, erosions and cysts especially well. MRI is. however, the
preferred imaging modality for osteoarthritis in the major joints. As
in rheumatoid arthritis, changes of cartilage loss and subcartilaginous
bone, oedema, cysts and bone necrosis are well demonstrated,
together with loose bodies in the joint space and effusions.
Osteophytes are especially well shown. Capsular thickening and
plicae, and extracapsular changes in collateral ligaments and tendons,
are all probably better seen than by any other means (Fig. 38.70).

Murray (1965) has shown that only 35% of cases have no underlying

Fig. 38.66 (A) The initial radiograph shows lateral migration of the femoral radiologically determinable abnormality. Many patients who develop

head with obliteration of the superior joint space. There is accretion of new premature osteoarthritis in their fourties-are found to have a pre-
bone medially within the joint. (B) The subsequent radiograph shows collapse existing abnormality. Some result from childhood-congenital
of the femoral head and of the acetabulum. There is now more new bone dysplasias, congenital dislocation of the hip, acetabular dysplasia,
both on the femoral head and on the acetabulum medially. A new joint space Perthes' disease or slipped epiphysis. The underlying cause is often
often results. Buttressing of the medial cortex of the femoral neck (the calcar)
is a common finding in degenerative disease of the hip. recognisable. Others occur later-Paget's disease, scoliosis, rheuma-

toid arthritis and variants and aseptic necrosis from any cause.
formation of new bone and cartilage in non-stressed area and at joint There is no `typical' appearance for osteoarthritis of the hip; rather,
margins, so that joint alignment alters (Fig. 38.66). groups of different patterns may be defined. The appearances are

Beneath areas of cartilage destruction, eburnation results complicated by analgesic therapy, which may result in a neuropathic-
(Figs 38.66, 38.67). Localised increase in density is presumably due type appearance with eburnation and rapid loss of bone (Fig. 38.71).
to: (i) stress-induced new bone formation; and (ii) trabecular
collapse. Flattening and sclerosis result. New bone is formed in Patterns of osteoarthritis of the hip
areas of low stress at joint margins-peripheral osteophytosis-or These depend on the direction of migration of the femoral
within the joint central osteophytosis. Osteophytic new bone is head which may be displaced superiorly (78%e) (Fig. 38.72A) or
formed in response to new lines of force and prevents further medially (22%) (Fig. 38.72C). Superolateral migration may occur
malalignment. Buttressing osteophytes may thus be seen on the (Fig. 38.66), medially, or in an intermediate direction with
narrower side of a degenerate disc. narrowing of the appropriate segments of the joint.

Cyst or geode formation in subarticular regions occurs in Medial migration may lead to protrusio acetabuli (Fig. 38.72B),
osteoarthritis as well as in rheumatoid arthritis and is found in the lateral migration to lateral acetabular restraining osteophytes and
weight-bearing areas, often associated with joint narrowing, ebur- new bone within the medial aspect of the acetabulum (Fig. 38.66).
nation and collapse of bone (Fig. 38.68). Capsular traction leads to buttressing new bone formation, usually

Loose bodies These are formed by detachment of osteophytes,
crumbling of articular surfaces or ossification of cartilage debris
(Fig. 38.69). Osteoporosis and bony ankylosis are not manifesta-
tions of degenerative disease. Indeed, hypertrophic new bone is
seldom seen in patients who arc osteoporotic. Osteoporotic
patients often fracture their femoral necks, but do not have masses

of new bone about their hips. Conversely, patients with florid
osteophytosis tend to have good bone density and fewer femoral
neck fractures. When osteoarthritis results in pain and immobility,
osteoporosis and soft-tissue wasting may result secondarily.

Fig. 38.67 (A,B,C) Patterns of degeneration (see text). Key: Grey = cartilage; black
= cortex; stripes = medulla. (D) Reduplication with new bone laid down on the arti-
cular surface.



Fig. 38.69 Osteoarthritis. (A) Right shoulder arthrogram. There is irregularity of the synovium and numerous loose bodies are demonstrated within the
j oint space. There is also a small rotator cuff tear. (B) MRI demonstrates degenerative changes of the knee with an effusion, loss of the medial meniscus,
marginal osteophytosis and a large loose body lying medially within the joint.

Osteoarthritis does not usually occur at the glenohumeral articula-
tion in the absence of a predisposing factor, for example the use of
crutches, or secondary to acromegaly, or with the malalignment that
follows a chronic rotator cuff tear. Golding (1962) has shown that
degenerative changes in the shoulder joint are closely linked with
soft-tissue degeneration. Radiological manifestations include
erosion, cysts and sclerosis of the greater tuberosity, cysts or irregular
sclerosis along the anatomical neck (at the site of the capsular inser-

on the medial, rather than the lateral, aspect of the femoral neck
(Fig. 38.66).

The end result is often a femoral head which shows bone loss in
weight-bearing areas and bone proliferation in non-weight-bearing
areas (Fig. 38.66). The acetabulum may he deepened following
medial migration or show new bone medially and superolaterally

following lateral migration of the femoral head.

Fig. 38.68 (A) CT scan of osteoarthri-
tis showing new bone formation within
the acetabulum and cyst formation at
the articular surface. (B) Osteoarthritis
demonstrated at MRI: sagittal STIR (fat-
suppression) sequence showing loss of
j oint space, subarticular cyst formation
in the tibia with oedema of the peri-
articular soft tissues, as well as an
effusion in the joint.
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cartilage and joint space (Fig. 38.74). Changes are commonly seen
at the acromioclavicular joint, with irregularity, sclerosis and cyst
formation at the articular surfaces.

This is the most commonly affected joint in clinical practice. It

consists of three compartments-a medial and lateral tibiofemoral,
and the patellofernoral. The hone most commonly involved in
osteoarthritic change is the patella, which is especially subjected to
large loads when the knee is flexed in a squatting position. Joint
narrowing, osteophytosis and articular irregularity can be seen at the
patellofemoral compartment on the lateral and skyline views, espe-
cially at the lateral facet of the patella, and the patella often migrates
outward. Changes are especially well shown at CT and MRI.

The lateral view also shows a scalloped defect of the anterior
distal femur, especially in severely affected women (Fig. 38.75).
Effusions and Baker's cysts are recognised on the lateral view.

Spiking of the tibial spines and osteophytes on the articular

margins are seen in early disease. Subarticular cysts occur with
severe disease. Joint narrowing affecting one or other compartment
results in valgus or varus deformity, best seen in erect AP views,
with gross buttressing osteophytosis on the side of the narrowing.
The opposite compartment may then he widened. Varus deformity
i s more common and is possibly related to the more common
medial meniscus abnormalities (Fig. 38.76). Osteoarthritis of the
knees is also more common in the obese. The fabella may also be
enlarged and irregular in osteoarthritis.

Fig. 38.70 (A,B) Osteoarthritis of the ankle. Articular irregularity with
synovial thickening and effusions as well as synovial diverticula are demon-
strated. Loss of articular cartilage is seen and erosive changes are demon-
strated, especially on the upper surface of the talus. Osteophytes are
demonstrated at the malleoli There is a very large anteriora lar osteophyte. L

associated with local synovial proliferation, seen on the sagittal images. The carpometacarpal joint of the thumb and the trapezioscaphoid
joint are commonly affected, especially in women (Fig. 38.77).

Lion) (Fig. 38.73); later upward subluxation of the humeral head These joints are seldom involved in rheumatoid arthritis. In
occurs in association with rotator cuff tears. Occasionally, however, osteoarthritis, in contrast to the changes in rheumatoid arthritis, the
examples of the more classical type of osteoarthritis are seen in the distal interphalangeal joints are most commonly affected, but any
shoulder, manifested by osteophytosis, sclerosis and marked loss of joint may be involved. Narrowing may affect all, or a few, distal
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Fig. 38.72 Patterns of osteoarthritis. (A) Superior migration of the femoral head. There is new bone on the medial aspect of the acetabulum.
(B) Osteoarthritis associated with protrusio acetabuli. (C) Migration of the femoral head is in a superomedial direction.

Fig. 38.71 Loss of the femoral head and deepening of the acetabulum
may be the end-stage of osteoarthritis.

interphalangeal joints, with large osteophytes on the distal pha-
l angeal bases and overlying soft-tissue swelling. There may be
small periarticular ossicles in the adjacent soft tissues (Fig. 38.78).

Though the structure of a disc and its surrounding vertebral end-
plates differs anatomically from that at a synovial articulation, the
radiological appearance of degeneration at both sites is similar. The

space between two opposing bones becomes narrowed and marginal
new hone formation, `articular' irregularity and sclerosis appear.
Later, malalignment may result. In the spine the marginal new bone
results from elevation of the paraspinal ligaments following disc
narrowing. New bone forms beneath the displaced and elevated liga-
ments. The outgrowth s-osteophytes-are generally laterally

directed. Osteophytes also develop on the concavity of a scoliosis,
no doubt also secondary to ligamentous redundancy, but act as a
buttress, similar to the restraining osteophytes in hip degeneration.

Disc degeneration alters mobility at the apophyseal joints, where
degenerative changes become manifest by joint space narrowing
and sclerosis. Facet slip at these joints results in encroachment on
exit foramina, and new bone around them may narrow the spinal
canal. Compressive symptoms result. Degenerative instability, scolio-
sis and spondylolysis may also result.

Patients are typically seronegative and complain of episodic pain due
to a symmetrical arthritis of the interphalangeal joints and, less com-
monly, metacarpophalangeal and carpometacarpal joints. Bone
density remains good but the joints show a mixture of marked joint
narrowing and erosion with florid base-of-phalanx new bone forma-
tion. The erosions spread across the entire joint surface, which then
collapses (Fig. 38.79). Fusion at interphalangeal joints or marked
deformity may result. Pathologically, the synovium is inflamed and

some patients seem to develop rheumatoid arthritis later.
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Fig. 38.74 Osteoarthritis
of the shoulder, classic
type-loss of joint space,
eburnation, cyst formation
and osteophytosis shown.

Fig. 38.76 Osteoarthritis. A
degenerate and torn medial
meniscus is associated with
marginal osteophytosis and a
subarticular cyst in the tibia. In
addition, there is spiking of the
tibial spines and at the inter-
condylar notch. An effusion is
also present.

changes are to be found. The next most common site of changes is
around the C6/7 disc, but degeneration is less common superiorly
(Fig. 38.80).

In established osteoarthritis, spinal movement is restricted
between flexion and extension. The normal lordosis is lost and the
spine is straightened in affected segments. A lateral view in flexion
demonstrates functional change with lack of movement at affected
l evels.

Oblique views confirm the level of degeneration, and show
encroachment on exit foramina at levels affected by disc narrowing
( Figs 38.81, 38.82).

Posterior vertebral body osteophytosis, disc narrowing and pro-
trusion, and longitudinal ligament displacement may all cause cord
compression (Fig. 38.83).

Fig. 38.75 Osteoarthritis of patellofemoral joint. There is a groove on the
lower anterior part of the femoral shaft (arrow).

Additional synovial joints, the uncovertebral or neurocentral joints
of Luschka, are found from C3 down and arc easily recognised on
the AP view. As elsewhere, disc degeneration results in narrowing
of these joints with ostcophytic lipping. In the adult, maximal
movement between flexion and extension occurs around the level of
the disc between the fifth and sixth cervical vertebral bodies and it
i s here that the earliest and also the most severe degenerative

Fig. 38.73 (A) Osteoarthritis of the shoulder-note excavation of the
upper part of the anatomical neck with local sclerosis, and cysts seen en
face (arrow). (B) Widespread abnormalities are present on this coronal
image of the shoulder. There is degeneration with an effusion around the
acromioclavicular joint, a subacromial bursitis and considerable thickening
of the rotator cuff, which shows a cyst in its body. In addition, there is a
distal tendinitis associated with an erosion of the greater tuberosity.
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Fig. 38.78 Osteoarthritis. joint narrowing
and osteophyte formation, with broadening
of the joint underlying the Heberden's
nodes. Fig. 38.79 Erosive osteoarthritis of the interphalangeal joints.

Appearance of destruction around some proximal and distal interpha-
l angeal joints.

Fig. 38.77 Severe osteo-
arthritis of the car-
pometacarpal joint of the
thumb.

Disc narrowing most commonly affects the L4/5 and L5/S I discs.
When the radiograph is initially inspected the number of lumbar-
type vertebral bodies should be noted. The first sacral body may be
totally or partially lumbarised, with a narrow disc between S I and
S2, or L5 may be sacralised. 11' the lowest free disc is `high' with
respect to the iliac crest, it is subjected to greater stress, and is more
liable to degeneration. Any departure from normal anatomy alters
the distribution of stresses and renders the local disc liable to pre-
mature degeneration. A unilateral pscudarthrosis between S I trans-
verse process and the iliac crest may be the seat of local
degeneration. Disc degeneration may result in fissuring and gas is
seen in the disc space-a `vacuum' phenomenon-as well as
calcification on occasion.

The lower lumbar facet joints cease to be symmetrical, so that often
one joint is seen and the other at that level is not (Fig. 38.84A). This
rotational change is associated with much new bone around the nar-
rowed facet joints and adjacent laminae, often with symptoms of
nerve root impingement. The changes are well demonstrated with CT
scanning (Fig. 38.84B), when the acquired asymmetry of the entire
neural arch is seen as well as the local new bone formation (trophism).
Slip at the facets narrows the exit foramina further.

Facet and disc degeneration may result in vertebral slip without
pars defects. With an excessive lordosis, contact between `kissing'
spinous processes may result in soft-tissue entrapment and local
pain (Fig. 38.85). As in the cervical spine, degeneration results in
loss of the curve, rigidity and loss of movement between flexion
and extension.

Possibly the earliest change in degeneration is circumferential
fissuring and radial tearing of the annulus. These changes, occur-
ring in the third and fourth decades, are associated with an abnor-
mal discogram. The MRI scan, however, may be normal, if loss of
disc height and dehydration have not yet occurred. Subsequent
dehydration and fissuring in the disc are associated with loss of
signal, so that the disc is no longer bright on T,-weighted images
(Fig. 38.87). Loss of disc height and of the lordosis occurs.
Osteophytes develop, especially anteriorly in association with ante-
rior annular tears. In the underlying vertebral body, oedema, cysts
or reactive new bone formation-so-called Modic changes-are
seen (Modic et al 1988). Posterior and anterior annular fissures, ini-
tially partial, which are intrinsically painful, extend to the distal
margins as full-thickness tears. The abnormal disc may show a
high-intensity zone (HIZ) (Fig. 38.88). This is a focus of high
signal, usually seen in association with severe degenerative change
i n the posterior aspect of the disc, and often in its protruded
segment. This area fills with contrast medium at discography. The
presence of Modic changes and a HIZ are often associated with
concordant pain at discography (Braithwaite et al 1998).

Disc material herniates into the canal, centrally or peripherally,
or into the exit foramina, or laterally. At all these sites nerve com-
pression can result in a radiculopathy (Fig. 38.89).

MRI demonstrates disc degeneration and protrusion well. Often
multiple areas of unsuspected disease may he seen. Not all,

Degeneration in the thoracic spine is common, but not usually
severe or significant, though girdle-type pain may result, or even The insertion of opaque contrast medium into the nucleus of the
l ong tract signs if disc material herniates posteriorly. disc is used to demonstrate the integrity of the nucleus and

Minor disc narrowing and osteophytosis is usually present anteri- annulus. Pain reproduction during injection confirms the level of
orly, especially in the elderly, often in association with a smooth abnormality prior to surgery (Fig. 38.86) and can demonstrate that
kyphos. a disc, which is abnormal at MRI, may be pain free. Conversely, a

disc that is normal at MRI may be abnormal at discography
(Fig. 38.80).



Fig. 38.80 Early cervicalspondylosis . (A) The plain film shows slinght by of We normal curve cenked around the C5/6 disc which is also minimally nar-
rowed. rxemuenvosteopxrte,a,pu. V0Thewxxuncvnomnmem/n/mu!/nomxeiemmmis uiz. Txereunvloss m`igrm!on^nouon^/pmtrvuv
mu/sc^!material. (c)A discogram confirms the presence of an annular tear with substantial leak of contrast. (o)Cervical `povuy!o,/s in a more advanced
form. The MR scan is abnormal with anterior discal bulging and marginal osteophytosis at C4/5 and C5/6 levels. (E) In the discograrn of the same patient
anterior and posterior annular tears are demonstrated with dorsal bulging. The anterior annular tears are shown to extend to the osteophytes.

1 . Erosions. These are caused by deposition of sodium hiurate
and are typically punched out in appearance. They tend to appear

however, will be symptomatic. Almost all elderly patients will
have evidence of spondylosis at one or more levels, but few are
symptomatic.
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Fig. 38.82 Oblique projection of
cervical spine showing large osteo-
phytic protrusions into the C5/6
i ntervertebral foramen (arrow).

Fig. 38.83 MRI of the cervical spine. Dorsal osteophytosis and distal pro-
trusion indent the thecal sac and cervical cord.

i n the shafts (Fig. 38.91). Cartilage destruction is a relatively late
manifestation. Usually much bony destruction is seen before carti-
lage loss supervenes. In the hand, gout tends to attack the distal and
proximal interphalangeal joints, whereas rheumatoid arthritis
affects the metacarpophalangeal and proximal interphalangeal
joints.

2. Osteoporosis is not seen except in advanced cases which have
been immobilised.

3. Tophi. These are shown as soft-tissue swellings eccentric in
distribution, in contradistinction to the fusiform soft-tissue
swellings of rheumatoid arthritis (Fig. 38.91). Eventually, both soft-
tissue and intraosseous tophi may become calcified (Fig. 38.92), but
this is uncommon,

Fig. 38.81 Cervical spondylosis. (A) There is early narrowing of the C5/6
disc and the beginnings of anterior osteophytosis. (B) Disc degeneration is
now pronounced, with both anterior and posterior osteophytes.

near joint margins. As they enlarge, they tend to involve more of the
cortex of the shaft rather than the articular surface (Fig. 38.90).
Large erosions extend to the articular cortex and enlarge diffusely

Differentiation between gout and multiple enchondromas may be
difficult radiographically. The tendency of multiple enchondromas
to spare bone ends is an important diagnostic point. The clinical
findings and history readily differentiate the two conditions.



Fig. 38.84 (A) The facet joints are no longer symmetrical and show fea-
tures of degeneration. (B) The CT scan shows gross new bone formation
around narrowed facet joints. There is marked bony encroachment upon
the exit foramina, especially the left. Gas is seen in the disc (vacuum
phenomenon).

I n practice, the most frequent difficulty is in differentiating gout
from rheumatoid arthritis. I mportant points are: the longer latent
period of gout; its eccentric, often gross soft-tissue swellings; and
tendency to attack distal interphalangeal joints. Osteoporosis is found
much more frequently in rheumatoid arthritis. Rheumatoid erosions
are not so sharply defined as those of gout. Calcified tophi are, of
course, diagnostic of gout. In difficult cases, differentiation will be
made by laboratory tests revealing a raised uric acid level in blood.

This condition was originally thought to be associated solely with
i ntrathoracic disease, but it is now known to be associated with intra-
abdominal and other diseases. The word `pulmonary' is best avoided
i n the title. The vast majority of cases are associated with intratho-
racic neoplasms, mainly bronchogenic carcinoma, up to 12% of

Fig. 38.85 Lumbar spondylosis. There is distal narrowing and a vacuum
phenomenon is present in the degenerative discs. Marginal osteophytes are
present. Inferiorly the facet joints show features of degeneration and, with
the increase in lordosis, the spinous processes are in contact.

which have hypertrophic osteoarthropathy, with the exception of oat
cell carcinomas. Hypertrophic osteoarthropathy is also associated
with secondary lung tumours. Its highest incidence is found with
fibrous mesothelioma of the pleura. Hypertrophic ostcoarthropathy is
more common with peripherally seated tumours.

Hypertrophic osteoarthropathy is also observed with bronchiecta-
sis, rarely with tuberculosis, and congenital cyanotic heart disease,
and may also be found with chronic liver and gut inflammatory dis-
orders. Even though hypertrophic osteoarthropathy is usually accom-
panied by clubbing, the latter should be separated on clinical,
radiological and pathological grounds.

Periostitis is seen earliest at the distal third of the radius and ulna
(Fig. 38.93), then the tibia and fibula, and then the humerus and
femur, metacarpals, metatarsals and proximal and middle phalanges
(Fig. 38.94). Distal phalanges are rarely affected. Radiologically,
soft-tissue swelling may be seen over distal phalanges if clubbing is
present, but the underlying bone is normal.

In the long bones, periostitis affects the distal diaphyses but the
bone ends are uninvolved. A single fine layer, or multiple layers, of
periosteal new bone, giving an onion-skin appearance, may be seen.
On occasion the periostitis may be shaggy. The new bone merges
with the cortex in longstanding cases. Endosteal new bone is not
seen. The axial skeletal is rarely affected.

Occasionally joint pain and swelling are related to an underlying
arthritis, usually of larger joints. Radiologically, osteoporosis and
effusions may be recognised but erosions do not apparently occur.

Radionuclide scanning in hypertrophic osteoarthropathy

Hypertrophic osteoarthropathy is a disease in which blood flow to
the limb is increased and new bone is formed. As expected, scanning
is an accurate and sensitive means of detecting disease, and the
changes are seen before those on the plain films. Increased uptake is
seen symmetrically along the shafts of affected long bones parallel-
i ng the cortices and thus differing from focal or widespread rnetasta-
tic foci. With treatment of the underlying condition, the changes
evident on both film and scan regress. Increased uptake on scan is
also seen around affected joints (Fig. 38.95).
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Fig. 38.86 (A) Simultaneous discography and radiculography demon-
strate a torn annulus, through which contrast medium escapes and
i mpinges upon the opacified theca. (B) The CT scan shows, in the axial
plane, the site of the annular tear and the displacement of the nucleus.
I ndentation of the opacified thecal sac is demonstrated.

Fig. 38.87 Lumbar degeneration. (A) The L5/S1 disc is clearly grossly abnormal showing loss of height and signal, together with a dorsal distal protru-
sion. At L4/5 there is early loss of signal. (B) The discogram at L4/5 shows an essentially normal nucleus, but there is a fine annular tear which is associated
with a bulge. No extraneous leak. This injection was extremely painful.

along the shafts to the epiphyses. A familial history is present in
over 50% of cases and males are said to be more commonly
affected. No related chest disease is found. The skin of the face,
especially the forehead, becomes thickened and greasy with acne
and hyperhydrosis.

In this condition radiological changes similar to those seen in
hypertrophic osteoarthropathy present early in life, often after
puberty. Though the periosteal new hone is like that seen in hyper-
trophic osteoarthropathy, it is often coarser and may extend further



Fig. 38.89 (A,B) MRI and discography demonstrate a dorsal distal protrusion with narrowing of the canal at
that level.

Fig. 38.90 Gout-erosion on
the medial part of the first
metacarpal extends away from
the joint surface.

This is a widespread disorder of connective tissue, which often pre-
sents with Raynaud's phenomenon due to small vessel occlusion.
Fibrosis of the skin, especially over distal phalanges, leads to

resorption of the distal phalanges and then progressively of the
middle and proximal phalanges. Soft-tissue calcification is seen,

This disorder is more common in young females and in black
Africans. It is associated with a `butterfly' skin rash over the
cheeks, with pleurisy, pericarditis, glomerulonephritis and psychi-
atric disorders. It may be precipitated by drugs.

Systemic lupus erythematosus may present with a symmetrical
peripheral arthropathy. Soft-tissue swelling and osteoporosis are
seen, but erosive change is minimal and uncommon. Soft-tissue
calcification also occurs around the joints and in blood vessels.
Alignment deformities of the hands are more typical, so that ulnar
deviation and swan-neck deformities are seen, which are reversible,
voluntarily and involuntarily.

Fig. 38.91 Very advanced gout. Note eccentric soft-tissue swellings,
i ntraosseous tophi extending to bone ends and lack of osteoporosis.

Avascular necrosis is common, being found in the hips, knees
and shoulder joints. It probably follows steroid therapy but, in view
of the high incidence (10°G-), may he due to the disease alone.

CI/C2 subluxation may be found.

Fig. 38.88 The HIZ T2- weighted MR sequence showing the posterior
high-intensity zone.
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Fig. 38.92 Gout-large calcified tophi in olecranon bursa.

Fig. 38.94 Hypertrophic osteoarthropathy secondary to pulmonary
neoplasm.

Fig. 38.93 Hypertrophic
osteoarthropathy-exuberant
periosteal reaction of the radius
and ulna. In this patient,
changes in the bones of the
hands were minimal.

especially over distal phalanges and around joints. Fibrosis may
lead to contractures (Fig. 38.96). These changes may be preceded
or accompanied by a polyarthritis similar to rheumatoid arthritis in

at least 10% of patients. Osteoporosis, joint space narrowing, ero-
sions and subluxations may be seen. Changes of an erosive
arthropathy in association with calcification should suggest the
presence of progressive systemic sclerosis. This is a so-called `overlap syndrome' comprising a mixture of fea-

tures of rheumatoid arthritis, dermatomyositis, systemic lupus ery-
thematosus and progressive systemic sclerosis.

Osteoporosis, soft-tissue swelling and joint space narrowing are
found at affected joints. The distribution also may mimic rheumatoid
arthritis, but distal interphalangeal joints may be affected and the
peripheral arthropathy may be asymmetrical. Erosive change is not

This arthropathy does not involve synovium but causes capsular
fibrosis. Deformities of the hands and feet that are initially
reversible occur. Lateral deviation of the hands and feet may be

Fig. 38.95 Hypertrophic osteoarthropathy. Generalised and symmetrical
diffuse increase in uptake is associated with thickening of the bony image at
isotope scanning.

seen when these parts are examined without weight-bearing. When
the hands are pressed down onto the cassette surface, the deformi-
ties vanish. The joint spaces are mainly preserved. True erosions
are not found, but so-called `hook' erosions of the metacarpal
heads are produced, possibly because of local capsular pressure
(Fig. 38.96). The patients are seronegative for rheumatoid arthritis.



Fig. 38.96 Scleroderma. Contractures result in pressure resorption of
bone at metacarpal necks. Para-articular calcification is prominent, as is
distal phalangeal sclerosis.

i nevitably present in these situations, which are a mixture of the sites
of rheumatoid arthritis and psoriasis. The distal phalanges show soft-
tissue loss, distal tuft bone resorption and calcification suggesting pro-
gressive systemic sclerosis. Ulnar drift, as in systemic lupus
erythematosus or rheumatoid arthritis, is also seen. Pericardial and
pleural effusions may be shown by chest radiography.

Arthrography involves the injection of iodine-based water-soluble
contrast media, or air, or both, into a joint. It has become less com-
monly used for two main reasons:

1. Arthroscopy is used as a primary diagnostic modality by the

surgeon who can proceed directly on to surgery. The knee, shoulder
and temporomandibular joints are all routinely examined by this
mode. Arthrography was as accurate in the diagnosis of meniscal
lesions as arthroscopy, but far less accurate for diagnosis of cruciate
ligament change as well as abnormalities of cartilage.

2. MRI has become more generally available. Changes can be
seen both in the joint, for example the menisci, cruciate ligaments
and cartilage at the knee, and also in the subarticular bone and in
the extrasynovial tissues. Changes of bone marrow, for example
oedema or haemorrhage, or in the adjacent ligaments and tendons,
can be assessed. Where MR1 is available, the use of arthrography
has declined dramatically.

Arthrography
The normal meniscus is triangular in cross-section. The lateral
meniscus has a posterior peripheral defect for a synovial tunnel in
which runs the popliteus tendon. In utero, the menisci are larger,
bisecting the joint. Rarely, this large bulbous fetal structure persists
i nto adult life as a discoid meniscus, usually on the lateral side, well
seen at arthrography and MRI, and on the plain film by widening of
the lateral compartment (Fig. 38.97).

Tears are seen as fissures containing air or contrast. They are
more common in the medial meniscus, especially posteriorly
(Fig. 38.98). They may be partial, or extend from the top to
the bottom of the meniscus, which may be partially or totally
peripherally detached.

Baker's cysts and loose bodies may be seen, and the state of the
articular cartilage in the region of the meniscal section under exam-
ination fairly well assessed (Fig. 38.99).

Optimal arthrography needs an experienced operator. It is advan-
tageous to have a fine-focus tube in the fluoroscopy unit. Only the
superficial surfaces of the internal structures of the joint are well
seen. Cruciate ligaments are not consistently well seen.

M RI
MRI shows not only the surfaces of the intra-articular structures but

also change within the menisci and cruciate and other ligaments,
and in adjacent structures bone and muscle.

Changes in the menisci have been graded 0-3 (Fig. 38.100).
Fluid or myxoid degeneration in the meniscus is seen as a band of
i ncreased signal on T, -weighted and STIR images in the body of
the meniscus (Grades 1-2) (Fig. 38.97). If the signal extends to the
meniscal surface (Grade 3), a tear is present (Fig. 38.101). Grade
1 -2 changes can, with time, become Grade 3 lesions. Recurrent
tears post meniscectomy are also easily diagnosed. Cysts at the
periphery of the meniscus extend into the adjacent soft tissues as
adventitial bursae (Fig. 38.102).

The cruciate ligaments are especially well shown. The posterior
i s thick and easily seen and it is not often damaged (Fig. 38.103).
The anterior is thinner, runs obliquely to the sagittal plane and is
l ess well seen, but is more easily damaged (Fig. 38.104), often in
association with a medial meniscal tear. Fluid may be seen in the
ligament following acute injury or there may be total retraction.
Chronic changes are of fibrosis and deformity.

The collateral ligaments are well seen on coronal images and
tears, especially of the medial, can be identified following injury
(Fig. 38.105).

STIR weightings show oedema in the articular cartilage and
oedema, bruising or cysts in the underlying bone (Fig. 38.106).
Degenerative changes are best seen at MRI, often in the presence of
l ocal meniscal abnormalities (Fig. 38.68B).

Baker's cysts may rupture, causing symptoms similar to those of
a deep vein thrombosis. These cysts can be seen on occasion on a
plain film, but are well shown with ultrasound (Figs 38.33, 38.34),
arthrography (Fig. 38.107) or MRI (Figs 38.20, 38.99), as is the
leak. A negative venogram rules out a deep vein thrombosis, but the
popliteal vein may be displaced by the cyst.

Ultrasound
Ultrasound is of limited value in the knee, as the vulnerable struc-
tures are contained deep in the joint. The sound waves cannot pass
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Fig. 38.97 Discoid meniscus. (A) The plain film shows dishing of the
l ateral tibial plateau. (B) Arthrography. The meniscus extends medially to
the midline of the joint and has a bulbous internal aspect. (C) The MR scan
shows the same external contour of the meniscus as the arthrogram but
shows cystic degeneration within the structure of the meniscus. Note also
the increase in signal at the metaphysis-a normal feature.

Fig. 38.98 Double-contrast arthrography of the knee showing total
peripheral detachment.

through bone and so deep structures cannot he visualised.

Nonetheless, superficial soft tissues can be seen, including the

patellar tendon (Figs 38.31, 38.32), collateral ligaments and

superficial meniscal parts (Fig. 38.23), as well as effusions.

Radioisotope scanning

Single photon emission computed tomography (SPECT) can he

used to show meniscal abnormalities by demonstrating increase in

uptake in the condyles and tibial plateau. Changes at SPECT arc
said to have both high sensitivity and specificity (Fig. 38.108).

Fig. 38.99 Sagittal T,-weighted image of the knee. The medial meniscus
i s torn. There is a large Baker's cyst which contains loose bodies.



Arthrography
This is used especially to demonstrate tears of the rotator cuff and
the long head of biceps, but also to demonstrate loose bodies and to

assess joint volumes in restrictive capsulitis.
The normal shoulder has an intact Mahoney's line (cf. Shenton's

line) and a space of 1-1.5 cm between the humeral head and the

acromion. This space consists (from above downward) of the sub-
acromial bursa, the rotator cuff, the long head of biceps and the
shoulder joint space proper. The two synovial spaces are thus sepa-

Fig. 38.101 Tear of the posterior horn of the medial meniscus asso-
ciated with a tibial cyst. Peripheral meniscal cysts originating from
degenerate menisci are seen on sagittal, axial and coronal images at
MR scanning.

Fig. 38.102 (A,B) A medially directed cyst related to an abnormal posterior
horn is shown in coronal, axial (A) and sagittal (B) images. The cyst is palpable
beneath the skin and serial images track its communication to the interior of
the joint.

Fig. 38.100 Classification of meniscal change at MRI from normal to
tear, according to Mink et al (1993).
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Fig. 38.106 Bone bruising in the medial femoral condyle well demon-
strated on a sagittal fat-suppression image of the knee.

the acromion, which may be scalloped by the elevated humeral
head (Fig. 38.110) (see also Fig. 38.19A). Contrast medium fills the
Subacromial bursa from the glenohumeral joint and lies lateral to
the shoulder joint capsule and humeral head.

Double-contrast arthrography may be combined with CT scan-
ning. This especially demonstrates the presence or absence of artic-
ular cartilage at the glenoid labrum and humeral head, as well as
showing the presence or absence of a hatchet defect following
recurrent dislocation (Fig. 38.111). The hatchet or Hill-Sachs
deformity is usually a posterior defect of the humeral head. It
follows chronic dislocation of the humeral head in the commoner
anterior direction, so that the anterior glenoid impacts upon the pos-

Fig. 38.104 Sagittal T,-weighted MR sequence of the knee showing an
i rregular and ruptured anterior cruciate ligament (arrow).

rate (Fig. 38.109). The normal joint also shows a normal Subcora-
coid recess and an axillary recess.

With chronic rotator cuff tears, the defect in the tendon allows
the humeral head to sublux upward, that is, it comes to lie beneath

Fig. 38.105 Coronal T2- weighted image of the knee demonstrates a tear
of the medial collateral ligament.
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Fig. 38.108 Radioisotope bone scan (SPECT) of the knee shows focal
areas of increase in uptake (arrows) at sites of proven abnormality of the
menisci. (Courtesy of Dr I. Fogelman.)

terior aspect of the femoral head. Labral and bony defects of the
anterior glenoid also result.

In addition, the long head of biceps tendon is well demonstrated
i n its sheath. Foreign bodies are especially easily shown in the
shoulder.

Here again, 'however, where available, MRI has largely super-
seded arthrography and CT arthrography, largely because it is non-
invasive.

Fig. 38.110 A rupture of the rotator cuff is seen at shoulder arthrogra-
phy, with contrast medium filling the subacromial space.

MRI
MRI shows changes within the tendons. Attention should be
directed to the acromioclavicularjoint on coronal images as bone
and soft-tissue hypertrophy cause compression and oedema of the
underlying supraspinatus muscle.

The presence of a subacromial osteophyte has been shown to
lead to changes in the underlying rotator cuff tendon. This impor-
tant spur of bone causes first pressure atrophy and subsequent
rupture of the tendon (Fig. 38.1 12). Tendinitis is seen as an increase
of signal in the normally low signal of the tendon. Tears may be
partial and superior or inferior, or total (Fig. 38.113). Tendon
retraction occurs, and the humeral head subluxes upward.

Fig. 38.109 A normal shoulder arthrogram showing the extent of the
glenohumeral synovium. There is no contrast beneath the acromion. The
synovial reflection around the long head of biceps tendon is shown.

Fig. 38.107 Rupture of a
Baker's cyst is demonstrated. This
is probably chronic, as the cavity
in the calf has a smooth margin.
(Courtesy of Dr A. R. Taylor.)
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Fig. 38.113 Total rotator cuff tear with retraction. Axial CT of the shoul-
der demonstrates an anterior labral tear.

Fig. 38.114 A tear of the labrum glenoidale anteriorly shown at MR
scanning. Fluid provides the contrast medium on the T1 - weighted image.

Ultrasound
This is fast becoming the first investigation of choice for rotator
cuff tear and long head of biceps pathology, but requires operator
skill with a significant learning curve in carrying out the technique,
as well as a cooperative patient, who is able to achieve satisfactory
positions for assessment of each tendon of the rotator cuff.
Ultrasound gives more detail of the internal structure of the tendons
making up the rotator cuff than does MRI (Figs 38.115-38.118),
and can differentiate between synovial thickening and/or the pres-
ence of synovial fluid (Fig. 38.29). The real-time nature of ultra-
sound enables dynamic assessment of the rotator cuff for
i mpingement and the biceps tendon for subluxation (Fig. 38.1 19).
In addition, the acromioclavicular joint can also be assessed for
degenerative change, the presence of effusion or erosion and also
dynamically of subluxation. Hill-Sachs deformities may also be
demonstrated (Farm et al 1996, Cica et al 1998).

Fig. 38.112 A subacromial osteophyte is associated with local tendinitis
(T,- and T 2-weightings).

Degenerative cysts are often seen at the rotator cuff insertion, and
are well seen on STIR or T,-weighted images.

Axial scans show the long head of biceps tendon in its sheath;
tenosynovitis may be present with a distended sheath.

The labrum is usually seen as a triangular structure arising from
the anterior and posterior glenoid' margins on axial scans, and the

upper and lower margins on coronal images. Tears or detachments
are shown on T, or STIR weightings, giving an appearance similar
to those seen after the introduction of contrast medium into the joint
and CT scanning (Fig. 38.1 14).

I nvestigation of ligamentous injuries is the main indication, but
arihrugraphv is seldom used in practice in studying this joint. In the



Fig. 38.119 Axial scan showing the long head of biceps (arrowheads)
subluxed onto the lesser tuberosity (LT), and an empty low echogenic
bicipital groove (BG), indicating tear of the transverse humeral ligament.

M RI
MRI has proved to be of great value in the ankle. Effusions are seen,

as in other joints. Tendons around the joint arc assessed. Thicken-

ing, loss of clarity and increase in signal are especially well seen in

the tendons behind the malleoli, with distension of the sheaths

(Fig. 38.120). Tenosvnographv need no longer he performed.

Fig. 38.117 Coronal oblique scan of supraspinatus full-thickness tear.
There is an area of low echogenicity between the two points indicated (*),
which contains a mixture of low-echogenic debris. Note how the deltoid
muscle (dt) dips into the defect in the supraspinatus tendon (ss).
GT = greater tuberosity; H = humeral head.

normal arthrogram, contrast medium may extend upward for I cm

i nto the inferior tibiofibularjoint. In ligamentous and capsular rup-

tures, contrast medium will seep into adjacent tissues and into

tendon sheaths.

Fig. 38.116 Coronal oblique scan of supraspinatus calcific tendonosis.
The supraspinatus tendon (ss) is of heterogeneous low echogenicity with
foci of high echogenicity (arrowheads), some of which cast acoustic
shadow consistent with calcification. Skin (sk), fat (ft), deltoid muscle (dt)
and humeral head (H) are shown.

Fig. 38.118 Coronal oblique (A) and axial (B) scans of massive full-
thickness rotator cuff tear. The skin (sk), fat (ft) and deltoid muscle (dt)
between the double-headed arrows and synovium of subdeltoid bursa (br)
are the only layers of soft tissue seen between the subcutaneous fat and
humeral head (H). Note the irregularity of the humeral head contour in B.
Cr = coracoid process.

Fig. 38.115 Coronal oblique scan of a normal supraspinatus tendon. The
layers of tissue that should be seen are: skin (sk), fat (ft), deltoid muscle
(dt), brightly echogenic supraspinatus tendon (ss), low echogenic hyaline
cartilage (hy), high echogenicity of the cortex of the humerus (H) and
greater tuberosity (GT).
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Fig. 38.123 MRI of the triangular cartilage. There is bright signal within
the bulk of the triangular cartilage extending to its distal surface.

Fig. 38.124 Sagittal scan of a ganglion (Gg) arising from an interpha-
l angeal joint (IPJ). The ganglion is anechoic consistent with being fluid
filled, and has a 'speech bubble' shape, the tail extending between the
phalanges (PH) into the joint.

Fig. 38.121 Total rupture of a thickened tendo Achilles demonstrated at
MRI. Fluid fills the space between the retracted parts.

Fig. 38.125 Loosening
of the hip prosthesis is
demonstrated at arthro-
graphy. Contrast medium
surrounds the acetabular
component and tracks
down the femoral stem.
There is also a defect in
the bone through which
contrast medium escapes
i nto the soft tissues.

Fig. 38.122 I njection of the radiocarpal joint space has demonstrated a
tear of the triangular cartilage and filling of the distal radioulnar joint at
arthrography.



Fig. 38.126 Synovial tuberculosis. (A) The plain film shows bone and
cartilage destruction on both sides of the joint. (B) The arthrogram shows
gross irregular synovial hypertrophy. The geode does not fill.

The Achilles tendon is especially well shown. Tendinous thicke-
ning and central necrosis may be followed by rupture (Fig. 38.121).
These changes are all seen in ultrasound scans too (Figs 38.26-
38.28).

Ultrasound
As described above `ultrasound', shows the internal structure of the
tendons around the ankle and is useful in the assessment of inte-
grity of the tendon, synovial sheaths and also dynamically con-

Fig. 38.127 Technetium bone scan. (A) Anterior scan of pelvis.
(B) Oblique scan of right hip. The prosthesis can be seen as a defect on
the scan and there is increased uptake around it, especially at the femoral
component.

firms the presence of subluxation, for example of the peroneal
tendons.

Changes in bone-avascular necrosis, osteochondritis of the talar
dome, stress fractures, degeneration and bruising-are all well
shown by MRI.

The deltoid, talofibular and spring ligaments can all be seen at
MRI.

Arthrography
Arthrography of the elbow is usually performed in the search for
loose bodies. Capsular ruptures are shown by spreading of contrast
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Loosening is shown at arthrography by tracking of contrast
medium between interfaces (Fig. 38.125). This is especially seen at
the femoral component, but a thin (less than 1 mm) smear of con-
trast medium around the cup does not necessarily indicate loosen-

i ng, especially if it covers the entire cup.
Infection also causes bone resorption at interfaces, but occasion-

ally sinuses develop. Sinograms then show a connection with the
prosthesis. Bone resorption is usually more severe and focal.

Synovial lesions or loose bodies may also be demonstrated by
arthrography (Fig. 38.126). The needle is again inserted vertically

over the central part of the femoral neck.

Radionuclide bone scanning and prosthetic loosening
Following insertion of a prosthesis, increased uptake of tracer is to
be expected in the surrounding bone. This is uniformly distributed
and lasts for up to 1 year, after which no increase is seen. No con-
clusion about the abnormality can be drawn in this early stage.
After this ti me,. focal increase in uptake using 9"'Tc-labelled MDP
tracers can be assumed to represent infection or loosening or both.
Such uptake is most commonly found at the tip of the femoral pros-
thetic stem and along its lateral margin (Fig. 38.127).

Differentiation between loosening and infection cannot be made
using 99

niTc scans, though a negative technetium scan probably
rules out these factors as a cause of hip pain. Differential scanning
using 57 Ga-citrate in addition to technetium is said to differentiate
between loosening and infection. Gallium localises well in leuko-
cytes at the site of infection. This change is best seen 24 hours after
injection, when the vascular phase of increased local uptake is over.
A positive technetium but negative gallium scan indicates loosening
alone; if both are positive, infection is probably present.
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Indications Most adult hip arthrograms are performed to assess
either loosening or infection of a prosthesis. These patients complain
of pain of increasing severity, often years after hip replacement.
Such complications arise in up to 20% of patients, and 5% are
infected.

Methyl methacrylate cement causes thermal necrosis of bone. A
1-mm zone of lucency is thus to be expected at the cement-bone
interface, especially around the cup of the acetabular prosthesis.
Lucency between cement and metal is less prominent and may
result from movement during insertion of the prosthesis, pressure
on weight-bearing or osteoclastic stimulation. Excessive or progres-
sive widening of the interface lucency, or settling of the prosthesis
into bone or cement, may indicate loosening or infection with
resorption of bone.

Indications for investigation include:

I. Evaluation of hip dysplasias-congenital dislocation of the
hip, proximal focal femoral deficiency, epiphyseal dysplasias
(see Ch. 35)

2. Evaluation of Perthes' disease (see Ch. 37)
3. Assessment of synovial infection, inflammation or tumours
4. Localisation of loose bodies
5. Assessment of pain following total hip replacement.

This investigation may also be used to assess tendons and synovial
reactions. In addition ultrasound has the advantage of assessing the
ganglia (which are thought to be secondary to protrusions of encap-
sulated synovial tissue) and confirming the fluid nature of these and
their origin from a joint or tendon (Fig. 38.124).

MRI demonstrates the triangular cartilage well in coronal images,
and oedema, tears and detachments are seen (Fig. 38.123).

Collateral ligaments around small joints are demonstrated as well
as the deep and superficial tendons in the hand.

Axial images of the wrist are also used in the carpal tunnel

syndrome. Bowing of the flexor retinaculum and compression of the
i ntermediate signal median nerve in the tunnel are associated with

l ocal oedema.

Arthrography
This technique has been used to demonstrate the integrity of the trian-
gular cartilage. Injection of the radiocarpal joint at fluoroscopy shows
a tom cartilage and filling of the distal radioulnar joint (Fig. 38.122).
Unfortunately this can occur as a normal variant in up to 15%. The
joint spaces around the proximal row of carpal bones fill during this
injection, but the distal intercarpal joint spaces should not if the local
ligaments are intact.

medium into adjacent soft tissues. Intra-articular loose bodies

are outlined by contrast medium, but are better seen at CT scan-
ning.
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bone infarction. An increased incidence of both benign and malig-
nant neoplasms is known to tallow radiation therapy.

Bone tumours present radiological problems that vary from simple
to impossible. Whilst benign and innocuous lesions such as fibrous
cortical defects are common, and may occur in up to 30% of normal
children. primary malignant tumours of bone arc relatively rune and
are responsible for only I(/r of all deaths from neoplasia.
Consequently most radiologists will see comparatively few cases
and, even in referral centres, considerable difficulty often arises in
making an exact diagnosis.

When presented with a lesion in a bone, three important questions
require to be answered:

• Is the lesion neoplastic or infective?
• Is it benign or malignant?
• Is it a primary or secondary neoplasm?

hi many cases, these problems can be resolved without hesitation. In
others. notably those in which cartilaginous tissue is involved, great
difficulty HIM' be experienced. It must never be Iorgotten that it is
much more common Ior malignancy in bones to be ntetastatic rather
than primary. It is important that a radiological diagnosis should be
made belorc biopsy. An apparently simple radiological diagnosis may
not be confirmed histologically and vice versa. Biopsy itself may
significantly alter radiological features. It is also important to remem-
ber that although the pat hi logist may be regarded as the final arbiter,
f ully representative material must be available for opinion, and this
may require sectioning the whole lesion. On the one hand, in sonic
benign conditions, such as non-ossiI vine fibroma or an osteochon-
droma, it may be considered unnecessary to resort to pathological
confirmation, and a conservative attitude or t eatment by a minor surgi-
cal procedure may be adopted. On the other band, if a more radical
course is being considered. radiology serves not only to provide a diag-
nosis but also to delineate soft-tissue and bony involvement. thereby
permitting procedural planning. Inadequate investigations have occa-
sionally been responsible for erroneous diagnoses of benign lesions as
malignant, resuItilag in unnecessary surgical procedures, including such
i atrogenic disasters as amputation.

Many different types of bone tumour are now recognised,
varying greatly in their mode of clinical presentation_ pathology and
behaviour. 'their aetiology remains obscure. Some appear to be
superimposed upon a pre-cyisting disease such as Paget's disease or

Before attempting to interpret the radiological features of a bone
tumour, consider the age of the patient and the clinical history.
Many tumours are found in fairIN, constant age groups. The history
may be less useful as many lesions present with non-specific fea-
t ures of pain. swelling or pathological hraclurc However. lesions
arc not infrequently discovered b\ chance. The sex incidence in
primary bone [ 111110 1.11- S i s of little diagnostic value. although of rele-
vance in skeletal metastasis.

The conventional radiograph is vital in establishing the diagnosis
or differential diagnosis of a bone lesion and rs supplemented here
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It would be convenient to classify bone tumours according to their
cell of origin or histo`genesis. However, bistologically the exact cell
of origin of a tumour is not always certain and typing may depend
only on the cell or cells that predominate in the developed lesion. In
some cases, a single tumour may produce several major different
types of cell line (e.g. osteosaranna); in others, undifferentiated
small round cells may he a predominant histological feature, per-
mitting only a broad collective diagnosis of malignant round
cell tumour. A number of interrelated connective tissue cells are
present in hone, and Irom this skeletal connective tissue, the major-
ity of bone tumotn-s appear to arise. Other bone tumours are related
to non-osseous components of the skeleton. including blood vessels
and nerves. Those associated with Iiacrnatopoietic and lymphoretic-
ular elements are discussed elsewhere (see ('h. 41 ).

A classification of hone tumours is suggested in Table 39. I . Non-
neoplaslic tumotn- s (the word tumour i s synonymous with a
Swelling), abscess, baematoma and so forth, have been i ncluded
since they must feature in the differential diagnosis. Never forget
that a radiologically unusual metastasis is commoner. particularly
i n older patients, than a primary tumour.



A. Presumed to arise from skeletal tissue
Bony origin? Bone island Osteosarcoma

I vory osteoma Parosteal osteosarcoma
Osteoid osteoma
Osteoblastoma

Cartilaginous? Chondroma Chondrosarcoma
Chondroblastoma Dedifferentiated
Chondromyxoid fibroma chondrosarcoma

Mesenchymal
chondrosarcoma

Fibrous? Fibrous cortical defect Fibrosarcoma
Non-ossifying fibroma
Desmoplastic fibroma Fibrous histiocytoma
Fibromatosis
Atypical Paget's disease Paget's sarcoma

Giant cell Giant cell tumour Malignant giant cell
containing? Aneurysmal bone cyst tumour

Hyperparathyroid brown
tumour

B. Presumed to arise from other tissues in bones
Blood vessels? Hemangioma Angiosarcoma

Cystic angiomatosis
Haemangiomatosis
[ Massive osteolysis/

vanishing bone
disease]

Glomus tumour
[ Haemangiopericytoma]

Nerves? Neurofibroma Neurofibrosarcoma
Neurilemmoma Neuroblastoma

Fat? Lipoma Liposarcoma
[Intraosseous and
parosteal]

Notochord? Chordoma
Epithelium? I mplantation dermoid Adamantinoma

Lymphoid/ Leukaemias
haematopoietic? Lymphomas
(see Ch. 41) Plasmacytoma

Myelomatosis

C. Presumed to arise from joints
I ntraosseous ganglion Synovioma
Pigmented villonodular

synovitis
Synovial chondromatosis

( Differentiate from: Synovioma
osteoarthritic cyst
rheumatoid geode)

D. No known origin
Solitary bone cyst Malignant round cell

tumours
(including Ewing's,
neuroblastomas,
reticulosarcoma)

E. Non-neoplastic tumours
(a tumour is a Brodie's abscess

swelling!) Hydatid
Haematoma
I nfarction
Flistiocytosis

Fig. 39.1 Multiple skeletal metastasis is demonstrated on a whole-body
radionuclide bone scan. The primary tumour was carcinoma of the breast in
a middle-aged woman. Note the predominantly axial distribution of the
l esions, many of which were not apparent on conventional radiographs.
(A) PA view. (B) AP view.

necessary by CT, scintigraphy, angiography and MRI. Questions to
consider include:

With the exception of multiple ostcochondromas of diaphyseal
aclasia and multiple cartilage tumours in dyschondroplasia, most
primary bone tumours are solitary.

99 "Tc-HDP scintigraphy is commonly used to establish whether
or not the lesion is unifocal (Fig. 39.1). Other abnormal foci may
then be subjected to radiographic examination. Difficulties will he
experienced in myelomatosis when most lesions are photon
deficient, or with metastasis from some primary carcinomas, such
as cholangiocarcinoma or primary pelvic lesions, including cervix
uteri. The high false-negative detection rate in these tumours may
justify the more time-consuming and expensive radiographic skeletal
survey. Never forget to take a radiograph of the chest, whether or
not a skeletal survey has been undertaken. The diagnosis becomes
easier if a bronchial carcinoma or an obvious metastasis can he
detected.

It is of some value to differentiate between flat bones and tubular
hones because, for example, lesions in the axial skeleton or proxi-
mal ends of long hones are in the sites of persistent haematopoietic
tissue and should always raise the possibility of a metastasis or



CT has an important part to play both in the assessment of the
primary presenting lesion and in the detection of potential metasta-
tic dissemination. CT will give an impression of the predominant
variety of tissue present. particularly if there is fat or calcification.
It will not necessarily indicate whether those tissues are benign.
Examine the intraosseous extent of the tumour, looking for subtle

Is there a narrow or wide zone of transition between apparent
tumour and normal hone? A wide zone of transition suggests a
l esion that is rapidly growing, such as an aggressive malignancy or
i nfection. Is the zone of transition marked with bone reaction or

not'? A thin rim of sclerosis is present characteristically around a non-
ossifying fibroma, whereas extensive sclerosis is typical of a cortical
osteoid osteoma. Of course, these findings are not constant and ill-
defined sclerosis with a widened zone of transition may occur in
such benign conditions as histiocytosis. Examine the cortex: is it
rcsorbed from within, indicating a medullary lesion such as a carti-
l aginous tumour or myclomatosis? Peripheral cortical lesions arc
more commonly caused by pressure or direct invasion from abnor-
malities in adjacent soft tissues. Exceptions to this are the 'sauceri-
sation' of Ewing's sarcoma and metastasis. If the margins of such a
cortical defect are smooth the lesion is usually benign, for example
a neurofibroma, or non-neoplastic, as in the case of anterior erosion

of vertebral bodies by an aortic aneurysm. Conversely, an irregular
margin may suggest invasion by a malignant soft-tissue lesion, for
example metastasis, or direct invasion by carcinoma of the antrum
or lymphoma. Finally, is there an associated soft-tissue mass? The

This procedure may be performed as the first additional investiga-
tion in most instances, depending on the availability of MRI or CT.
High-resolution -anima camera images using ` I"Tc-labelled
diphosphonate compounds provide optimal images. Two phases of
the bone scan should he recorded. First, by counting the first
300 000 events after the injection a blood-pool scan is obtained
while the radiopharmaceutical is still largely in the intravascular or
perivascular cxtracellular fluid space. Two to three hours later the
skeleton is imaged, when the radiopharmaceutical has localised in
bone and is in the delayed or hone-scan phase. The blood-pool
phase is vital and should never be overlooked. Scintigraphy may be
used to assess the primary presenting lesion and to detect whether it
is monostotic or accompanied by other skeletal lesions, such as
metastasis.

Examine the blood-pool phase: is the lesion vascular, as in an
aneurysmal bone cyst, or avascular, as in most cartilage tumours?
Does the lesion itself accumulate radiopharmaceutical, suggesting
that it is being bound into a fibrous, cartilaginous or hone-forming
matrix, or is the lesion essentially photon deficient with increased
activity surrounding it, suggesting either a heterogeneous tumour
or a host reaction? Does the lesion extend beyond the confines
demonstrated by plain film, remembering that the apparent extent
of intraosseous involvement can be slightly greater because the scan
may not distinguish between bone-forming tumour and a rim of
reactive host response'? If the lesion is photon rich, check the lungs
since metastases from an osteosarcoma are occasionally detectable
by hone scanning. Finally, are there any lesions elsewhere'? If so,
radiograph them.

Never settle for anything less than perfect plain films. It is import-
ant that soft tissue detail is not lost on an overexposed film, because
soft-tissue tumour extension typically presents a well-defined
margin, whereas soft-tissue swelling associated with inflammation
has ill-defined margins. Similarly, soft-tissue calcification or
ossification may be overlooked. Do not settle for underpenetrated
films as the inner texture of a tumour may be overlooked, for
example the ground-glass quality of fibrous dysplasia, or the radi-
olucent focus of an osteoid osteoma may not be visualised. Take
films 'around the clock'. Simply because periostcal new bone
cannot be visualised on a standard AP and lateral film does not
mean that it will not he present on an oblique projection. Is the
pattern of hone change destructive, proliferative or both'?
Correlating the size of the lesion with the length of history may be a
guide as to its rapidity of growth and, similarly, follow-up films
permit an assessment of its aggressive potential or malignancy.
Tumours of ostcoblastic origin are commonly, but not always, hone
producing. Consequently, areas of increased density and/or sur-
rounding new bone formation extending into soft tissue are likely to
he evident. Cartilaginous tumours are mainly radiolucent but small
loci of calcification represent an important hallmark.

Tomography has been largely superseded by CT and MRI. The
object of a tomogram is either to delineate the characteristic radio-
logical features summarised above or to assist demarcation of the
intra- and extra-osseous extent of the abnormality.

All further investigations are performed in order to delineate or
elicit differential characteristics of a lesion already demonstrated on
conventional radiographs, to precisely define the local extent of the
l esion and to exclude the presence of metastasis. Where appro-
priate, imaging studies are required to monitor preoperative (neo-
adjuvant) chemotherapy and to detect recurrent disease.

Many benign tumours tend to appeal - i n characteristic sites: for
example, non-ossifying fibroma and fibrous cortical defects arc by

definition in the cortex, eccentrically toward the metadiaphysis of a
long bone. Chondroblastoma occurs in an epiphysis or apophysis.
Giant cell tumour is almost invariably immediately subarticular and
eccentric in location. Most tumours of cartilaginous origin, except
those that are associated with an osteochondroma, have a medullary
location.

l ymphoma. Osteoid osteoma is very rare in membrane bone. A radi-
olucency in the mandible is more likely to be myeloma than metas-
tasis. Although no part of the skeleton is exempt from involvement
by a primary hone tumour, a large proportion is found in the pelvis
and long hones, particularly around the hips and knees.

presence of a soft-tissue mass frequently can be shown in relation
to malignant hone tumours, although oblique views may he necess-
ary to delineate it. An ill-defined soft-tissue mass is almost invari-
ably associated with an inflammatory lesion. Examine the margin of

the soft-tissue lesion to sec whether or not there is a thin shell of
bone as occurs in some aggressive types of aneurysmal bone cysts,
particularly those arising in the spine.
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changes in medullary fat. Examine also extraosseous extent and soft-
tissue relationships. Contrast medium enhancement is of little value,

because most tumours do not enhance in a diagnostically useful
fashion. However, the vascular nature of a tumour may be detected
and the relationship of the soft-tissue component of the tumour to
blood vessels can be assessed. CT detects more pulmonary metastasis
than is possible with a conventional chest radiograph.

vogue. Very vascular tumours may be infarcted before resection or
intra-arterial chemotherapy given.

MR images have come to be of prime importance in the assessment
of bone and soft-tissue contrast, with the ability to distinguish
between various soft tissues by altering pulse sequences. Not only
is a superb delineation of intra- and extra-osseous extent of tumour
possible, but also the flexibility of imaging planes permits advanta-
geous visualisation for tumour staging and planning of surgery.
lntraosseous oedema and extra-osseous inflammatory response may
be demonstrated. The relationship between tumour masses,
inflammatory response, blood vessels and other important struc-
tures such as joints may be demonstrated very accurately. This infor-
mation is of prime importance in planning limb-salvaging
procedures and assessing whether or not soft-tissue compartments
are breached. Small foci of calcification and fine osseous detail may
not be visualised however. CT remains valuable for this purpose.
Similarly, current images of the lungs are not yet of high enough
resolution to confidently detect the presence of a small metastasis.

Again, CT is recommended for this purpose.
A measure of tumour aggressiveness may be obtained by measur-

ing the rate of enhancement following intravenous contrast medium;

well-perfused, often cellular tumours, accumulate a high concen-
tration of gadolinium, the rate at which this accumulates correlating
well with biological activity. MRI is also invaluable in monitoring
tumour response to neoadjuvant chemotherapy, as in osteogenic
sarcoma, before limb-salvage surgery. Also it may help determine the
appropriate adjuvant (postoperative) chemotherapy. An indication of
the tissue content of a lesion such as fat, haemorrhage, fibrosis or fluid
may be evident from the MR images. Fluid-fluid levels characteris-
tically are seen in aneurysmal bone cysts due to suspended solid old

haemorrhage material creating a layering effect within the fluid.
Highly cellular tumours, such as those containing chondroid material,

Angiography has been the subject of fashion but in recent years has
fallen into disrepute. The initial hope that it would, in isolation, distin-
guish reliably between benign and malignant lesions has foundered.
No characteristic angiographic feature of malignancy exists. However,
two signs-encasement and tumour vessels occur with much greater
frequency in malignant tumours. Encasement results from the vessel
being surrounded by tumour and hence is shown by a localised
segment of narrowing. Tumour vessels arc defined as structures
pursuing a random course with an irregular branching pattern.

Angiography should be used in the differential, rather than in the
absolute, diagnosis of a lesion, as for example to distinguish
between tumour and infection. A malignant round cell tumour has
an intrinsically abnormal vascular pattern, whereas osteomyelitis is
characterised by an increased number of normal arterial branches
and enlarged periosteal veins. Similarly, angiography may be used
to distinguish between tumours, since osteosarcomas are highly
vascular, whereas most chondrosarcomas are hypovascular. It is
arguable, however, whether angiography now contributes sig-
nificantly to the assessment of primary tumours and their extent, as
much of the information obtainable on angiogram may be obtained
by scintigraphy, CT and MRI.

Angiography, however, may still be necessary in order to delin-
eate the involvement of major vessels by extension of a tumour into

soft tissues when prosthetic or other limb conservation surgery is
being considered. Interventional angiography has also enjoyed a

Fig. 39.2 Metastatic
carcinoma of the
bronchus. Sagittal T1 -

weighted (A) and STIR
(B) MRI sequences
obtained in the body coil
demonstrate extensive
metastasis throughout
the thoracolumbar spine
and liver. The primary
bronchial carcinoma is
also evident.



Fig. 39.3 Two examples of solitary metastasis producing bone in the
adjacent soft tissues. (A) Carcinoma of the colon in a great toe metatarsal.
(B) Transitional cell carcinoma of the bladder in the mid tibia.

The later stages of many malignant neoplasms are associated
almost inevitably with metastasis, and the skeleton is very com-
monly affected. The radiographic presence of such lesions very
often lags behind their detectability by scintigraphy, CT or MRI
(Fig. 39.2). Bony metastasis is present in approximately 25% of all
deaths from malignant disease. Any primary tumour may metasta-
sise to bone, but in women the most important carcinoma is breast,
from which secondary deposits develop in about two-thirds of
cases. In men, approximately 80% of cases of carcinoma of the
prostate and a quarter of lung and kidney tumours may be expected
to produce bone metastasis. A metastasis, indeed, may be the pre-
senting feature of the disease.

While a bone metastasis may present as a pathological fracture,
usually it produces only vague pain or is entirely occult. Biopsy of a
metastasis may indicate the site of origin of a previously unsuspected
primary tumour. Usually, the more malignant the primary tumour,
the more rapidly does secondary spread occur. Some tumours,
however, may present with a metastasis years before the primary
l esion is clinically apparent and indeed the metastasis itself may
remain virtually unchanged radiologically for a long time. This may

be observed particularly with carcinoma of the thyroid. A latent
period often separates the removal of a primary tumour, particularly
from the breast, and the subsequent development of skeletal metas-
tasis.

The spine, pelvis and ribs are the most common sites of involve-
ment together with the proximal ends of the humeri and femora
and, less often, the skull (Fig. 39.1). These areas correspond to sites
of persistent hacmatopoiesis in the adult, malignant spread usually
occurring by a haematogenous route. Local spread to the lumbar
spine and pelvis may be expected from tumours arising in the
pelvis, notably carcinoma of the cervix. Some metastasis have a
predictable distribution, the majority of renal cell carcinoma metas-

tasis occurring in the lumbar spine and pelvis. They have a rather
characteristic radiological appearance (see below). Metastasis distal
to the knee and elbow is rare and usually arises from a primary
tumour of the bronchus or pelvic organs, particularly colon and
bladder.

Blood chemistry studies may be of some value. The serum alka-
line phosphatase is always raised in the presence of multiple bony
metastasis, but remains normal in myelomatosis. With widespread
osteolytic destruction the serum calcium is usually elevated. In the
case of carcinoma of the prostate a marked rise in the serum acid
phosphatase and prostate specific antigen (PSA) levels is character-
istic, the latter being now the marker of choice.

Some metastases respond to treatment with, for example,
hormone therapy. Under these circumstances, both radiography and
scintigraphy are needed to monitor the progress of such lesions.
Remember that it is inadequate simply to document the number and

The majority of metastases is predominantly osteolytic. Typically they
arise in the medulla and progressively extend in all directions, destroy-

ing the cortex, usually without the development of much periosteal
reaction. Soft-tissue extension is relatively uncommon. Some metas-
tases, particularly from bronchial carcinoma, may appear eccentric
and primarily destroy cortex, especially in the femur. Others are pre-
dominantly osteoblastic, including those derived from the prostate,
stomach and carcinoid. They produce dense and often well-circum-

scribed areas of increased radiopacity. Such lesions are less subject to
pathological fracture. A small group of metastases is accompanied by
tumour bone formation; this includes osteosarcoma, liposarcoma,
transitional cell carcinoma (of either bladder or kidney) and some ade-
nocarcinomas of the colon (Fig. 39.3).

The diagnosis of metastasis is usually simplified by the multi-

plicity of lesions. Difficulty may arise when a lesion is apparently
solitary. Unusual primary tumours are often responsible for unusual
metastasis and, further, a metastasis can simulate closely almost any
known primary bone tumour!

have particularly high signal intensity on T o - weighted images and may extent of metastases. It is a radiologist's duty to draw the clinician's
have a lobulated appearance. By comparison, relatively acellular attention to those that may be considered hazardous-for example,
tumours with a high collagen content show low signal intensity on all associated with significant vertebral body collapse (and the possible
sequences, including T 2 -weighted and STIR sequences. Gadolinium- development of cord compression) or in long bones of the lower
enhanced images can help to differentiate between viable tumour, li mb (with the potential for disabling fracture). In the latter circum-
reactive oedema and necrosis, and can be used to guide the biopsy stance, prophylactic nailing of the femur or femoral neck will be
site. considered if 50% or more of the cortex is destroyed.
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quently tend to be in a line, a distribution observed also in acute
trauma and ostconwlacia.

This is the commonest secondary bone tumour in men and, in con-
trast to breast deposits, almost all these metastases are osteoblastic
(Fig. 39.5). They appear as round or oval areas of increased density,
particularly in the pelvis and spine, growing slowly and merging so
that widespread and diffuse increase in bone density may ensue.
Periosteal new bone formation and/or apparent expansion of bone
may occur, so that the differentiation from Paget's disease may be
difficult. The deposits may be shown to regress with hormone
therapy. In some patients metastases from the prostate may he oste-
olytic and expansile (Fig. 39.6). They may be solitary. If the carci-
noma involves the base of the bladder some metastases may be
associated with new bone formation in the adjacent soft tissue,
resembling an osteosarcoma.

Not only is this the most common primary tumour in women but its
metastases shows an unusual affinity for hone. Bone scanning
demonstrates a significant incidence of bone metastasis at the time
of diagnosis, roughly in proportion to the degree of malignancy.
The lesions are usually osteolytic and commonly multiple. Diffuse
infiltration, however, may cause an apparently coarse trabecular
pattern without an obvious area of hone destruction. The condition
should be suspected in the presence of vertebral compression frac-
tures in older women. Differentiation of these from osteoporotic
collapse may be difficult, although, in the latter, evidence of focal
areas of hone destruction is usually lacking. MRI may be extremely
helpful in the difficult case, recent attention being focused on diffu-
sion weighted imaging. Multiple lytic lesions also may resemble
myelomatosis, but in that condition, the margins of the lucencies
are sharply defined with endosteal scalloping and the serum alka-
line phosphatase is usually normal.

About 10% of metastases from carcinoma of the breast produce
osteoblastic lesions and in another 10% the lesions are mixed
(Fig. 39.4). Sclerosis may occur in lytic lesions following success- Renal cell carcinoma characteristically presents with a solitary bone
ful hormone or radiation therapy. metastasis and has a marked predilection for the pelvis and lumbar

Difficulty may be experienced in differentiating between intense spine. Even when multiple their number seldom exceeds six. These
disuse osteoporosis following radiotherapy and metastatic disease. lesions are typically expansile with a crenellated margin and
This problem arises particularly around the shoulder where the usually have a typical radiological appearance (Fig. 39.7). They are
bones have been included in the radiation field. The lesions of richly vascular, as demonstrated scintigraphically or angiographi-
i ntense disuse osteoporosis tend to be sharply defined and ellipsoid tally. These tumours are often slow growing and may have a reta-
i n the long axis of hone. Similarly, multiple rib fractures secondary
to radiation therapy should not he mistaken for metastasis. Often
such fractures occur at the edge of the radiation field and conse-

1252 A TEXTBOOK OF RADIOLOGY AND IMAGING



Fig. 39.6 Carcinoma of the prostate with expansile lytic metastasis. (A) A view of the pelvis before the onset of symptoms reveals no abnormality in the
pubic rings. (B) Five years later the patient was complaining of severe pain in the groin. Note the ill-defined trabecular pattern, expansion of bone and ill
definition of cortex that has developed since the previous examination. (C) Blood-pool phase of a bone scan and (D) delayed image reveals a marked
increase in activity. Note the abnormality in the lesser trochanter of the right femur. These features could not be distinguished from active aggressive
Paget's disease on purely scintigraphic grounds except that the lesion in the right femur has not started at a joint. The diagnosis was established by biopsy
and the presence of a very high acid phosphatase level in the blood.

These often produce bizarre and atypical radiological patterns. In
particular the metastases from thyroid carcinoma are classically
expansile, osteolytic and often solitary (Fig. 39.8).

Lively good prognosis, particularly following excision of the
affected kidney and a solitary deposit. Transcatheter embolisation
may prove a useful addition to management.

I n men this tumour is second only to the prostate in causing a high
proportion of cases to develop skeletal metastases, such bone
l esions occurring eventually in about a third. These metastases are
almost always osteolytic and can be unusual, occurring in the small
bones of the hand or eccentrically in the cortex of a long bone.

Carcinoma of the stomach and colon, and carcinoid, may metasta-
sise to bone in both sexes. Metastases from the stomach and carci-
noid are often osteoblastic and may be multiple. The bone-forming

characteristic of colonic metastases has been already emphasised.

Lesions of this type are rare compared with skeletal metastases, but
may be observed in association with direct spread of such lesions as
carcinoma of the cervix or bladder, and from carcinoma of the
paranasal sinuses. Malignant tumours adjacent to bone may cause
resorption of the cortex with a permeative pattern, but lower grade
malignancies, including tendon sheath abnormalities, may pro-
duce well-defined cortical defects suggesting pressure erosion.
Destruction of adjacent bones should suggest a lesion originating in
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Fig. 39.7 (A,B) Two examples of solitary metastasis from renal cell carcinoma. In both cases, these metastases were the presenting abnormality. Both are
expansile and have crenellated margins, with trabeculation in the lesion.

within the paranasal sinuses may interfere with nasal drainage,
causing a mucocele. The rarer, spongy variety is shown histologi-
cally to contain moderate quantities of fibrous tissue and may be a

variant of fibrous dysplasia.
Further investigation is rarely necessary apart from documenting

the secondary effects of the lesion. Scintigraphical Iy the increased
activity reflects the size of the lesion as in the case of a bone island.

When craniofacial osteomas are detected, the possibility of
Gardner's syndrome should be considered, particularly if lesions
are present in the mandible. The presence of osteomas elsewhere in
the skeleton, soft-tissue tumours of connective tissue origin and
polyposis coli establish the diagnosis.

Unlike other bone tumours this lesion has a definite male prepon-
derance of the order of three to one. The majority of cases present
i n the second and third decades. The typical history is of localised,
intermittent hone pain of several weeks' or months' duration, occur-
ring especially at night, with dramatic relief by aspirin. Pain may be
sufficient to provoke muscle wasting from limitation of movement.
Growth disparities may develop in the immature skeleton, including
failure of tubulation and leg-length discrepancy. Difficulty in diag-
nosis sometimes causes these patients to be referred to psychiatrists
in the belief that their symptoms are functional. The natural history
of this tumour is uncertain because most cases are treated by imme-
diate surgical excision but it appears probable that untreated lesions
eventually undergo spontaneous involution. The diaphyses of long
bones are the sites of predilection with at least half of all cases
occurring in the femur, especially its proximal end, and the tibia,
although virtually any bone may be affected. When the spine is
i nvolved, the tumour is usually situated in the neural arch and not
the vertebral body. The symptoms of spinal involvement may
mimic those of an adolescent disc protrusion, and indeed painful
scoliosis in a child or adolescent demands careful scrutiny of the
neural arches at the apex of the concavity to exclude the presence of
this tumour.

True osteomas are rather rare, arising principally from skull,
paranasal sinuses and mandible (Fig. 39.11). They are benign, slow-
growing tumours consisting entirely of well-differentiated bone.
They have a broad base with a smooth well-defined margin. Two
types are recognised: the dense variety, the so-called ivory osteoma;
and the trabeculated or spongy variety more commonly occurring in
the cranial vault. While varying in size, few are larger than 2.5 cm
i n diameter. The tumour itself is asymptomatic, but growth from
the inner table of the skull may produce raised intracranial pressure
or other symptoms similar to those of a meningioma. Growth

Although no evidence exists to suggest that this is a true bony neo-
plasm, confusion may arise on occasions. The lesions may be single
or multiple, are always nmedullary in location and consist of normal,
compact lamellar hone. The lesion is uniformly dense, round or
oval, and characteristically has radiating thorn-like spicules extend-
i ng into the surrounding medullary cavity with a narrow zone of
transition (Fig. 39.10). They usually measure less than 15 mm in
diameter, but occasionally can be as large as 4 cm in size. Bone
i slands may grow in size up to the age of skeletal maturity but only
rarely thereafter. Exceptionally they may regress. Periosteal new
hone and cortical expansion do not occur. On a radionuclide bone
scan, they may show a slight increase in activity, the degree being
related to their size. No blood-pool abnormality becomes evident.
In elderly patients, it may be necessary to differentiate these scle-
rotic lesions from osteoblastic metastases.

soft tissues. An important example is involvement of the upper
ribs by bronchial carcinoma (Pancoast's tumour) in patients
being assessed for neck, brachial plexus or shoulder pain
(Fig. 39.9).



bone. It is minimal when the tumour lies in the spongy hone of the
medulla, particularly close to joints (Figs 39.13, 39.14).

Occasionally no peripheral density may be evident and the small
central opacity appears to lie within an area of radiolucency. More
commonly, the lesion is sited in relation to cortical bone and is sur-
rounded by dense sclerosis that may be extensive and extend into
the medulla. When the lesion is adjacent to the periosteum in chil-
dren new bone formation is particularly florid. The reactive new
bone may be so dense that the lesion itself is obscured on conven-

tional radiographs.

The lesion comprises a round or oval area or radiolucency with a

sclerotic margin. This radiolucency usually contains a small dense

opacity known, on the east side of the Atlantic, as the nidus

(Fig. 39.12). In North America the word nidus (meaning nest) is

employed more correctly for the whole radiolucency itself. While
the overall size of the lesion varies up to about 2.5 cm in diameter,
the width of the central density rarely exceeds 1 cm. The lesion is
surrounded by a variable degree of dense sclerosis. The extent of
this density depends on the site of the tumour within the affected

Fig. 39.8 Metastasis from carci-
noma of thyroid. (A) A localised
view of the anterior inferior iliac
crest shows a small radiolucent
defect with a faint sclerotic margin
(arrows). (B) Five years later a very
large destructive bone lesion is
present with relatively well defined
margins and apparent strands of
calcification within the lesion. (C)
CT confirms the very extensive
nature of the tumour and shows
the soft-tissue planes to be pre-
served (arrow). The strands of
calcification are shown to be
residual bone anteriorly and poste-
riorly and not new bore in the
metastasis. (D,E) Common iliac
arteriography (subtraction images)
demonstrates the very vascular
nature of this metastasis. Note the
i ncrease in number of abnormal
vessels with changing calibre, the
dense tumour blush and early
venous filling.

TUMOURS AND TUMOUR-LIKE CONDITIONS OF BONE (1) 125 5



1256 A TEXTBOOK OF RADIOLOGY AND IMAGING

Because of the extensive sclerosis it is important not to ovcrcount
the bone scan which characteristically shows an intense focal area
of increased activity due to the osteoid osteoma surrounded by less

intense activity from the reactive sclerosis (Fig. 39.12). In the case
of a medullary osteoid osteoma with little or no radiological abnor-
mality on conventional films, bone scintigraphy remains the most
important means of detecting the presence of a lesion. An intense
focal abnormality is evident in the blood-pool image and intense
activity persists in the delayed image. Scintigraphy should he
undertaken in any young person with bone pain and apparently
normal radiographs. These scintigraphic abnormalities correspond
to the highly vascular nature of the neoplasm that may be demon-
strated by angiography, particularly by the tumour blush evident in
the late venous phase.

The presence of the lesion and its exact site may require localisa-
tion with CT (Figs 39.12, 39.14). Extensive bone marrow oedema
may be seen on MRI, although it is frequently difficult to identify
the nidus unless contrast enhancement is used and sufficiently thin
sections are obtained (Fig. 39.14).

The pain produced by these tumours is relieved immediately by
surgical excision and the reactive new hone slowly undergoes
remodelling. If, however, removal of the tumour is incomplete, not
only will the pain persist but also the lesion will recur. On rare
occasions. ostcoid osteoma may be multifocal, more than one
opacity being contained within a single area of radiolucency. Some
lesions near joints in childhood may be associated with synovitis,
with resulting diffuse hyaline cartilage thinning and disuse osteo-
porosis. Delay in establishing a diagnosis often results due to the
atypical clinical presentation and lack of characteristic radiological
appearances. Subsequent deformity of the joint and other growth
disturbances may occur.

Osteoid osteoma must be differentiated from osteoblastoma
( described below) and other causes of chronic cortical thickening.
These include stress fracture, chronic sclerosing osteomyelitis,
foreign body granulomas (`blackthorn'), polyarteritis nodosa and

Fig. 39.9 Pancoast tumour-carcinoma of the apex of the lung invading
and destroying the first and second ribs.

If the essential features of the radiolucency and its central density
are demonstrated, the diagnosis is established radiologically with
little difficulty. Those lesions arising in an int a-articular location
( Fig. 39.14) or within the small bones of the hand and foot
(Fig. 39.15) can have a very variable appearance, commonly resulting
i n a delayed diagnosis. When the lesion is surrounded by dense scle-
rosis further investigation is necessary, requiring overpenetrated films,
tomography (either conventional or CT) and bone scintigraphy.

Fig. 39.10 Bone island-enostosis. (A) A dense area of endosteal sclerosis present in the upper femoral shaft, discovered by chance following injury. (B) A
bone scan reveals slight increase in activity localised to the area of sclerosis. Biopsy confirmation. (C) Enostosis, acetabular roof. Uniformly dense circular
l esion with characteristic radiating spicules extending into the adjacent bone.



Fig. 39.11 I vory osteomas of the frontal
sinus. (A) A typical, compact, rounded, dense
opacity is demonstrated on the frontal view.
(B) In another patient a larger lesion has
moulded to the shape of the sinus.

Fig. 39.12 Osteoid osteoma. (A) Involving the ulna in a 13-year-old boy. The appearances are typical, with a well-defined area of radiolucency (arrow)
containing a dense nidus. Extensive cortical sclerosis is present around the lesion. (B) Radioisotope bone scan in another patient demonstrating intense
focal increased scintigraphic activity in the distal tibia surrounded by a more diffuse area of less intense activity, typical of an osteoid osteoma. (C) CT
section of the tibial lesion elegantly demonstrating the cortically located nidus.



Fig. 39.13 Osteoid osteoma-a young man complaining of groin pain.
(A) Initially it was thought the X-rays were normal; however, in retrospect, a
small radiolucency (arrow) is present. A bone scan was performed in order

to detect any occult cause of pain. (B) A localised focus of increased vascu-

l arity is shown on the blood-pool film (arrow). (C) Extensive abnormality on
the delayed film. (D) CT demonstrates the radiolucent defect anteriorly
(closed arrow) with associated, consolidated periosteal new bone. A nutri-

ent artery is shown posteriorly (open arrow) and is an incidental finding.

subperiosteal haematoma, particularly along the shin. In general,
the distinction between osteoid osteoma and chronic ostcomyelitis
is straightforward. In osteomyelitis, the area of radiolucency tends
to be more irregular, although a sequestrum may be confused with a

nidus. Whereas the central opacity of an osteoid osteoma is usually
round or slightly oval, the majority of osteomyelitic sequestra are

irregular and often linear in shape. Scintigraphy shows a diffuse

increase in activity both in the blood-pool and the delayed phases.
MRI may demonstrate considerable bone oedema in both cases but

a fluid collection clearly indicates infection.

larger than usual and may be referred to as giant osteoid osteoma.
Both osteoblastoma and osteoid osteoma superficially have similar

histological characteristics. The tumour is, in almost all circum-
stances, benign, but may be aggressive (see below). It is accom-
panied often by a long insidious history of pain, one in ten patients
suffering worsening of the pain at night. Aspirin relief is not a
feature. No definite sex incidence has been recognised but at least

80% of the patients are under the age of 30.
While any bone may be involved, the majority of lesions occur in

the spine and flat bones, particularly the vertebral appendages.
Again, as in the case of osteoid osteoma, the last location may stim-

ulate a scoliosis; indeed in one series as many as 50% of the
patients had a scoliosis, some with positive neurological signs.

Pathologically the lesion is larger than an osteoid osteoma,
irregular in shape, friable and haemorrhagic. Abundant osteoid
tissue is present with broad, widely spread trabeculae, in relation to

This tumour is now accepted as a distinct entity, although a consid-

erable overlap undoubtedly exists with osteoid osteoma. Indeed the
situation is confused by the occasional osteoid osteoma that is
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Fig. 39.14 Osteoid osteoma in a young girl complaining of left hip and knee pain, initially thought to be due to juvenile onset rheumatoid arthritis. (A) A
subtle radiolucency with a central density is shown in the basi-cervical region of the left femur. (B) Coronal FFE-T 2 MR section demonstrating high signal
i ntensity within the proximal left femur due to considerable bone marrow oedema. A joint effusion is evident also together with some surrounding soft-
tissue oedema. (C) Axial T2 -weighted MRI showing a prominent left hip joint effusion and bone marrow oedema within the femoral neck. The nidus,
however, is not evident. (D) Axial T 2 - weighted image through the proximal femur demonstrating more striking bone marrow oedema distal to the joint
capsule and level of the osteoid osteoma. Periosteal new bone formation is also shown anteriorly (arrow). (E) Thin section CT showing the anteriorly
located calcified nidus within the cortex of the femoral neck and the large joint effusion.

ticularly an osteosarcoma. A giant cell tumour may be considered
when the lesion is suharticular in location. Cortical expansion and
exquisite thinning is common so that only a fine opaque shell may
remain. This appearance simulates the cortical expansion caused by an
aneurysmal hone cyst, hut may he distinguished by the total absence
of bone reaction and the poorly defined margin of the latter tumour.

The majority of osteoblastomas enlarge slowly, with consequent
remodelling of bone around the lesion. The degree of associated
bone sclerosis varies considerably but may he profound.
Calcification or ossification of osteoid tissue within the tumour may
cause a punctate or amorphous increase in density (Fig. 39.17), best

which are numerous osteoblasts and osteoclasts. Many thin-walled
capillaries account for the marked vascularity of the tumour.

An area of radiolucency is typical. being considerably larger than
that of an osteoid ostcoma and of the order of 2-10 cm in diameter
(Fig. 39.16). Difficulty may arise on occasions in distinguishing this

appearance from an exceptionally large osteoid ostcoma. The margins
of the radiolucency show considerable irregularity, although they are
usually sharply demarcated. This margin, however, may sometimes be

ill defined and not easily distinguishable from a malignant lesion, par-



Fig. 39.17 Osteoblastoma of the left transverse process of L3. (A) In this example the central area exhibits calcification. Expansion is present with diffuse
sclerosis. (B) Note on the bone scan (which has been reversed for ease of comparison) the extensive area of increased activity corresponding to the whole
of the osteoblastoma on the plain film. Note also the scoliosis, with which these patients may present.

appreciated on tomography or CT (Fig. 39.18). Calcification is and small lakes of contrast medium, but encasement and other fea-

never annular as in a cartilage tumour. tures suggestive of malignancy are not present. As with osteoid

Scintigraphically these lesions are extremely active both in the osteoma, MRI demonstrates considerable bone, and often soft-

blood-pool and delayed phases of a hone scan. On the delayed tissue, oedema surrounding a lesion.

phase, the lesion may seem very extensive, reflecting the secondary In the vast majority of patients, the prognosis is excellent once total

bone sclerosis. If angiography is undertaken the radiolucency may excision of the tumour has been achieved. On some occasions,

be shown to contain an increased number of vessels with a blush however, an osteoblastoma behaves in an aggressive fashion, particu-

Fig. 39.15 Osteoid osteoma in the proximal phalanx of the index finger.
(A) The AP radiograph shows ill-defined periosteal new bone formation and
some sclerosis involving the proximal phalanx. Marked soft-tissue oedema
is also evident. (B) The lateral radiograph demonstrates apparent expan-
sion and scalloping of the distal anterior cortex of the proximal phalanx
with trabecular sclerosis distal to the radiolucent nidus (arrows).

Fig. 39.16 Osteoblastoma of the right transverse process and pedicle of
L3. An ill-defined radiolucency is shown within a sclerotic and expanded
transverse process and pedicle.
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Fig. 39.18 Osteoblastoma of the left pedicle and lamina of L3. (A) Conventional oblique radiograph showing expansion and sclerosis. (B) Radionuclide
bone scan demonstrating extensive and marked increase in activity and a scoliosis. (C) CT section showing punctate calcification of the lesion with expan-
sion of the pedicle and lamina and prominent dense sclerosis. Considerable soft-tissue oedema is also evident (arrows).

Fig. 39.19 Aggressive osteoblastoma. (A) Conventional radiograph
demonstrates a large area of ill-defined bone sclerosis extending into the
soft tissues above the acetabular roof. This had been previously biopsied. A
vague ill-defined zone of radiolucency is demonstrated within the prolifera-
tive new bone. (B) A T,-weighted coronal MR image demonstrates exten-
sive low-signal abnormality throughout the whole of the right iliac blade
down to the acetabular roof. A soft-tissue component is also evident. This
scan also illustrates how difficult it can be to assess sclerotic lesions using
MRI.

its ability to produce osteoid tissue, without necessarily the devel-
opment of a cartilaginous precursor, and (ii) the presence of abun-
dant alkaline phosphatase histochemically within the tumour cells.
The osteoid tissue may undergo some degree of ossification.
However, because of the pleomorphic nature of the sarcoma a
dominant cell line may modify the appearance. If osteohlasts pre-
dominate, tumour bone formation will result, whereas if cells of
cartilage origin are present, extensive calcification may he a pre-
senting feature. Terms such as osteoblastic (Fig. 39.20), chondro-
blastic (Fig. 39.21), fibroblastic, and anaplastic or telangiectatic
(Fig. 39.22) are often applied. No convincing evidence has been

l arly after incomplete removal. Not only is the lesion radiographically
aggressive, with soft-tissue masses containing ill-defined calcification
and ossification, but a similar pattern of aggression is visible also
under the microscope. On rare occasions, the lesion behaves frankly
as an osteosarcoma with pulmonary metastasis (Fig. 39.19).

osteosarcoma is the commonest primary malignant hone tumour,
accounting for 25% of all primary bone tumours. Characteristically
i t is histologically pleomorphic, but two diagnostic features are: (i)



Fig. 39.21 Osteosarcoma of the distal femur-predominantly chondro-
blastic. Note the well-defined soft-tissue mass and radiating spiculation of
calcification within it. Sclerosis and lysis are present within the medullary
cavity that is slightly expanded.

Fig. 39.20 Osteosarcoma of the distal fibula-predominantly osteoblas-
tic. Amorphous calcification/ossification is present in the soft tissues with
cortical destruction and a little periosteal new bone formation.

established that these pathological subgroups have much influence
on prognosis. Nonetheless, each has slightly different radiological
characteristics. Osteosarcoma arising in relation to the periosteum
and secondary to other conditions is considered below.

Osteosarcoma presents usually with localised pain or swelling,
particularly around the knee, in an adolescent or young adult. Not
i nfrequently, the lesion may present with a pathological fracture
(Fig. 39.23). A slight male preponderance exists, the peak incidence
occurring between 10 and 25 years of age. Many of the tumours
occurring in older age groups are associated with Paget's disease
(see below). Although any bone may be involved, rather more than
half of all osteosarcomas are located around the knee, involving the

metadiaphyses of the distal end of the femur and the proximal end
of the tibia. Indeed the vast majority of osteosarcomas arise in those
sites in Ion(, hones that are exhibiting the greatest longitudinal
growth. Osteosarcomas are infrequently found in the pelvis and
spine (Fig. 39.24). Involvement of the clavicle, ribs, scapula and
the small bones of the hands and feet is rare. About 10% of tumours Typically, conventional radiographs will show an eccentric area of
arise in the diaphysis. These have a similar age and sex incidence to permeative hone destruction in the metadiaphysis adjacent to the
ordinary osteosarcoma (see below). Orthodox teaching suggested knee joint, associated with cortical erosion and a well-defined soft-
that epiphyseal involvement occurs late, metaphyseal cartilage tissue mass. Elevation of the periosteum is associated with new
acting as a temporary barrier to spread of the tumour. Although this bone formation, the so-called Codman's triangles. The epiphysis
appears to he supported by the evidence of plain films, investigation usually appears normal. The soft-tissue mass may contain calcifica-

by scintigraphy, angiography and MRI has indicated that in many
cases epiphyseal involvement occurs earlier.

The lesion commonly arises eccentrically in the medullary cavity,
with ill-defined cortical destruction and soft-tissue involvement. The
pleomorphic nature of the histology may cause misleading biopsy
results, because if the sample is taken from areas rich in cartilaginous
elements, a misdiagnosis of chondrosarcoma may occur. Metastatic
spread occurs by the haematogenous route so that a search for pul-
monary metastasis should be undertaken. Pulmonary metastasis is
associated with an unusually high incidence of pneumothorax
(Fig. 39.25). Any lung lesion arising in a patient with osteosarcoma
should be regarded with suspicion (Fig. 39.26). Lymphatic spread is
relatively rare. In the later stages, metastasis may develop in hone,
population surveys have suggested that these deposits are themselves
metastatic from the pulmonary lesions.



bulk. Careful delineation of the lesion and assessment of relation-
ships between it and adjacent blood vessels and joints are essential

i n preoperative planning (Figs 39.30-39.33). Marked enhancement
is shown following contrast administration, particularly in non-
ossified regions. Intramedullary skip lesions may also be identified
(Fig. 39.34).

Differential diagnosis is either from other neoplasms, including
malignant round cell tumours and metastasis, or from chronic bone

i nfections, including tuberculosis and mycetoma. In the case of

i nfections the aetiology may be suggested by diffuse ill-defined
swelling of soft tissues, disproportionately extensive new bone for-
mation and widespread activity on bone scintigraphy.

tion that may show either an amorphous or a spiculated appearance.
A mixture of sclerosis and bone destruction is usually present

within the bony lesion. Occasionally the lesion may be purely lytic.
Scintigraphically, increased vascularity is constant in the blood-

pool phase of a bone scan with an extensive abnormality on the
delayed images (Fig. 39.27). The extent of the tumour, as delineated
by a bone scan, may be greater than that shown on conventional
radiography, due to a surrounding ring of reactive bone. Scintigraphy

may confirm epiphyseal spread of the tumour, but an apparent
i ncrease in activity in an adjacent joint should not be mistaken for
synovial involvement. Scintigraphy also may detect the presence of
I ung metastases, although this procedure is not reliable if purely
fibroblastic lesions are present or if the metastases have been treated.

CT demonstrates to advantage those features evident on conven-

tional radiographs and can delineate the intra- and extra-osseous
extent of tumour (Figs 39.27C. 39.28D). It is the most sensitive
means of detecting pulmonary metastasis (Fig. 39.26B).

The angiographic features suggest an aggressive tumour and
again may he used--to establish the extent of tumour, if treatment by
prosthetic replacement is being considered (Figs 39.28, 39.29).

MRI i s the prime investigation of choice for osteosarcoma fol-
l owing conventional radiographs. An obvious heterogeneous
tumour is demonstrated with surrounding bone and usually a soft-
tissue mass. Areas of calcification and ossification are shown as low
signal, but even within the sclerotic component within the
medullary canal there is usually high signal associated with tumour

Diaphyseal Approximately 1 0% of tumours arise in the diaphy-
ses of long bones and may cause diagnostic confusion. While most
resemble those of osteosarcoma elsewhere (Fig. 39.35), others are
purely lytic or indeed sclerotic (Fig. 39.36) and an accurate pre-
biopsy diagnosis may not be possible.

Central osteosarcoma Similar difficulty may arise when a lesion
presents in the metadiaphysis as an area of dense sclerosis that may
be thought to represent a large hone island (Fig. 39.37). Specific
characteristics on plain films to suggest malignant disease are
absent. Scintigraphy, MRI and angiography, however, will demon-
strate features that are much more aggressive.

Fig. 39.22 Telangiectatic
osteosarcoma of the distal
femur. (A) A predominantly
radiolucent defect is shown
on conventional radiograph
which angiographically (B) is
shown to contain large, tortu-
ous, pathological vessels.
Well-marked Codman's trian-
gles are present together with
sclerosis in the shaft of the
bone, surrounding the lesion.
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Fig. 39.23 An advanced osteosarcoma of the proximal humerus presents
with a pathological fracture. A large well-defined soft-tissue mass contains
calcification and ossification. Codman's triangles are present. Extensive
tumour in the medulla has caused both bone destruction and bone
formation.

Fig. 39.24 Osteo-
sarcoma of the spine.
(A) A conventional
radiograph of the upper
lumbar spine shows an
extensive area of
tumour new bone for-
mation arising from the
l amina of Ll and
extending into the par-
avertebral soft tissues.
(B) The CT section
demonstrates the origin
and extent of the
tumour. Marked com-
pression of the dural sac
results from extension
onto the spinal canal.



Fig. 39.27 Osteoblastic osteosarcoma of the proximal tibia. (A) The conventional radiograph reveals patchy increased density in much of the upper tibia.
Note a little new bone laterally. (B) A scan in the early blood-pool (left) and delayed phases (right) demonstrates an extensive abnormality. Note the activity
i s more uniform and extensive than the apparent involvement shown on the plain film. The distal extent of the tumour is confirmed however by (C), a CT
scan which shows a subtle change in marrow attenuation below the level of the apparent tumour on plain film, an example of how CT may be used to
gauge the extent of marrow involvement.

Fig. 39.26 (A) Metastasis from osteosarcoma presents with an encysted
pleural effusion on the right after several months apparently disease free
after amputation. (B) A CT scan demonstrates the encysted effusion in the
horizontal fissure with calcification dorsally due to metastasis. This feature
had not been appreciated on conventional tomography. A second metasta-
sis is shown in the right lower lobe, again not obvious on conventional
radiographs.
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Fig. 39.28 Osteosarcoma of the distal femur of a young woman. (A) The full intraosseous extent is difficult
to assess on the plain film. (B) An arteriogram demonstrates a very extensive pathological circulation and on
the late capillary phase (C) note that the tumour extends into the epiphysis, almost to the articular surface,
and that there is a satellite or 'skip' lesion in the proximal femoral shaft (arrow). This latter lesion is confirmed
by CT (D), and is shown to be bone forming (the upper image shows an attenuation of 188 HU in the
l esion).

Multifocal osteosarcoma is extremely rare and occurs only in phatase. Radiologically symmetrical and densely sclerotic lesions

childhood. The condition is rapidly fatal, with pulmonary metastasis, have a predilection for metaphyses and flat bones. Unlike ordinary

and is characterised by a marked elevation of serum alkaline phos- osteosarcoma, epiphyseal and soft-tissue involvement occurs early.



Soft-tissue osteosarcoma On rare occasions the tumour arises
purely in soft tissue (Fig. 39.38). Various sites of origin have been
described, including breast and kidney. Usually, however, the lesion
i s para-articular. The ill-defined amorphous nature of the soft-tissue
opacification may suggest tumour bone rather than calcification.
The differential diagnosis is from post-traumatic myositis ossificans
that can also produce markedly abnormal features with scintigraphy
and angiography, particularly early in its evolution. Histological
examination of both entities can be fraught with diagnostic pitfalls
i n inexperienced hands.

Radiation therapy Sarcomas arise in bone following radiation,
typically when the total dose has exceeded 30 Gy (3000 rad),
often after a latent interval of 7-10 years. While most are fibro-
sarcomas, a few osteosarcomas occur. The diagnosis is not
difficult radiologically but they often have a predominantly lytic
nature and are markedly aggressive. They arise in predictable

Some confusion in nomenclature relates to ostcosarcomas arising in
or near the periosteum. For practical purposes these may be divided
i nto two groups: parosteal osteosarcoma which will he described;
and periosteal osteosarcoma which is similar in most ways to an
ordinary osteosarcoma except that it arises close to the periosteum.

Fig. 39.30 Osteosarcoma. Coronal T,-weighted (A) and STIR

Fig. 39.29 Osteoblastic osteosarcoma. A middle-aged woman presented
(B) sequences demonstrate an extensive osteosarcoma of the lateral femoral
condyle. The pleomorphic nature of the tumour can be appreciated by the

with pain and swelling in the mid ulna. (A) A radiograph shows ill-defined more superficial main neoplasm with subadjacent marrow oedema. Note
sclerosis and cortical destruction. (B) An angiogram demonstrates an egg- the overlying abnormal vessels shown as a signal void and the joint effusion
shaped soft-tissue mass with displacement of both the ulnar and on the STIR sequence. Clear extension across the metaphysis is also shown.
interosseous arteries. The extraosseous extent of the tumour was thereby These features confirm an extracompartmental osteosarcoma.
delineated.

sites, based on radiation fields, for example in the pelvis follow-

i ng the treatment of gynaecological cancer (Fig. 39.39).

The ingestion of radioactive material Radium and radiome-
sothorium were introduced in America in 1914 in the preparation
of luminous paint. In applying this to watch dials, ingestion of the
radioactive material occurred through pointing the paintbrush
with the lips. The subsequent development of osteosarcoma was
first reported in 1931. although more usually areas of bone
destruction and sclerosis are due to infarction. A long latent inter-
val between ingestion and tumour development is typical.
Thorium was associated with abdominal neoplasia and is no
longer used (see Ch. 15).
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Fig. 39.31 Osteosarcoma of the proximal humerus. (A) Conventional radiograph showing permeative bone destruction and focal areas of intramedullary
sclerosis. A spiculated periosteal reaction is also evident. Axial T 1 - weighted (B) and coronal STIR (C) images demonstrate the longitudinal extent of the
tumour within the medullary canal and the extraosseous involvement, including extension into the shoulder joint (arrows).

tumour localisation and extent, but is frequently confusing as much
of the tumour is a low signal mass. Hence, the aggressive potential
of the lesion may be underassessed.

The condition must he differentiated from suhpcriosteal
haematoma and other benign causes of periosteal new hone
formation.

Parosteal osteosarcomas comprise some 1 % of all malignant
primary hone tumours and about 4% of osteosarcomas. Clinically
they occur in older patients, at least 50% being over the age of 30.
The tumour is slow growing by comparison and has a much better
prognosis. In low-grade lesions, the histology may not immediately
suggest a neoplasm at all. Parosteal osteosarcomas occur most com-
monly on the distal femur and proximal humerus.

Malignant tumours are said to arise in bone affected by Paget's
disease in about 1 % of cases. It is difficult to gauge the exact inci-

dence, because many cases of Paget's disease are asymptomatic or
diagnosed by chance. Clinically the possibility of a sarcoma arising
i n Paget's disease should be considered when alteration occurs in
the character of bone pain, either an increase in severity or more
precise localisation and if a pathological fracture develops. The
presence of a soft-tissue mass and a further rise in the serum alka-

line phosphatase may be observed. Sarcomas may occur in the
polyostotic or monostotic disease though there seems to be a partic-
ular predilection for the humerus in the latter. Overall, the skull,
pelvis and long bones arc typical sites (Fig. 39.42). Men are more
commonly affected, even allowing for the increased male incidence

of Paget's disease.
Histologically the tumours may be classified as osteosarcoma,

li brosarcoma and chondrosarcoma. However, the tumour is very
aggressive and the outlook is very poor. Radiologically, in order of
frequency, the lesion is lytic, mixed or sclerotic. The tumour grows

Typically dense tumour surrounds a long bone, particularly a femur
or a tibia. The tumour bone may be extensive, ranging between 2
and 10 cm in length and as much as 5 cm in breadth. The margins
are sharply defined but tend to undulate. The tumour is denser cen-
trally and at the base than peripherally. Characteristically there is a
radiolucent zone between the ossified outer margins of the tumour
and adjacent host bone (Fig. 39.40). Penetrated films, tomography
or CT may be required in order to demonstrate this sign, which may
he obscured if the tumour is very large or has invaded the cortex.
Usually, the tumour appears to be attached to the cortex by a broad
pedicle. Endosteal sclerosis may occur. Marrow invasion is usually
only seen in longstanding cases, following local recurrence or in
high-grade lesions. Scintigraphically the blood-pool image is
usually unremarkable, although considerable increase in activity is
evident in the delayed phase. Some evidence suggests that the
malignancy of this tumour is reflected by the degree of abnormal
vascularity on an angiogram (Fig. 39.41). MRI serves to confirm



Nearly all, of these tumours arc benign in their clinical presentation
and in their radiological and histological appearances, yet all must
be regarded as the site of potential malignancy. It is very unusual
for the common chondromatous lesions that occur in the hands and Clinical features
feet to become malignant, but every flat or long bone cartilage The age of onset is usually later than with bone-forming ttnnours.
tumour should be regarded as a potential risk. The complaint of Since these lesions grow slowly, they arc rarely symptomatic and
i ncreasing pain, the demonstration, on serial films, of alteration in are often uncovered through examinations for other indications,
the radiological appearances or the late development of a patho- particularly trauma. However, on direct questioning the patient

l ogical fracture are in themselves sufficient to justify anxiety. The
transition from benign to malignant in the histological spectrum
may he very difficult and contentious.

These tumours are notoriously insensitive to therapy. Local
recurrence is very high unless there is meticulous surgical removal,
and cartilage tumours have the habit of becoming more aggressive
with each subsequent episode of surgical or therapeutic interfer-

Benign cartilage lesions divide into two main groups, central and ence. It must be emphasised that the exact time of change from
peripheral. The former includes chondroma (with which must he con- benign to malignant is extremely hard to establish and it is possible
sidered the generalised dysplasia of hone-dyschondroplasia), benign that those tumours that are frankly malignant have been so since
chondroblastoma and chondromyxoid fibroma. The malignant coun- their inception. While most cartilage tumours arise in conjunction
terpart of chondroma is a central chondrosarcoma. There are no with bone it is important to note that they may occur in soft tissues,
reports of the malignant transformation of chondroblastoma and chon- particularly tendon sheaths and in relation to synovium. They
dromyxoid fibroma. The peripheral lesion to be considered is an may even occur intracranially, and when present at the base of
osteochondroma, or cartilage-capped exostosis, which in its multiple the skull should be considered in the differential diagnosis of
form also constitutes a general bone dysplasia (diaphyseal aclasia). chordoma.
The cartilage cap of these lesions is a potential site for the develop- Single tumours are common. Approximately half are found in
ment of chondrosarcoma. The majority of chondrosarcomas, however, the hands, in the medullary cavity of the phalanges, less com-
arise without evidence of a pre-existing benign tumour. monly in metacarpals. About 10% occur in the small bones of the

feet. Long bones, particularly the femur, humerus and tibia, are
i nvolved in 20% of cases, the remainder occurring in flat bones,
particularly the pelvis, scapula and vertebral bodies. It is in
these areas that the potential danger of malignant transformation is
greatest.

rapidly with an extensive soft-tissue mass. The margins of the lesion
within hone arc usually ill defined, frequently with extensive cortical
destruction. Periosteal new bone formation is relatively uncommon.

Fig. 39.32 Osteosarcoma of the proximal tibia.
(A) Conventional radiograph demonstrating an
osteosclerotic lesion with Codman's triangles and a
pretibial soft-tissue mass. (B) Sagittal T 1 -weighted
i mage showing intramedullary involvement through-
out the whole of the tibia included in the illustration
and extension into the proximal epiphysis. Both pos-
terior and anterior extraosseous involvement is
evident. (C) Axial turbo T 2 - weighted image demon-
strating circumferential soft-tissue involvement with
radiating spicules of new bone within the soft-tissue
component.
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Fig. 39.33 Osteosarcoma of the proximal tibia. (A) Conventional radiograph showing an osteoblastic lesion with periosteal new bone medially.
(B) Sagittal turbo T 2 -weighted image with fat suppression. (C) Axial T,-weighted image with fat suppression. (D) Axial turbo T 2 -weighted image with fat
suppression. The MR images elegantly demonstrate the heterogeneity of the tumour, the intramedullary involvement (note the normal fatty marrow within
the distal femur and proximal fibula), periosteal new bone and involvement of the tibia origin of the patellar tendon. Perilesional oedema and a joint effu-
sion are also evident.



Fig. 39.36 Diaphyseal osteosarcoma. A pathological fracture is present in
the mid humerus with extensive endosteal sclerosis and cortical destruction
from the medullary aspect. Tumour is present to the neck of the humerus
with areas of dense sclerosis and surrounding faint radiolucency. These
'skip' lesions do not represent isolated tumour; the shaft was involved con-
tinuously. This variety carries a poor prognosis.

Fig. 39.35 Diaphyseal osteosarcoma of the midshaft of the femur. Note
the radiating spiculation of bone, Codman's triangles and well-defined soft-
tissue mass.
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Fig. 39.38 Soft-tissue osteosarcoma. An elderly vicar complained of an
enlarging soft-tissue mass adjacent to the medial malleolus of his right
ankle. Note the amorphous soft-tissue ossification and calcification and
normal bone underlying the lesion.

Fig. 39.37 Central osteosarcoma of the distal femoral metaphysis pre-
senting as a dense area of sclerosis with ill-defined margins.

Fig. 39.39 Radiation sarcoma arising in the posterior iliac crest
on the left, in an elderly woman treated 6 years previously for car-
cinoma of the cervix. The lesion is purely osteolytic with ill-defined
surrounding sclerosis (arrow).

may admit to having noted a localised hard swelling for many
years. Pathological fracture is not uncommon. To restate, low-
grade pain or swelling of recent onset should cause the possibility
of chondrosarcoma to be considered.

l arly likely to expand and thin the overlying cortex (Fig. 39.43), but
without its destruction or the development of a periosteal reaction
other than that following a fracture. The zone of transition is narrow
and sclerotic. The eedosteal margin may be scalloped. As in all neo-
plasms of cartilaginous origin, flecks of calcification are frequently

present within the tumour, especially as they become more mature,

Cartilaginous tissue is not radiopaque. The characteristic feature is and may assume a pathognomonic `popcorn' or annular configura-

of a single well-defined demarcated zone of radiolucency in the Lion. Calcification also may be observed, together with ossification,

medulla. In the small bones of the hand and feet tumours are particu- i n healing callus following a pathological fracture. Lesions rarely



new bone formation or a soft-tissue mass) will immediately suggest
a chondrosarcoma. Further investigation is unrewarding, although
CT may identify or confirm cartilage calcification and both CT and
MRI may serve to delineate the extent of the intramedullary lesion.

It is necessary to distinguish the central variety of chondroma
from unimportant areas of amorphous calcification arranged in a
roughly linear fashion in the medullary canal, often described as
` cartilage rests'. The localised stippled nature of these opacities
and the absence of any other radiological abnormality indicates
the latter diagnosis. These lesions are scintigraphically inert.
However, differentiation of a central chondroma from a medullary
bone infarct may be more difficult. A helpful feature is the curvi-
linear peripheral calcification around the infarct rather than the
annular calcification with a true cartilage tumour. Both lesions
may be associated with subsequent malignant complications, dif-
ferentiated chondrosarcoma from chondroma (see below) and
fibrosarcoma or malignant fibrous histiocytoma from the wall of
an infarct.

Juxtacortical chondroma i s a rare benign cartilage tumour
usually arising in young adults and related to the cortex of a long
bone, most commonly the humerus or femur. The presenting com-
plaint is of a slowly enlarging hard mass which may not be tender
( Fig. 39.45). Radiologically a well-defined soft-tissue mass may

Fig. 39.40 Parosteal osteosarcoma of the proxi-
mal humerus. A well-defined mass of dense tumour
bone surrounds the humeral shaft. A typical radiolu-
cent line is present between the tumour bone and
the proximal shaft inferomedially (arrow). The
underlying bone appears normal.

extend to the ends of the affected bones and are often situated in the

distal portions. Very few other osteolytic lesions in the bones of the
hands are likely to cause diagnostic difficulty, apart from the rare
i mplantation dermoid cyst in a terminal phalanx or perhaps fibrous
dysplasia. These cartilaginous tumours are unremarkable scinti-
graphically, and angiographically their low vascularity is readily
demonstrated; a marked increase in photon activity on a bone scan

should raise the possibility of a pathological fracture or chondrosar-
coma. The high water content of the hyaline cartilage matrix results
i n particularly high signal intensity on T,-weighted MR images that
often have a lobulated contour. MRI, like other radiological tech-
niques, cannot distinguish between a benign cnchondroma and a
l ow-grade chondrosarcoma with certainty (Fig. 39.44).

Less commonly chondromas develop in the medullary cavities of
l ong bones and must he distinguished from other medullary osteo-
l ytic lesions. Here again the presence of calcification is a great help,
but is not entirely specific. The tumour margin is usually sharply
defined and accompanied by some evidence of sclerosis. The
tumour erodes the cortex from within with a clear-cut edge. The
cortex, however, remains intact and the development of an enlarg-
ing lesion may cause eccentric expansion of bone due to organised
periosteal new bone. Most of these tumours are discovered in adult
life and therefore differentiation from other osteolytic lesions, such
as bone cysts and non-ossifying fibromas, offers less difficulty
because of the patient's age. Evidence of extension of the lesion or
i rregularity of the margin (particularly in the presence of periosteal

Fig. 39.41 Parosteal osteosarcoma arising from the anterior aspect of the femur (A) is
shown angiographically (B) to be unremarkable apart from a slight increase in the number
of branches going into the tumour. The lesion was found at biopsy to be of very low-grade
malignancy.
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Fig. 39.42 Paget's sarcoma
of the body of the pubis. (A)
No malignancy was seen in this
man at initial presentation with
polyostotic Paget's disease. (B)

Three years later, however, he
complained of local pain with
the development of a purely
lytic destructive lesion involving
the body of the pubis.

contain calcification and be bordered by a thin, but usually incom-
plete, shell of overlying bone. Pressure erosion produces scalloping
of the underlying cortex and usually provokes a variable sclerotic

reaction. The presence of calcification within the lesion makes the
diagnosis of a cartilage-containing tumour relatively easy, but if
calcification is absent the mass may have to be distinguished from
non-ossifying fibroma, periosteal lipoma or neurofibroma.

Multiple enchondromas The individual lesions of the bone dys-
plasia described by Oilier are now known as dyschondroplasia and
are essentially neoplastic in type, corresponding to the descriptions
already given. Cartilage tumours found in dysplasias may be
extremely gross and cause complete destruction of the bones of the
hand. In addition to the multiple cartilage tumours, columns of dys-
plastic cartilage frequently cause considerable tabulation anomalies
and growth deformities of limbs. Although recognised in the litera-
ture to he subject to chondrosarcomatous change, this complication
has been uncommon in the experience of the authors.

Maffucci's syndrome i s the rare association of dyschondropla-
sia with cavernous haemangiomas in the soft tissues, the latter
being characterised radiologically by soft-tissue masses containing
phleboliths (Fig. 39.46). Chondrosarcomatous metaplasia is a
recognised hazard of this entity and probably develops in about
20% of cases.

This relatively rare tumour arises almost always in an epiphysis or
apophysis, 50% occurring in the second decade of life.
Presentation is of pain around the joint, usually of mild propor-
tions, and of months' or even years' duration. Joint movement
often is limited. Most of these tumours occur in epiphyses of long
bones, especially around the hips, knees or shoulders, but some
have been observed in apophyses. Histologically the appearances
are distinctive, cartilage cells being interspersed with foci of
calcification and giant cells. This lesion has been considered as a

Fig. 39.43 Multiple chondromas in the hand. This child presented with
painless swelling. Note the cortical expansion and thinning, well-defined

giant cell tumour variant. defects, patchy amorphous calcification and moulding abnormalities indi-
cating slow growth.



This tumour is predominantly chondroid, but contains myxomatous
tissue and giant cells. It may be mistaken for a chondrosarcoma.
The presenting complaints are non-specific, usually localised pain

The predominant feature is a radiolucent, eccentric, space-
occupying lesion that is situated in the metaphysis. The margin
within bone is usually well defined, with surrounding sclerosis
(Fig. 39.50). The sharpness of the margin between the lesion and
the sclerosis contrasts with the rather ill-defined margin between
the sclerosis and the host bone. In many cases, the cortex is
expanded considerably (Fig. 39.51), the peripheral bony margin
often becoming hazy and poorly defined. This aggressive appear-
ance may he so marked that the possibility of malignant change
may be considered. Unlike other cartilaginous neoplasms,
calcification within the lesion is very uncommon.

While scintigraphy i n the blood-pool phase of a bone scan, or
angiography, may reveal a slight increase in perfusion to the lesion,

and swelling, often of many months' duration. The peak age inci-
dence is between 20 and 30, with no particular sex incidence.
Typically, the lesion occurs around the knee joint in two-thirds of
cases, with an especial affinity for the proximal end of the tibia.
Flat bones and short bones have been affected.

A well-defined, radiolucent, oval lesion within an epiphysis is char-
acteristic, often with a thin rim of sclerosis and cortical expansion
(Figs. 39.47, 39.48). The eedosteal margin is well defined. Not
i nfrequently, the tumour extends into the metaphysis. Stippled
calcification occurs in about a quarter of examples (Fig. 39.49) and
i n a smaller number, an adjacent periosteal reaction may be present.
The extreme vascularity of these lesions is confirmed by the blood-
pool phase of the bone scan or by angiography. The delayed phase
of a bone scan is not helpful. CT or MRI may be of value in assess-
ing the extent of those few lesions that expand rapidly into the soft
tissues. No incidence of spontaneous malignant transformation,
however, has been recorded.

Fig. 39.44 Cartilage tumour. This patient presented with
a longstanding ache in the thigh. Coronal T 1 - weighted (A)
and STIR (B) sequences demonstrate a mixed lesion within
the femoral shaft. Note that the cartilage has high signal
on the STIR sequence. A surrounding rim of sclerosis is
shown by deficient signal on both images. Histologically,
this tumour was considered benign, in spite of giving rise
to symptoms and to increased activity on a radionuclide
scan and showing a high water content on MRI. I n a differ-
ent patient, presenting with signs of internal derangement,
a similar lesion is shown on coronal T,-weighted (C) and
STIR (D) i mages.
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Fig. 39.47 Chondroblastoma in the proximal epiphysis of the tibia. The
tumour has thinned the overlying cortex and extends across the growth
plate into the upper metaphysis.

This lesion is essentially an osseous outgrowth arising from bony
cortex. Usually it grows slowly during childhood and adolescence
with endochondral ossification, the central spongiosa merging with

that of the hone from which it is derived. Very occasionally the
lesion involutes with increasing age and finally results only in a
minor abnormality of tubulation. It is usual for growth to cease with

Fig. 39.45 J uxtacortical chondromas arising on the volar aspect of the
proximal and middle phalanges of the index finger. Obvious pressure
defects are present with new bone formation at the margins. Punctate Fig. 39.46 Maffucci's syndrome (woman aged 23). Numerous chondromas

calcification is present in the middle of the proximal lesion. in this case of dyschondroplasia are accompanied by soft-tissue swelling which
contains phleboliths indicating haemangiomas. These skeletal lesions are more
li able than ordinary chondromas to undergo malignant transformation.

the vascular pattern is unremarkable. When the bone scan does
show increased activity it is usually localised to the reactive sclero-

sis rather than to the lesion itself. CT may be necessary to delineate
a cortical margin in the expanded soft-tissue mass.

This tumour is undoubtedly very closely related to benign chon-
droblastoma and indeed ancurysmal bone cyst, since all three
contain giant cells. Histological differentiation is usually easy, but
unrepresentative biopsy material may create confusion. Radio-

logically, confusion will only occur when these lesions occur in
childhood, although the typical location of a chondroblastoma and
the ill-defined endosteal margin of an aneurysmal bone cyst will
normally suggest the correct diagnosis.



Fig. 39.49 Chondroblastoma of the femoral head. The CT image
demonstrates a destructive subchondral lesion containing areas of
calcification within it and bordered by a sclerotic rim.

skeletal maturity. Although commonly solitary, the tumours may be
multiple, when the condition is recognised as the deforming con-
genital bone dysplasia known as diaphyseal aclasia (see Ch. 35).
The importance of this relatively common benign tumour, and its
place among bone tumours, relates to the cartilage cap with which
it is covered. This structure may be very prominent and in this
tissue lies the very small risk of malignancy in the form of
chondrosarcoma. This risk is probably less than

I
°
Io, but may be

significantly higher (of the order of 10%) in diaphyseal aclasia.
These tumours arise mainly in tubular bones near the metaphyses

related to the sites of tendinous attachments. They are particularly
common around the knee and the proximal end of the humerus.
They may be either sessile or pedunculated. The latter type always
grows away from the metaphysis, being directed toward the diaph-
ysis. Flat bones also may be affected, the pelvis and scapula being
equally involved. In the pelvis, these lesions are almost invariably
of the sessile type. Rare lesions related to the laminae of vertebral
bodies may produce neurological signs.

Fig. 39.50 Chondromyxoid fibroma of the proximal tibia. Note the
extremely well defined radiolucent defect with a sclerotic margin on the
endosteal aspect. (A) AP view. (B) Lateral view.

Both types occur equally in the sexes and may be entirely asymp-
tomatic, apart from their cosmetic effect. Presentation usually
follows minor trauma. They may interfere with footwear comfort
and can cause localised neural or vascular compression. Such
symptoms arc unlikely to develop until the later stages of growth, at
or around puberty. Surgical removal should be undertaken if any
i ncrease in pain or size of the lesion occurs, particularly after
growth has ceased. Features of this type may indicate chondrosar-
comatous change in the cartilage cap.

Osteochondromas have a characteristic appearance. With a pedun-
culated tumour it is particularly easy to identify the continuation of

Fig. 39.48 Chondroblastoma. (A) A lytic lesion with a thin rim of sclerosis is shown in the distal femoral epiphysis. Axial gradient echo-image (B) and
sagittal T2 -weighted image (C) showing speckled areas of high-signal intensity within the subchondral lesion.
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Differentiation of this malignant member of the group of cartilage-
forming tumours is to be made from osteosarcoma, with which it
may be confused. Chondrosarcoma forms a spectrum of malignancy,
but usually develops later in life than osteosarcoma and carries a
much better prospect of survival because metastasis often occur
late. A high-grade (aggressively malignant) chondrosarcoma,
however, behaves in a fashion very similar to an osteosarcoma.

The clinical problem, therefore, is not so much that of metastatic
dissemination but of local recurrence. Failure to provide adequate
and early excision is attended by the subsequent necessity of further
and more difficult surgical procedures. Some evidence exists that
each surgical insult causes the tumour to become even more aggres-
sive. Certain pleomorphic osteosarcomas demonstrate cartilage for-
mation, but the established chondrosarcoma is associated with
cartilage that is mature in its development. Although some of this
cartilaginous tissue may ossify, no direct ossification (unlike an
osteosarcoma) takes place in the absence of a chondroid precursor.
In addition, these cells are histochemically negative for the produc-
tion of alkaline phosphatase.

Chondrosarcomas may develop in a cartilaginous lesion previ-
ously thought to be benign. Malignancy may arise in the cartilage
cap of an osteochondroma or in a long or flat bone (Fig. 39.56).
Chondrosarcoma of the hand or foot is distinctly unusual. The
l esions of dyschondroplasia, particularly if associated with the hae-
mangiomas of Maffucci's syndrome, are also subject to malignant
change. Nonetheless, the incidence of what might be called sec-
ondary chondrosarcoma is far less common than that apparently

Fig. 39.51 (A, B) Chondromyxoid fibroma-great toe metatarsal. The
tumour is eccentric in position with extreme cortical expansion and thin-
ning. The endosteal margin is well defined and faintly sclerotic. No
calcification is present.

its cortex with that of the underlying hone from which it arises and
the merging of its trabecular pattern into the medullary cavity
through the cortical defect (Fig. 39.52). In young adults, the carti-
l age cap may not he visualised on conventional radiographs,
although seen clearly on CT and MRI. As age progresses
calcification becomes apparent within the cartilaginous element of

the tumour, causing an increase in punctate or curvilinear radioden-
sity. Thus, the developed lesion in the adult is likely to show irregu-
lar calcification. Growth of osteochondromas usually occurs until
skeletal maturation is complete (Fig. 39.53), ceasing thereafter.
Rarely osteochondromas may be shown to regress (Fig. 39.54).
Pedunculated tumours vary in size, but may be up to 8 or 10 cm in

length and arc typically directed away from the nearest joint. Flat
and sessile types are more commonly related to flat bones, par-
ticularly the pelvis, and may grow to a substantial size, be
of considerable irregularity and become very dense. In such
cases the resemblance to a cauliflower may be striking! If the
sharply defined peripheral margin is preserved, and serial exam-

i nations reveal no increase in size, their benign nature may be
assumed.

Any change in radiological appearance, particularly with the
development of poor definition of the margin, even in one part of
the lesion, is highly suggestive of chondrosarcoma, particularly if
accompanied by a history of an insidious increase in local pain.

Local resection and histological studies then become essential
because of the shortcomings of further radiological investigation in
detecting chondrosarcoma (see below). MRI may be of assistance in
suggesting the presence of sarcomatous change by showing the
thickness of the cartilaginous cap (greater than I cm should be
viewed with suspicion), changes in the cartilage cap in an adult,

and any infiltration of adjacent soft-tissue structures. The individual
l esions of diaphyseal aclasia are those of any osteochondroma.
However, their multiplicity results in considerable moulding abnor-
mality and deformity (Fig. 39.55).

Fig. 39.52 Osteochondroma of the distal femur. The cortex is continuous
with that of the underlying bone and trabecular bone merges with that of
the femur. A well-defined cartilage cap contains calcification and is directed
away from the joint.



arising de novo. Indeed only 101' of these neoplasms arise from a
recognisable precursor, usually the cartilage cap of an osteochon-
droma, especially in patients suffering from diaphyseal aclasia.

Primary chondrosarcoma occurs mainly between the ages of 30
and 70 years and is relatively rare distal to the elbow and knee
joints, the pelvis and ribs being the most common sites, followed
closely by the proximal end of the femur. Because of this distribu-
tion, virtually all chondromas arising in flat and long bones should
be regarded as potentially malignant ab initio. Diagnosis may be
delayed because of slow growth or relatively mild symptomatol-
ogy. The tumour, therefore, may be very large when it is first
recognised.

Prognosis for chondrosarcoma is relatively good if complete sur-
gical excision is possible before dissemination, metastasis only
occurring in the later stages by the haematogenous route. Because
of the risks of local recurrence, it may be necessary to undertake
amputation. The histological spectrum of chondrosarcoma varies
widely. Difficulties with differentiation arise, at the benign end of
the spectrum, from a benign chondroma and, at the aggressive end,
from an osteosarcoma. In consequence, interpretation by a highly
skilled pathologist is essential. Particularly in a case of less aggres-
sive chondrosarcoma situated in a site of easy access, such as the
proximal end of the femur, prosthetic replacement is an effective
and cosmetic surgical treatment.

When a chondrosarcoma arises from a previous cartilaginous lesion
the diagnosis is usually straightforward. In the case of osteochon-
droma, particular attention should be paid to areas of local cortical
destruction with ill-defined margins. In addition, it may he possible Fig. 39.54 (A,B) Osteochondromas may rarely be shown to regress,
to demonstrate an associated soft-tissue mass representing abnor- remodelling resulting in normal appearances. Here an osteochondroma of
mal cartilage growth. MRI demonstrates these features more the proximal humerus cannot be visualised 6 years later.

Fig. 39.53 (A,B) A pedunculated osteochon-
droma exhibits growth over a 2-year period in the
humerus of a child. Such growth is common and
stops usually at, or soon after, puberty.
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Fig. 39.55 Diaphyseal aclasia. (A) Multiple osteochondromas are present in the proximal tibia and fibula. A large sessile lesion of the proximal tibia has
caused widening of the interosseous space and secondary moulding abnormalities of both the tibia and fibula. In another patient (B), similar modelling
abnormalities are shown. On MRI, following ligamentous injury, only a minimal cartilage cap can be identified on the medial osteochondroma, and a
slightly thicker cap on the laterally projecting osteochondroma: (C) coronal T 1 - weighted, (D) coronal FFE-T2 and (E) axial T,-weighted images.



Fig. 39.57 Central chondrosarcoma. The destructive lesion in the
femoral shaft has smooth well-defined margins, but in the upper portion,
some characteristic punctate calcification is visible. The tumour is of a slow-

Particularly in its early stages, this chandrosarcoma presents growing type because organised periosteal new bone has thickened the
difficult diagnostic problems as the presenting symptoms of minor cortex around the lesion.

Fig. 39.56 Chondrosarcoma arising from the superior public ramus on
the left. A huge mass is present containing extensive calcification. The
femoral artery is displaced by the mass but note the absence of any patho-
logical circulation. This is typical of a low-grade chondrosarcoma.

clearly. The conventional radiological demonstration of cartilage
within such a mass by punctuate or curvilinear calcification may be
absent, as this characteristic feature tends to occur in the more
mature parts of these tumours. Similarly, the central chondroma that
becomes malignant tends clinically to grow silently, spreading
within the medullary cavity to produce irregular medullary destruc-
tion. Uneven infiltration makes it difficult to determine the margin
between normal and abnormal tissue. Irregular calcification is likely
to he present in the older and central parts of the tumour. These
more organised zones may be destroyed by newer malignant
i nfiltration, indicating the dedifferentiated form of chondrosarcoma.

As growth proceeds slowly, the tumour causes smooth, scalloped
erosions on the eedosteal aspect of the cortex. An overlying lamel-
l ar periosteal reaction is not rare, especially if the malignancy is
l ow grade. In consequence, the ultimate thickness of the cortex
around the tumour may exceed that in the unaffected portion of the
bone, the appearance then being that of a localised fusiform expan-
sion (Fig. 39.57). Pathological fractures are quite common and may
draw initial attention to these tumours.

The malignant nature of the lesion is unequivocally established
when penetration of the cortex is shown together with an associ-
ated and clearly defined soft-tissue mass, within which
calcification, or even ossification, may occur (Fig. 39.58).

pain or discomfort may be accompanied by only minimal radio-
l ogical change. This may be a poorly defined area of medullary
translucency with possibly a little periosteal reaction or the pres-
ence of an abnormal soft-tissue mass. The acetabulum is some-
ti mes the site of the development of these rather nebulous and
difficult lesions (Figs 39.59, 39.60). The first radiological evidence
of its presence may be a soft-tissue mass projecting into the pelvic

cavity. The cortex of flat bones tends to be thinner than that of long
bones, and chondrosarcomas of the ribs or the pelvis penetrate it at
an early stage. This feature may he demonstrated more clearly by
CT. Hence these tumours are especially liable to grow to a sub-
stantial size over a prolonged period, particularly if in a clinically
occult area. Rapid growth naturally indicates a more aggressive

type of malignancy.
As may be expected, the more mature cartilage elements fre-

quently progress to calcification and ossification, and larger
tumours often have a lobulated or cauliflower appearance. Very
rarely a chondrosarcoma may arise in soft tissues, including tendon
sheath and meninges. Cranial lesions also can arise from the sphe-
noid (Fig. 39.61) and clivus where they require differentiation from
chordoma.

Radiologically no criterion of malignancy is absolute. The
demonstration of increase in size and ill-defined margins on plain
film is highly suggestive. Destruction of organised existing carti-

l age calcification is indicative also of local infiltration. The demon-

stration of cortical disruption is helpful.
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Fig. 39.59 Chondrosarcoma arising in the acetabulum of a 45-year-old
man. (A) The tumour is purely lytic. Cortical thickening is shown medially.
(B) CT demonstrates disruption of the cortex posteriorly, with a localised
soft-tissue mass beneath the glutei and faint calcification within the lesion.

Fig. 39.58 Central chondrosarcoma. (A) The tumour is more aggressive than that in Fig. 39.57, and has extended into soft tissues. This is confirmed by
CT (B), showing extension anterior to the femoral shaft. Calcification is present both in the soft-tissue mass and within the shaft lesion.



Fig. 39.62 Dedifferentiated chondrosarcoma. A chondrosarcoma is
present centrally within the distal femoral shaft, characterised by slight
expansion and amorphous calcification. In addition, an area of osteolysis is
present with cortical destruction around the lower half of the tumour. The
latter represents a high-grade malignancy arising in conjunction with a pre-
existing relatively low-grade tumour.

Fig. 39.60 Chondrosarcoma. Arising primarily in the region of the
acetabulum. A coronal T 1 - weighted (A) and axial STIR (B) sequences
demonstrate a large lobulated mass occupying the floor of the acetabulum
and extending through into the pelvis and the obturator foramen. Note
the high signal on STIR, suggesting aggressive tumour, with also some
i ncreased signal surrounding the lesion due to oedema (secondary
response). There is obvious involvement of the hip joint.

Fig. 39.61 Chondrosarcoma arising in the sphenoid bone of an adult
woman. A large soft-tissue tumour extends from the nasal cavity to the
middle fossa. A thin sclerotic margin outlines the mass, which contains faint
punctate calcification. Note the displacement of the globe.

Scintigraphically most of these neoplasms tend to have a slight
i ncrease in activity only on the delayed phase of a bone scan, but
high-grade chondrosarcomas may demonstrate an increase in the
blood-pool image. Angiographical/v, minor vascular displacement
is usually evident, with scanty new vessels in the majority. Only
when the tumour is of particularly high-grade malignancy is the
type of increased perfusion and new vessel formation similar to that
associated with an osteosarcoma. While MRI may infer a cartilage
tumour, by virtue of the high water content of cartilage, only the

direct infiltration of adjacent soft tissues will definitely suggest
malignancy (Fig. 39.60). Reference has been made above to malig-
nant cartilaginous tumours of relatively low-grade malignancy
undergoing relatively rapid deterioration. In such instances the radi-
ological diagnosis of dedifferentiation may be suggested when an
area of osteolytic destruction develops adjacent to the original

tumour (Fig. 39.62) and which may destroy part of the pre-existing
calcified portion of the tumour. These dedifferentiated forms may
exhibit the microscopic appearance of a frank osteosarcoma,
fibrosarcoma or, not uncommonly, malignant fibrous histiocytoma
with its characteristic storiform pattern of the tumour cells (see
below). The age, sex and clinical features otherwise are comparable
to those of an orthodox chondrosarcoma.
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Fig. 39.63 Mesenchymal chondrosarcoma. A hard mass
had been present in this middle-aged man's calf for 8 years.
Recently it had increased in size. (A) Soft-tissue radiography
shows extensive calcification in a well-defined tumour mass.
(B) The blood-pool phase of a bone scan reveals a marked
i ncrease in vascularity throughout the lesion that is intensely
active on the delayed images ((C) top right). Note also the
presence of multiple metastasis, particularly in vertebrae
and the pelvis. (D) A femoral arteriogram confirms the
markedly abnormal vascularity with pathological vessels
throughout the tumour mass. The similarity between the
extent of the abnormality shown angiographically and on
the blood-pool phase of the bone scan is striking.
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This is an uncommon variant of chondrosarcoma that is typically
l ocated within the epiphysis, usually occurring within the proximal
humerus, femur or tibia.

Radiological/v clear cell chondrosarcoma resembles chondro-
blastoma, resulting in a well-defined ostcolytic lesion in the epi-
physis that may have a sclerotic border. A periosteal reaction is not
seen although calcification within the lesion may occur.

This malignant cartilage tumour is rare. Histologically it is charac-
terised by the presence of more or less differentiated cartilage
together with highly vascular spindle cell or round cell mesenchy-
mal tissue. About a third of these humours arise in the soft tissues,

especially in the extremities (thigh and calf). The soft-tissue mass
frequently shows irregular calcification (Fig. 39.63).

Radiological/v this lesion shows a rapid increase in size with
highly aggressive features and the early detection of metastasis. The
condition affects adults at an earlier age than most chondrosarco-
mas, although in general the age group is older than that of
osteosarcoma.
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group, between 10 and 20 years. The vast majority is found around the
knee joint, the distal end of the femur being the most common loca-
tion. The lesion occasionally presents with a pathological fracture
(Fig. 40.3). Usually it is asymptomatic.

The radiological findings reveal an area of increased radiolu-
cency which is sharply defined in the mctadiaphysis, the margins
are smooth and sharp, with a rather lohulated appearance, and are
defined by a thin zone of reactive sclerosis. In larger hones such as
the tibia and fibula the lesion may he eccentric and appropriate
oblique views will show its relationship to one of the cortices.
However, in more slender bones, such as the fibula, the whole width
of the hone may be involved. On the outer margin the cortex is
usually slightly expanded but remains intact and thinned.
Scintigraphically only a minimal increase in activity can be detected on
the delayed phase scan, the degree of increased activity solely
reflecting the size of the lesion, unless there has been a pathological
fracture. As in fibrous cortical defect, the natural history is for the
lesion to regress, initially by an increase in the surrounding zone of
sclerosis and latterly by replacement with normal hone (Fig. 40.4).
There is a debatable association of multiple non-ossifying fibromas
with neurofibromatosis.

The differential diagnosis, particularly when the whole width of the
hone is involved, is from a solitary bone cyst or monostotic fibrous
dysplasia. Differentiation from the former may be very difficult on all
radiological grounds whereas distinction from monostotic fibrous dys-
plasia is relatively straightforward, due to the avidity of the latter for
hone-seeking radiopharmaceuticals and the obvious textural differ-
ence on MRI between a cyst and a solid lesion.

This rare tumour exhibits dense fibrous tissue, simulating desmoid
tumours of the abdominal wall. Relatively few occur in bone and
then usually in young adults. Pain is a constant presenting feature.
The lesion is often tender. The majority arises in the mctadiaphysis
of long bones (Fig. 40.5), although the pelvis and spine are other
sites of predilection.

Radiologically these tumours tend to be large, solitary and

destructive, with an expanded and irregular sclerotic margin and

1287

This lesion is similar to a fibrous cortical defect except that it is
much larger and characteristically occurs in a slightly older age

Fibrous cortical defects are extremely common, occurring in up to a
third of normal children between the ages of 2 and 15 years.
Characteristically they occur around the knee, especially in the
distal posteromedial femoral cortex. They are usually discovered by
chance and arc not known to be symptomatic.

Radiologically they are blister-like expansions of the cortex with
a thin shell of overlying hone (Fig. 40.1). They may be slightly lob-
ulated, but arc always sharply defined (Fig. 40.2) and have a fine
sclerotic margin, particularly when seen in profile. Because of their
characteristic site they are radiolucent when observed in a frontal
view of the knee. An oblique projection will always show the corti-
cal location. With increasing skeletal maturity the lesion may
appear to migrate toward the diaphysis before becoming progres-
sively sclerotic and involuting completely. Bone scans are unre-
markable, revealing only a minimal increase in activity on the
delayed phase in proportion to the size of the lesion.

The differential diagnosis, when the lesion occurs in its typical
site, is from a cortical desmoid or cortical avulsion syndrome that
occurs at the insertion of the adductor magnus muscle or the origin
of the medial head of the gastrocnemius muscle. This abnormality
i s attributed to chronic low-grade traction resulting in irregularity of
t he femoral cortex, sometimes with a radiolucency, but often with
i rregular calcification. Because these lesions arc almost certainly of
traumatic origin, an abnormal increase in activity is evident on a
hone scan and a slight increase in vascularity is seen on an
angiograin. The typical site and lack of endosteal abnormality
should prevent the misdiagnosis of a sarcoma.



Fig. 40.2 Fibrous cortical defect in the upper medial tibia is shown on
CT (arrow). Note the purely cortical position of the defect and its sharply
defined margin. The thin shell of overlying bone is not seen completely
because of the partial volume effect.

often with a trabeculated pattern. There may be a slight increase in
density within the lesion, so that superficially it may resemble mono-
stotic fibrous dysplasia. Slight irregularity of the margin may suggest

an aneurysmal bone cyst when the lesion is purely osteolytic.
Multiple fibromatous tumours are present in congenital multiple

fibrornatosis, i n which half the patients have associated bony abnor-
malities. This rare childhood condition demonstrates multiple,

Although this is the least common of the malignant primary
tumours arising in skeletal connective tissue, representing about 5%
of all, individual lesions vary widely in their appearances and to this
extent can create diagnostic difficulties. This variation corresponds
to a wide range of histological characteristics, but the degree of
malignancy and the radiological features correlate reasonably well.
Many of the characteristics lie between those of osteosarcoma and
chondrosarcoma.

Fibrosarcoma occurs most commonly in the third to sixth decades,
with no sex difference. Presentation is usually due to low-grade
pain, sometimes swelling, usually present for less than a year. In
many, the precipitating factor may be a pathological fracture
( Fig. 40.6). While a few of these tumours arise primarily in soft
tissue and cause secondary bony changes, the majority develop pri-
marily in bone and may be either medullary or periosteal in loca-
tion. A medullary lesion is considerably more common and usually
arises in the metaphyseal area. Approximately 80% occur around

Fig. 40.1 Fibrous cortical defect
arising in posteromedial aspect of the
distal medial femur. (A) The abnormal-
i ty is confined to the cortex with very
fine shell of overlying bone and a
sharply defined endosteal margin. (B)
A bone scan demonstrates a slight
i ncrease in activity (arrow) at the site
of the lesion.

rounded, corticated, cystic metaphyseal lesions, often with sharply
defined sclerotic margins. These fibromatous foci tend to regress with
i ncreasing age and have an excellent prognosis. In infantile myofibro-
matosis (congenital generalised fibromatosi.s) similar multiple
nodular fibroblastic lesions of the soft tissues, frequently associated
with multiple lytic bone lesions, occur with disseminated involve-
ment of muscle, heart and lungs; the outlook in this group is poor.
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Fig. 40.5 Desmoplastic fibroma. A destructive, lobulated lesion is present
i n the distal metadiaphysis of the humerus. Bone expansion is present with
sclerotic margins around the tumour. A soft-tissue component has caused
consolidated periosteal new bone formation.

Fig. 40.3 Non-ossifying fibroma of the distal tibia presenting with a frac-
ture. The well-defined outline and eccentric position of the tumour are
demonstrated together with sharply defined sclerotic margins.

Fig. 40.4 Sclerosis of a non-ossifying fibroma. Incidental finding following multiple ligamentous injuries to the knee. (A) Conventional radiograph. Only a
faint band of sclerosis is shown around the margins of the fibroma (arrows). Coronal T,-weighted (B) and STIR (C) MR images showing mixed fibrous and
normal marrow replacement (arrows) within the involuted lesion. Tears of the anterior cruciate and medial collateral ligaments are also evident.

the knee. It is less usual for a flat bone to he involved. The rarer Radiological features

periosteal type has a more widespread distribution, but still has a The tumour is essentially osteolytic, provokes little new bone forma-

predilection for long hones, where any portion of the shaft may be lion and usually lacks calcification or ossification. The medullary

affected. This type tends to develop a clinically palpable mass in the variety is characterised usually by an irregular area of radiolucency.

earlier stages. The zone of transition may vary from being relatively narrow,



Fig. 40.7 Fibrosarcoma
arising in the medulla of
the femoral head and neck.
This 35-year-old man pre-
sented with poorly localised
pain in the hip. (A) At pre-
sentation an ill-defined area
of bone destruction on the
medial aspect of the
femoral head and neck. The
cortex is preserved with no
new bone formation. (B)
Three months later a
pathological fracture has
occurred through the
destructive lesion.

A group of tumours has been separated, mainly from fibrosarcomas.
based on histological and clinical findings. These aggressive, often
metastasising, tumours are probably of histiocytic origin. They
occur ill an older population, usually around 55 years of age,
affected individuals complaining chiefly of pain, swelling or of a
slowly enlarging mass. The majority develops in soft tissues. The
relatively small number arising in bone has a predilection for the
femur and the ends of the tibia and humerus; others arise in the
pelvis and ribs.

Fig. 40.6 Fibrosarcoma presenting with pathological fracture of the
femur in a woman of 50. Ill-defined bone destruction, particularly of the
medulla, is associated with very minor periosteal new bone formation and
no sclerosis. The cortex has been thinned on the endosteal surface.

i ndicating a well-differentiated tumour, to being diffuse and perme-
ative, suggesting a highly aggressive tumour (Fig. 40.7). With very
l ow grade tumours a minimal degree of sclerosis may surround the
radiolucency. Slowly growing tumours may thin and expand the
cortex, but with a diffuse infiltrative pattern it is more usual for corti-
cal destruction to occur. The subsequent soft-tissue extensions are
without calcification or ossification, and periosteal new bone forma-

tion is unremarkable. This feature may differentiate the tumour
from ostcosarcoma or chondrosarcoma.

Periosteal tumours, however, frequently exhibit shaggy ill-
defined periosteal new bone formation. Destruction of the outer side
of the cortex frequently takes place, but the erosion is usually
clearly defined, almost as though a piece of hone has been removed
surgically. In this respect considerable variance is shown from the
poor definition of the edge of most malignant tumours. Consequently
the impression may be gained of a benign periosteal tumour, such as a
lipoma. Secondary involvement of hone may result also from a
fibrosarcoma arising in soft tissue.

As with the conventional radiographic appearances, angiography
roughly mirrors the degree of malignancy of the tumour. CT and
MRI will define the extent of the tumour and its relationship to
neurovascular structures. The success of a bone scan is variable, as
i t depends on the degree of hone response and the amount of
periosteal new bone formation. Metastatic dissemination from
fibrosarcoma is not usually detectable with a hone-seeking agent.

Fibrosarcoma may also arise in the fibrous wall of a medullary
i nfarct, following irradiation or secondary to chronic osteomyelitis,
and is one of the histological patterns associated with Paget's sarcoma.
To differentiate fibrosarcoma of bone from other malignancies is by
no means straightforward. The major differential is from osteosar-
coma and chondrosarcoma. Moreover, the more aggressive, ill-
defined varieties may be indistinguishable from malignant round
ell tumours, particularly non-Hodgkin's lymphoma.
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Fig. 40.8 Malignant fibrous histiocytoma arising in the sacral ala of a 60-year-old woman. (A) A purely destructive, lytic lesion is present with slight scle-
rosis around its margins. Note that the lower border of L5 has also been destroyed together with part of the iliac wing. (B) A radionuclide bone scan shows
the tumour to be photon deficient but a rim of increased activity corresponds to reactive bone sclerosis.

The radiological features are primarily those of an ill-defined,
purely osteolytic lesion with early cortical destruction, frequently in a
permeative fashion, often with some expansion. To this extent, they
resemble fibrosarcomas of an aggressive type. Occasionally punctate,
soft-tissue calcification is present and a small proportion exhibit
periosteal reaction and endosteal sclerosis (Fig. 40.8). A soft-tissue
mass often develops early. Angiographically, areas of avascularity
and hypervascularity are typical, including the demonstration of new
vessels and encasement. Scintigraphy is not usually informative.
Many cases present with multiple skeletal lesions and the initial

i mpression is of skeletal metastases rather than of a primary or multi-
focal bone tumour. As with fibrosarcoma, malignant round cell
tumours require consideration in the differential diagnosis.

This rather unusual neoplasm is almost invariably located in the

tihial shaft. Clinically, l ocalised pain and swelling have usually
been present for several years. The age range varies from 15 to 55

years. On examination a soft-tissue, possibly cystic, swelling is pal-

pated. Histologically, difficulty may arise in differentiating this

l esion from metastatic adenocarcinoma or squamous cell carci-
noma, since the glandular and fibrous component of the tumour
may suggest an epithelial derivation.

Radiologically an eccentric area of destruction usually involves
the anterior portion of the tibia] shaft. Slight expansion and cortical

thinning, with a cystic or multiloculated appearance, are usual
(Fig. 40.9). Periosteal reaction is not marked, but cortical destruc-

Fig. 40.9 Adamantinoma of the tibia. Eccentric areas of bone destruction
are present anteriorly with thinning of the cortex. The cortex is expanded.
In addition to this abnormality, sclerosis and ill-defined cortical thickening
are present throughout the whole of the tibia, which is also bowed. These
features are due to associated fibrous dysplasia (or a close variety some-
ti mes known as ossifying fibroma which occurs only at this site). (A) AP
view. (B) Lateral view.



A group of turnouts rich in giant cells, formerly confused in the lit-
erature, has now been subdivided, on histological and radiological
grounds, into giant cell tumour (`osteoclastoma') and the giant cell
tumour variants. The latter include chondroblastoma (see Ch 39),
chondromyxoid fibroma (see Ch 39) and aneurysmal bone cyst (see
below). However, all these variants exhibit some areas that are iden-
tical histologically. In consequence, while broadly clear-cut radio-
logical and histological categorisation is possible, a definite overlap
exists. The `brown' tumours of hyperparathyroidism have also been
included in this category as they may be indistinguishable
histologically.

These tumours conform to a fairly constant clinical and radiological
pattern. As with many other tumours, the initial presentation is of
l ocalised pain and swelling, some presenting following trauma or as
an incidental finding. Histologically, richly vascular tissue contains
plump spindle cells and numerous giant cells containing 50-100
nuclei. The tumour forms neither bone nor cartilage.

It is locally aggressive and likely in more than half of instances
to recur in spite of extensive curettage or excision with or without
radiotherapy.

A small proportion is allegedly malignant. Malignancy may be
mistaken in those that are initially extremely aggressive and others
that become so following surgical or therapeutic intervention.
Sometimes confusion arises because the extreme aggressiveness of
the tumour, histologically and radiologically, does not correlate
with the subsequent development of distant metastases to the lung.
A small group of undoubtedly malignant, metastatic giant cell
tumours has been recognised, often with a dominant fibrosarcoma-
tous stroma. Attempts at histological and radiological grading have
had only limited prognostic value.

The majority of patients present between the ages of 20 and
40 years. Only about 3% of cases develop in immature skeletons, dis-
tinguishing these patients from those with aneurysmal bone cysts,
in whom the tumour maximally occurs before epiphyseal fusion.
Giant cell tumours are muftifocal in about 0.5% of cases, often in Fig. 40.10 Giant cell tumour arising in the distal radius of an adult man. A
the hands. The solitary lesion shows a predilection for hones adja- characteristic, eccentric, immediately subarticular position makes this diagnosis
cent to the knee joint and the distal end of the radius. Histological very probable. The margins are ill defined with no sclerotic reaction.

A zone of radio] ucency is typically situated immediately beneath the
articular cortex, sited eccentrically at the end of a long bone
(Fig. 40.10). The exception to this rule is when the lesion arises in a
former apophysis, notably the greater trochanter. Unless complicated
by a fracture, the lesion does not contain calcification or ossification,
although in about 40% of cases it is characterised by a 'soap-bubble'
pattern of trabeculation. The margins are purely osteolytic; a sclerotic
margin is rarely evident. Characteristically, therefore, the margin is
hazy and ill defined with no bone reaction (Fig. 40.11).

Lesions that are more aggressive are associated with widening of
the zone of transition. The overlying cortex may be expanded and
exquisitely thinned, without the development of periosteal new
bone formation, except as a response to a pathological fracture
(Fig. 40.12). The tumour may produce a well-defined extension into
the adjacent soft tissues, without evidence of calcification or new
bone formation. The presence of such a soft-tissue mass does not,

of necessity, indicate a sarcoma. This complication is inferred by a
rapid change in size or character of the tumour on sequential
radiographs.

Angiographically, and on the blood-pool phase of a bone scan, vas-
eularity is markedly increased, typically with an increased number of
vessels, arteriovenous shunting and tumour staining. Many exhibit
encasement. These features do not correlate with either clinical
aggressiveness or sarcomatous change and may be extremely difficult
to distinguish from those observed in other giant cell-containing

tion may be extensive. The margin of the tumour varies from being
sharply and clearly defined, with a slight sclerotic margin, to a hazy

zone of transition several millimetres in width, comparable to that
observed in giant cell tumours. Some of these tumours may be 15
cm long or more, with satellite lesions.

Adamantinoma probably has a relationship to ossifying fibroma,
which may be itself a localised form of fibrous dysplasia in which it
has been observed to develop as a late complication. While the radi-
ological appearances of adamantinoma are not pathognomonic, the
l ocation and the clinical history suggest the diagnosis. The tumour
continues to grow at a slow rate, but is characterised by local recur-
rence and eventual metastasis to lung. Extensive local resection is
the usual form of treatment.

review of a number of cases in which spinal lesions have been
detected has indicated that the correct diagnosis is much more com-
monly an aneurysmal bone cyst. Facial bones appear to be exempt.
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tumours, particularly aneurysmal bone cysts. The delayed phase of a
hone scan is usually normal. CT or MRI (Fig. 40.13) may be neces-
sary to delineate fully the soft-tissue extent of the tumour.

Many of the rather more aggressive giant cell-containing tumours
i n the younger age group may in fact be giant cell-rich osteosarco-
mas (Fig. 40.14). It is possible that some of the reported metastasis-
i ng malignant giant cell tumours may be of this type. Usually,
however, little difficulty arises in differential diagnosis, the eccen-
tric, purely lytic and subarticular location of the tumour being char-
acteristic. Differential diagnosis includes aneurysmal hone cysts
and chondroblastoma. The `brown' tumours of hyperparathyroidism
and monostotic fibrous dysplasia require consideration (Fig. 40.15).
Occasionally an intraosscous ganglion or large subarticular geode
may cause confusion (Fig. 40.16).

I n spite of apparently successful curettage and packing with bone
chips, these tumours have a tendency to recur, even years after
i nitial treatment. Intraosseous recurrence results in osteolysis adja-
cent to the previous surgery. Occasionally soft-tissue deposits
i mplanted at the time of surgery will appear as enlarging ossified
masses. Secondary sarcomatous change may also occur following
radiotherapy after intervals of several years. On rare occasions the
tumour may cross a joint or extend from one hone to another.

The exact aetiology of this tumour is unknown, but the descriptive
name is derived from the macroscopic appearances of a blood-filled,
expansie, sponge-like tumour containing numerous giant cells.
Aneurysmal bone cyst has been shown to arise in association with
other abnormalities of the skeleton, particularly non-ossifying
fibroma, fibrous dysplasia and chondromyxoid fibroma. Such lesions

Fig. 40.11 Giant cell tumour of the patella. Giant cell tumours can arise
in almost any bone but those around the knee are particularly affected.
Note the immediately subarticular, eccentric position of the tumour which

i s purely osteolytic with no sclerotic reaction. The epiphyses have fused.

Fig. 40.12 Giant cell tumour of the distal femur. AP (A) and lateral (B) radiographs showing a large immediately subarticular osteolytic lesion with appar-
ent trabeculation and a wide zone of transition proximally. A localised area of cortical expansion is demonstrated posteriorly with a thin overlying shell of
bone. (C, D) CT sections through the lesion demonstrating the localised dorsal expansion and intact overlying cortex. The apparent trabeculation demon-
strated on the conventional radiographs is shown to be due to unresorbed ridges of cortical or trabecular bone at the margins of the lesion.



Fig. 40.14 Giant cell-rich osteosarcoma. (A) A radiograph of this boy at
presentation demonstrates an eccentric, purely osteolytic lesion in the
upper tibial metaphysis. The cortex has been breached but there is no
periosteal new bone and only very faint surrounding sclerosis. (B) Six
months later, following curettage and packing with bone chips, the
flagrantly aggressive nature of this tumour is obvious. Note now the
Codman's triangle on the lateral aspect of the tibial shaft and a substantial
soft-tissue mass that contains ossification.

Fig. 40.13 A giant cell tumour of humerus. Coronal T 1 -weighted (A) and
axial STIR (B) sequences demonstrate a large lobulated mass in the humeral
head and neck replacing all normal bone structures. Note the close approx-
i mation to the articular surface and the displaced axillary vessels.
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Fig. 40.15 Brown tumour of hyperparathyroidism simulating the appear-
ance of a giant cell tumour. An osteolytic lesion in the proximal ulna is
shown extending to the immediate subarticular region. The margins are
poorly defined and there is marked thinning and expansion of the dorsal
cortex (arrowheads). A clue to the correct diagnosis, however, is provided
by the subtle chondrocalcinosis of the articular surface radial head (curved
arrow).

have been described as `secondary' aneurysmal bone cysts. They

have also been recorded following a fracture.
These tumours present in childhood or early adolescent life, with

a predilection for the Tong hones and the lumbar spine. Those
arising in the spine occur slightly later, between 10 and 20 years of
age. The neural arch is more commonly involved than the body
(Fig. 40.17), half of these cases involving more than one vertebra.
The prognosis is entirely benign apart from secondary neurological
lesions due to spinal canal compression.

Fig. 40.16 Large subarticular geode mimicking a giant cell tumour. (A) Conventional AP radiograph showing a large subarticular osteolucency with well-
defined distal margins in the proximal tibia. Prominent medial compartment osteoarthritis is shown. Sagittal T1 -weighted (B) and coronal STIR (C) MR
i mages showing the multiloculated cystic nature of the tibial geode and the well-marked knee joint osteoarthritis.

Radiological features
Typically an area of bone resorption occurs with slight or marked
expansion (Fig. 40.18), the size of the lesion varying between 2 cm
and, in gross examples, as much as 20 cm in diameter. The overly-
i ng cortex is thinned and may be expanded (Fig. 40.19) to such a
degree that in places it can he identified only by tomography or CT.
The endosteal margin is relatively well defined against cortex, and
an ill-defined zone of transition is usual between the lesion and
medullary bone, occasionally with slight sclerosis. A margin of this
type is similar to that observed in giant cell tumour. Sometimes it is
scalloped or irregular. Angiographically many features are common
to giant cell tumour, in particular a rich increase in vessels with
diffuse opacilication and early venous tilling. This appearance may
be shown in the blood-pool phase of a hone scan. Both CT and
MRI may show fluid levels in the vascular spaces (Fig. 40.20).

Most lesions evolve slowly. However a few show a highly
aggressive radiological pattern and may increase alarmingly in size,
even doubling in a few weeks. The possibility of a very malignant
vascular tumour such as an angiosarcoma may then be entertained.

Differentiation from giant cell tumour is aided by the age of the
patient. as three-quarters of aneurysmal bone cysts occur before
epiphyseal fusion has occurred, and their widespread anatomical
distribution contrasts with the majority of giant cell tumours occur-
ring around the knee and wrist. Therefore, difficulty is likely to
arise only when the abnormality occurs after epiphyseal closure or
when it is situated at the end of a long hone. Aneurysmmal bone cyst
rarely extends to the articular surface and is often central. compared
t o the subarticular eccentric nature of giant cell tumour. The spinal
l esions need to he differentiated from osteoblastoma and osteoid
osteoma. The bone-forming nature of these latter two tumours.
together with their associated sclerotic reactions. provides valuable
differential diagnostic signs.
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Fig. 40.17 Aneurysmal
bone cyst arising from
l amina and internal mass of
C6 resulting in a unilateral
dislocation of the facet
j oints in a 10 year old girl.
Some extension into the
adjacent vertebra of C7 is
evident.

Aneurysmal bone cysts are treated by curettage or radiotherapy,
the latter being particularly valuable in spinal lesions where surgery
may be considered hazardous. An increasing role, however, has
developed for transcatheter embolisation in the management of
these tumours. Aneurysmal bone cyst is a particularly good
example of the importance of radiological investigation being com-
plete before biopsy is undertaken, because these lesions, not sur-
prisingly, bleed considerably and the preoperative demonstration of
the vascular nature of this tumour may save some embarrassment!

Fig. 40.18 Aneurysmal bone cyst (boy aged two). This film was taken
because of an asymptomatic swelling and shows the characteristic features
of metaphyseal involvement, cortical expansion and thinning, with a rela-
tively well defined endosteal margin.

l ogical deficits may occur secondary to the collapse of an involved
vertebral body with or without an extraosseous soft-tissue tumour
component. The age of presentation is between 10 and 45 years. /

Haemangiomas are either cavernous, with large thin-walled vessels
occurring particularly in vertebrae andthe skull, or capillary, tending
to spread in a sunburst pattern. Typically, the tumour is solitary, the
commonest site being a thoracic or lumbar vertebral body.

Radiologically, conventional radiographs show increased
translucency with a characteristic fine vertical striation (Fig. 40.22).
Half the lesions involve purely the vertebral body, the other half
extending into the posterior elements. A small proportion has an
associated soft-tissue mass (Fig. 40.23). The overall size of the ver-,
tebral body is often within normal limits, a helpful differential
feature from Paget's disease.

The remainder of the skeleton is affected in approximately half
of cases, with the skull and long bones being sites of predilection,
although other areas may uncommonly be involved (Figs 40.24,
40.25). Although these tumours may present a striated appearance ,

in long bones and ribs, as in the vertebral lesions, the radiological
changes in these other areas are usually very different, tending to be
osteolytic with sclerotic margins and often causing some cortical
expansion. The osteolytic component has a soap__ bubble appearance
within which a sunburst or stippled radiodensity may be evident,
possibly extending into the soft tissues with radiating spicules of
bone. This pattern may be encountered with a capillary haemangioma,

,

particularly in the skull and pelvis (Fig. 40.26). In some cases
l ocalised cortical thickening, from which peripheral bone spicules
may extend, simulates an osteosarcoma. However, scrutiny and
appropriate further investigation resolves any difficulty.

Intraosseous haemangiomas are benign and slow growing. Malignancy
i s virtually unknown. Many of these benign vascular neoplasms are
asymptomatic, their presence being detected incidentally.

They are not infrequently shown on MR studies of the spine, par-
ticularly lumbar (Fig. 40.21). The autopsy incidence is about 10%x. A

few cause swelling and mild pain. Occasionally, significant neuro-



Fig 40.20 Aneurysmal bone
cyst of the distal tibia. (A)
Coronal T 1 - weighted image
showing an expansile lesion of
the distal metaphysis contain-
i ng heterogeneous areas of low
signal intensity. (B) Coronal T2

-weighted image. Apparently
multiloculated high-signal-
i ntensity expansile lesion of the
metaphysis. (C) Axial T2

-weighted image. Multiple fluid
levels are demonstrated in the
vascular spaces.

Fig 40.21 Vertebral haemangioma showing characteristic high signal
i ntensity due to the associated fatty matrix on both the T 1 - weighted (A)
and T2 -weighted (B) images of the upper lumbar spine. The circular nature
and speckled low-signal areas within the lesion are typical features.

Fig. 40.19 Aneurysmal bone cyst of the proximal fibula. Considerably
greater expansion has occurred in this example. The cortex is now very thin
though apparently intact. The zone of transition between the lesion and
adjacent bone is narrow but ill defined. Note apparent multiple septa
within the lesion.
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Fig 40.23 Axial T2 -weighted image through the lumbar spine showing a
vertebral haemangioma with a substantial extraosseous component. This
results in considerable compromise to the thecal sac and widening of the
right neural foramen.

Soft-tissue cavernous haemangiomas may be recognised by well-

defined circular calcifications due to phleholiths (Fig. 40.27). This

i s one component of Maffucci's syndrome, the other being multiple

chondromas (see Fig. 39.46).
Scintigraphically, the bone lesion shows increased activity on the

delayed phase of a hone scan (Fig. 40.28). Both hone and soft-

tissue lesions may be detected by a blood-pool scan (Fig. 40.29).

The appearance of increased activity in a vertebral tumour cannot

therefore be used to distinguish between Pallet's disease, a sclerotic

metastasis or a haemangioma. MRI will demonstrate any soft-tissue

mass arising from a vertebral lesion. If surgical excision or trans-

catheter embolisation is required, it may be important to demonstrate

the artery of Adamkiewicz with spinal arteriography to avoid para-

plegia. Some lesions respond well to radiotherapy, particularly those

in vertebrae.

Fig. 40.22 Haemangioma of the vertebral body of L3. The whole body is
marked by the characteristic vertical striation, which in this example does
not extend into the pedicles.

Fig. 40.24 Haemangioma of the middle finger middle phalanx with associated prominent soft-tissue component. (A) Conventional radiograph showing
sclerotic striated phalanx of the middle finger and soft-tissue swelling. Coronal T 1 -weighted (B) and gradient-echo (C) MR images showing the extensive
soft-tissue component of the cavernous haemangioma. The dilated abnormal vessels and vascular spaces appear as characteristic low-signal serpiginous
channels on the T,-weighted sequence but have a high signal intensity on the gradient-echo image.



This relatively rare syndrome is a variant of angiomatosis of bone

i n which vascular proliferation predominates. Its origin is unknown. It
is recognised usually in childhood, but more than one-third of
patients is over the age of 35. Progressive weakness and limitation
of movement of the affected area characterise the onset. Pain is not
an early feature, although obviously occurring with a pathological
fracture. After a period of months or years the limb becomes useless
or flail. The course is unpredictable, either stabilising or progressing
fatally with the development of chylothorax.

Radiologically an ill-defined area of radiolucency may be
observed in a single bone, but this destructive process progresses
slowly to involve adjacent bones without respect for intervening
joints (Fig. 40.30). Symptoms, however, may be so insidious that
extensive absorption of many adjacent bony structures may be
revealed at the initial examination. Arteriography and lymphography
have shown no connection of these lesions to either the vascular or

lymphatic circulations.
Fig. 40.26 Haemangioma of the skull is shown on a localised view of the
temporal fossa. Note the purely osteolytic lesion with stippled radiodensities.

Fig. 40.25 Haemangioma of the inferior pubic ramus in
a young woman. (A) Conventional radiograph showing an
expansile osteolytic lesion within the inferior pubic ramus
with cortical thinning and fine trabeculation extending into
the posterior column of the acetabulum. An aneurysmal
bone cyst, giant cell tumour or metastasis from a thyroid
carcinoma or renal cell tumour should be considered in the
differential diagnosis. Coronal T i -weighted (B), STIR (C)
and axial T2 - weighted (D) MR images of the pelvis show
the extent of the expansile lesion within the inferior pubic
ramus and posterior acetabulum. Marked bony expansion
i s evident but there is no soft-tissue component to the
tumour.
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There is no clear distinction between these two tumours. It is
thought that neurilemmoma or schwannoma arises from a specific
cell, the Schwann cell, whereas neurofibromas come from non-
specific cells in nerve sheath. The essential difference is that a schwan-
noma is eccentric in relation to the nerve with which it is associated,
whereas a neurofibroma is an expansile mass through which the nerve
passes. When these lesions enlarge in intimate relation to bone, the
l atter undergoes pressure erosion resulting in an osseous defect.
Radiological differentiation between such lesions is not possible.
However there is some histological importance, as neurilemmomas
are usually solitary and never undergo malignant change, whereas
neurofibromas are often multiple and may become sarcomatous.
Tumours arise at any age, and in either sex, usually giving rise to
symptoms only as the result of nerve pressure or occasionally
pathological fracture. Nerve pressure arises typically when the
tumour is located within an osseous canal. Neurilemmomas have a
predilection for the mandible whereas neurofibromas are more
closely related to the spinal canal.

This rare entity is probably due to a hamartomatous malformation
of primitive vessels. It may be difficult to distinguish the tissue of
origin. Some lesions are clearly related to blood vessels, others to

lymphatics. Among numerous synonyms, cystic angiomatosis is the
most descriptive.

The condition may be recognised in childhood or adolescence in
the virtual absence of symptoms, other than mild bony swellings
or, occasionally, a pathological fracture. The diagnostic radiological
abnormalities may be discovered incidentally. Broadly, two groups
of patients are affected, those with and those without visceral and/or
cutaneous involvement. The former has multiple angiomatous
lesions in abdominal viscera, brain, muscle, lungs and lymph nodes,
and although these lesions are histologically innocent, death may be
caused from anaemia or bleeding. The prognosis in the latter group
is excellent.

Radiologically, multiple sharply defined radiolucent lesions sur-
rounded by a narrow sclerotic margin involve both cortex and
medulla (Fig. 40.31). An initial impression of myeloma may be

The radiological appearance is consequently that of a diffuse
increase in translucency with progressive absorption of the affected
structures. In the course of the process, deformity is likely to
develop and may he crippling. Although local recurrence is a major
hazard, slow progression is the rule.

Similar massive osteolysis may occur with tumorous masses of
l ymphatic origin (lymphangiomatosis). Histological differentiation
of the cavernous spaces that are found may be difficult and the radi-
ological features are virtually identical.

Primary malignant vascular tumours in bone are rare. None has

been observed to arise from a benign precursor.
Radiologically the lesions are purely lytic and rapidly fatal,

with metastatic spread to the lungs often being present at the time
the diagnosis is made. The destructive areas have irregular
endosteal margins with slight expansion or coarse loculation occa-
sionally giving a rather soap-bubble appearance. Distinction of

this lesion from a highly vascular (telangiectatic) osteosarcoma
may be very difficult. A clue may be derived from the sometimes

multifocal nature of angiosarcoma, occurring in about one-third of
cases.

Fig. 40.27 Cavernous hae-
mangioma of the soft tissues of
the forearm is diagnosed by the
presence of soft-tissue swelling
within which there are phle-
boliths. The presence of exten-
sive consolidated periosteal new
bone and bowing of the ulna
suggest an intimate relationship
with the periosteum.

This rare, highly differentiated, benign vascular tumour affects soft
tissues more than bone. It creates, however, pressure erosion, usually of
a terminal phalanx, particularly the subungual portion (Fig. 40.32). A

few lesions may originally arise in hone. Typically, an extremely
sharp margin is associated with a well-marked sclerotic rim.

Clinically the tumours are exquisitely tender and have many
episodes of stabbing pain, particularly with the rarer and less differ-
entiated haemangiopericytoma. Angiographically, the lesion is
richly vascular, and so may be detected on a blood-pool scan or on

the early phase of a bone scan. The classic triad of pain, tenderness
and sensitivity to cold usually establishes the correct clinical diag-
nosis with little difficulty.

given. The skull, flat bones and proximal ends of long bones are
affected particularly. Scintigraphically, activity may be increased
around the lesions. Angiography is usually normal, but in those
cases that have differentiated more closely along lymphatic lines a
connection with deep lymphatics may be demonstrated by lym-
phography.
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Fig. 40.28 Vertebral haemangioma was detected initially (A) on a whole-
body radionuclide bone scan in this middle-aged woman with carcinoma of
the breast. A marked increase in activity is present throughout the whole of
L3. (B) A radiograph demonstrates fine striation within an enlarged verte-
bral body. The pedicles, particularly that on the right, are enlarged. (C) CT
confirms multiple radiolucencies throughout the vertebral body. This
patient remained free of metastasis on annual follow-up for 5 years.

not be confused with those in coarctation of the aorta because they
vary both in size and in distribution, not principally affecting the
fourth to eighth ribs. All erosive lesions are rounded and clearly
defined with a discrete sclerotic margin. CT or MRI, however, may
be necessary to demonstrate that they have predominantly a soft
tissue origin.

On MR] neurofibromas have intermediate signal intensity on T,-
weighted images, and very high signal intensity on T,-weighted
i mages and following gadolinium enhancement. Sometimes areas
of lower signal intensity centrally may be seen due to the presence

The presence of a benign lesion within the spinal canal may be
evident from erosion of a pedicle or widening of an exit foramen

(Figs 40.33,' 40.34). The width of the interpedicular distance may
also be increased. A soft-tissue mass projecting through the
enlarged foramen is typical of the so-called dumb-bell tumour.
Discrete pressure erosions on the surface of bone may be observed
elsewhere in the skeleton (Fig. 40.35), but as these tumours are able
to grow away from bone they are usually not symptomatic.
Neurofibromas cause notches at the inferior surface of ribs but should



Fig. 40.29 Soft-tissue haemangioma of the great toe. This patient complained of a swollen great toe with a purple area of discoloration. (A) A plain film
reveals soft-tissue swelling and pressure erosion of the plantar aspect of the distal phalanx. (B) A blood-pool scan confirms an intense focus of activity
(arrow) corresponding to the cavernous haemangioma.

Fig. 40.30 Vanishing
bone disease. A 70-year-
old woman presented with
poorly localised pain in her
right hip. (A) A radiograph
at presentation reveals ill-
defined destruction at the
anterior inferior iliac spine.
(B) Nine months later
there is total destruction of
the whole of the
hemipelvis and hip joint.
Note the faint outline of
the residual femoral head
(curved arrow), pathologi-
cal fracture of the femoral
neck and the articular sur-
faces of the sacrum and
symphysis pubis which no
longer articulate with bone
(open arrows).

Neurofibromatosis is often noticed at birth or soon after. Typical

clinical manifestations are cafe-au-lait spots and multiple cutaneous
tumours. Larger soft-tissue masses or growth disparities may also

become apparent. These include scoliosis, pseudoarthrosis of long

hones (particularly the tibia) and hemihype rtrophy. Scoliosis,

usually of short segment distribution, often occurs in the thoracic

spine. In addition numerous abnormalities arise related to the neural

of collagen and fibrous tissue. Because of the predilection of

neurofibromas to arise in nerve roots, many appear in the lum-

bosacral area and are detected during the investigation of low hack

pain and sciatica (Figs 40.36, 40.37). MRI also allows easy recog-

nition of plexiform neurofibromas as they extend in a lobulated

i nfiltrating pattern along neural bundles.

Peripheral lesions may he assessed readily with ultrasound, again

the feature being a rounded or lobulated mass, usually echo poor,

arising in conjunction with a nerve.
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Fig. 40.32 Glomus tumour. Intermittent swelling of the index finger had
been present for many years and had, intermittently, been exquisitely
painful. A discrete soft-tissue mass caused pressure erosion on the radial
side of the terminal phalanx.

where radiologically they seem identical to non-ossifying fibromas
and fibrous cortical defects.

Fig. 40.31 Cystic angiomatosis of bone. Shortly before taking his univer-
sity entrance examination this young man complained of a vague discom-
fort in his right shoulder. Note multiple well-defined radiolucencies
i nvolving the acromion, coracoid, glenoid and upper humeral shaft. The
latter has a rather 'woodworm'-like appearance. Lesions were present else-
where in the skeleton but he had no soft-tissue abnormality.

Although fat represents one of the normal connective tissue elements

within bone, intraosseous lipomas are exceedingly rare. The few that
have been observed usually cause an oval lytic lesion within a long
bone of the lower limb or the calcaneum. In a long hone the appear-
ances may bear a distinct resemblance to non-ossifying fibroma. A
sharply defined discrete sclerotic margin is associated with hone
expansion and trabeculation. Periosteal new boric formation is not a
feature. Within the calcaneum an intraosseous lipoma has a character-
i stic appearance, presenting as an osteolytic lesion with a central focus
of ossification and sclerotic margins (Fig. 40.40). It invariably occurs
in the same location as a simple hone cyst within the triangular radi-

olucent zone between the major trahecular groups.
Parosteal lipomas, by contrast, present a much more characteristic

appearance with strands of ossification forming around the radiolu-

cent fatty lobules of this rare tumour (Fig. 40.41). They tend to be
very slow in growth and produce minor symptoms. Marked
periosteal new bone formation does occur, with an obvious, but

well-defined, soft-tissue mass.
A more aggressive nature, however, must be considered when

the soft-tissue element fails to contain fatty lucencies, possibly

canal, including generalised dilatation (dural ectasia) with scallop-
i ng of vertebral bodies (Fig. 40.37), internal meningoceles and dys-
raphic anomalies (see Ch. 54). Abnormal rib tubulation results in a
'ribbon-shaped' appearance. A particularly common abnormality is
defective ossification of the posterior superior wall of the orbit.
Pseudarthrosis of the tibia is characterised by marked absorption of
the fracture margins, so that they become pointed (Fig. 40.38).
Similar lesions may occur in the radius or clavicle. A number of
published reports suggest that malignant sarcomatous change is rel-
atively common, of the order of 5-12 1/ of affected patients. The
radiological appearances then become those of an infiltrating

diffuse destructive process.
Many extraskeletal manifestations of neurofibromatosis occur

because of the neuroectodermal and mesodermal derivation of the
tissue (Fig. 40.39). Gliomas of the optic nerves, phaeochromocy-
tomas, aneurysms of cerebral and renal arteries, and acoustic
neurilemmomas are well recognised. Similarly, the incidence of
fibrous tumour of bone is increased, particularly around the knee



Fig. 40.34 Neurofibroma demonstrated by coronal T 1 -weighted (A) and axial (B) MR images. A typical dumb-bell tumour is shown with large extra-
neural component. Note, however, there is extension into the exit foramen and other intrathecal abnormalities.

The characteristic radiolucencies of soft-tissue lipomas are

discussed in Chapter 45, and lipomas in the lumbar canal are con-

sidered in Chapter 54. Macrodystrophia lipomatosa i s a rare form

of localised gigantisnm of a hand or foot accompanied by an over-

growth of the associated mesenchymal elements, particularly fat.

i ndicating the presence of a parosteal liposarcoma. Intraosseous

liposarcoma has been described but is exceedingly rare and pro-

duces an ill-defined lytic area, usually in the femur or tibia, which
is extremely vascular. Rapid extension into the soft tissues, and

early pulmonary metastasis, is usual.

Fig. 40.33 Neurofibroma arising in the
exit foramen of the first sacral segment.
The patient presented with sciatic pain
and two views (A) from a water-soluble
radiculogram reveal amputation of the S1
nerve root sheath, displacement of the S1
and S2 roots and a large well-defined
rounded radiolucency with sclerotic
margins in the exit foramen. (B) Frontal
tomograms confirm a large bony defect
(arrow), compared with the normal right
foramen.
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Fig. 40.35 Neurofibroma arising in the obturator ring has caused consid-
erable pressure erosion of both right pubic rami, particularly the superior
one. The margins of the pressure defect are sharply defined.

Fig. 40.37 Neurofibromato-
sis. Pseudarthroses of the tibia
and fibula shown in an infant.
Bowing of bone and absence of
any evidence of bone repair are
typical.

bone tumour believed to arise from notochord cell rests. All are
l ocally malignant with a strong tendency to recur after attempted
excision. The lesions are slow growing and become apparent due to
pressure symptoms, with or without localised pain. The extreme
ends of the axial skeleton are mainly involved, approximately half
t he lesions arising in the sacrum and/or coccyx, the others in the
basioccipital and basisphenoid regions of the skull. A vertebral
origin is found only in 1 5%7% of patients. Adjacent vertebrae may he
i nvolved. A fatal outcome results front a local extension, metastatic
spread being unusual.

The usual clinical presentation is of a roan between 40 and 70.
the clinical symptoms and signs depending on the site of obstruction.
Constipation is often a feature of those arising iron the sacrum.

Radiological features
I n the sacral area the tumour typically arises in the midline and
i nvolves the fourth or fifth sacral vertebra (Fig. 40.42). The lesion is
purely lytic, relatively well defined, usually being oval or slightly

l obulatcd. It may contain areas of calcification. The sacral margins
may occasionally be sclerotic. The soil-tissue structures within the
pelvis are displaced anteriorly. Tumours arising at the basioccipital
or hypophyseal regions are accompanied by erosion and destruction
of the dorsum sella and clivus. Again, a lobulatcd or rounded area of
hone destruction is associated with a large soft-tissue mass displac-

The notochord extends, during embryological development, from
the coccyx to the buccopharyngeal membrane and is the precursor
of the vertebrae and intervertebral discs. Chordona is a destructive

Fig. 40.36 Multiple neurofibromas in the cauda equina. This middle-
aged patient was investigated for low back pain by radiculography. Two
large ovoid neurofibromas (arrows) are shown as filling defects within the
thecal sac at the L4/5 level.



Fig. 40.40 I ntraosseous lipoma within the calcaneum. Lateral (A) and axial (B) conventional radiograph showing an osteolytic lesion characteristically
located between the major trabecular groups of the bone. A thin sclerotic margin surrounds the lesion that contains an eccentric stellate calcified focus.
(C) Coronal CT of the hindfoot establishing the fat content of the lesion.

Fig. 40.38 Neurofibromatosis. ,4 lateral tomogram of the lumbar spine
demonstrates typical posterior scalloping, part of the general dysplasia of
the neural canal and its contents found in this condition.

in- nasopharynx anteriorly and sometimes containing amorphous
calcification. Here the differential diagnosis is from chondrosar-
coma, whereas in the sacrum the poss ty of plasmacytoma or a
giant cell tumour should be considered. These rare lesions usually follow a penetrating wound associated

with a crush fracture, when it is assumed that epithelial cells are

carried into the underlying bony structure. Typically, they arise in

Fig. 40.39 Neurofibromatosis. A coronal T,-weighted sequence of the
thighs demonstrates an obvious abnormality on the right. In addition to a
solitary neurofibroma displacing the femoral vessels (shown by a signal
void), there is clear mesenchymal dysplasia, with extensive abnormalities of
subcutaneous tissue and hemihypertrophy.
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Fig. 40.41 Parosteal lipoma. Two examples are shown of parosteal lipomas arising in middle-aged patients. Both presented with a painless, rather firm
mass, apparently attached to bone. (A) A large lesion arising on the lateral aspect of the femur. Note the strands of ossification surrounding the radiolucent
areas of fat. (B, C) A more discrete tumour arises from the interosseous membrane of the forearm. A fatty radiolucency is present, together with ossification
i n the soft tissues and some periosteal new bone formation.

Fig. 40.42 Chordoma
of the distal sacrum. (A) A
l ateral film demonstrates
a large soft-tissue mass
displacing bowel anteri-
orly. The anterior cortex
of the distal sacral ver-
tebrae is ill defined and
the coccyx is not seen.
(B) CT demonstrates the
typical well-defined soft-
tissue mass extending
anteriorly from the
sacrum. The anterior cor-
tex of the sacrum has
been destroyed. Chor-
domas usually exhibit an
apparent disproportion
between the size of
the soft-tissue mass and
the extent of the bony
i nvolvement.



Fig. 40.43 I mplantation dermoid cyst. A cystic lesion in the terminal
phalanx of the thumb was found in an elderly woman many years after a
penetrating injury. The sharp definition of its margins and the location of
the lesion are characteristic.

distal phalanges of adolescents or young adults, the left middle
finger being the single commonest site. The lesion grows slowly
over many years.

Radiologically a well-defined translucency results, with slight
expansion and sharply defined margins around which a minimal
sclerotic reaction may be visible (Fig. 40.43). Subungual fibromas
represent the only serious differential diagnostic possibility. A
glomus tumour is almost invariably extraosseous.

This is a relatively unusual synovial disease, commonly regarded as
a benign neoplasm, in which metaplastic cartilage formation occurs
throughout the synovium. Typically, young and middle-aged adults
are affected, with a male preponderance and an affinity for large
joints, in particular the knee, hip and elbow. Minimal pain, swelling
and limitation of movement are the usual presenting complaints.
Cartilaginous lesions develop throughout the synovium, later
becoming pedunculated and separating into the joint space. When
large enough they undergo ossification. This condition undoubtedly
progresses in phases, with episodes of synovitis and the shedding of
loose bodies (Fig. 40.44).

In the early stages the only abnormality which may be detected
on conventional radiographs is an apparent joint effusion. CT may
delineate this, when a slight increase in density may be observed.

Arthrography, however, demonstrates not only an irregular,
nodular synovium but also cartilaginous loose bodies. The unen-
hanced MRL appearances may be non-specific, particularly in the
absence of cartilage calcification, demonstrating only homogeneous
high-signal intensity on T,-weighted images, mimicking a joint
effusion. However, the mass and proliferative effects of the lesion
may be evident with erosion of bone, hyaline cartilage and normal
intra-articular structures, such as the pulvinar fat pad within the
acetabular fossa. Calcification and ossification of the cartilaginous

Fig. 40.44 Synovial chondromatosis. Hundreds of calcified lesions are
shown in relation to the synovium, all of them approximately the same size.
Nearly all were loose bodies at arthroscopy.

masses result in numerous oval or rounded opacities, often of similar
size, demonstrated on conventional radiographs (Fig. 40.45). Serial
examination may show these to be fairly constant in position.
Scintigraphy using a bone-seeking radiopharmaceutical often demon-
strates an appreciable increase in activity localised particularly in the

l arger masses, suggesting that active ossification and calcification are
occurring. Eventually extensive capsular distension may result in
marginal bony erosions occurring characteristically at the insertion
of joint capsule, with clearly defined margins. Synovial chondro-
matosis also occurs in tendon sheaths, usually in the hand, wrist or
foot, and bursae. Chondrosarcoma is an extremely rare complication.

The aetiology of this disorder of synovium is not known. It is gen-
erally regarded as a benign neoplasm. The disease may he mono-
articular or polyarticular, the latter being very rare. Adolescents and
young adults are affected, usually complaining of local pain and
swelling, occasionally with cystic masses related to a large joint,



Fig. 40.46 Pigmented villonodular synovitis of the hip. (A) The conven-
tional radiograph illustrates sharply defined radiolucent defects involving
the acetabulum and the femoral head and neck. (B) The sharply defined
nature of the lesions confirmed on tomography. Note the sclerotic
margins. This patient has relatively advanced disease and joint space nar-
rowing is present. (C) In another patient the well-defined radiolucencies
are confined to the acetabular side of the joint and the joint space is pre-
served or widened.

Fig. 40.45 Synovial chondromatosis of the knee. (A) Axial T 2 - weighted fat-suppressed image showing numerous low-signal-intensity filling defects
within the joint and thickened nodular synovium due to intrasynovial calcification. (B) In another patient a number of ossified masses of uniform size are
present in a popliteal cyst. Medial compartment osteoarthritis is evident.
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usually the knee or hip. Histologically the appearances show con-
siderable variation, with proliferation of villonodular masses of
synovial tissue associated with the deposition of haemosiderin, a
feature that may be detected by increased tissue attenuation on CT
and low-signal-intensity masses on MRI due to the paramagnetic
effect of haemosiderin.

Radiologically, synovial thickening is usually evident, par-
ticularly with soft-tissue exposures. Features which suggest the
diagnosis are sharply defined para-articular erosions with sclerotic
margins, particularly if these lesions are present on both sides of the
affected joint (Figs 40.46, 40.47). As in gout, integrity of the articu-
lar surfaces and preservation of the width of the joint space are
maintained until relatively late in the disease. Disuse osteoporosis is
not an initial feature. Calcification within the synovial mass is
exceedingly rare, unlike malignant synovioma. Arthrographically
the thickening of the synovium is confirmed, usually being diffuse
i n larger joints, such as the knee, whereas in small joints, particularly
metacarpophalangeal joints, the thickening is nodular (Fig. 40.48).

Characteristic appearances on MRI are often seen with a diffuse
heterogeneous signal intensity mass, traversed by low-signal-inten-
sity septa, containing clumps of tissue with variable signal intensity.
The exact appearances will depend on the relative proportions of fat,
haemosiderin, fibrous stroma, synovitis and cellular elements making
up the lesion (Fig. 40.49). Pigmented villonodular synovitis is one of
a group of disorders to produce low-signal masses in synovium on all
pulse sequences. The other causes include chronic bleeding disorders
(e.g. haemophilia, see Ch. 41), synovial chondromatosis and amyloid

(see below). Bone erosions are also well demonstrated. The syn-
ovium of tendon sheaths and bursae may also be affected by this
disease (also called giant-cell tumour of tendon sheath) (Fig. 40.50).

This condition occurs most commonly in the knee and is charac-
terised by a m, ;s of numerous fat-laden synovial villous projections

Fig. 40.48 Pigmented villonodular synovitis of the index finger meta-
carpophalangeal joint. (A) An arthrogram confirms an enlarged joint space
and thickened nodular synovium. In another patient the corresponding MR
features are shown on coronal T 1 - weighted contrast-enchanted (B) and
T2 -weighted fat-suppressed (C) images.

Fig. 40.47 Pigmented villonodular synovitis of the hip. Coronal
T1 -weighted (A) and STIR (B) sequences demonstrate a lobulated synovial
mass on the right with modestly high signal on the STIR sequence, though
l ess so than the joint effusion associated with it. Note the replacement of
the pulvina on the T i - weighted sequence by tumour.



Fig. 40.50 (A,B) Pigmented villonodular synovitis of the flexor tendon
sheath of the middle finger. A sharply circumscribed soft-tissue mass has
caused slight pressure erosion of the middle phalanx.

Radiologically the conventional radiographic findings may

mimic pigmented villonodular synovitis with well-defined pressure-
like erosions, often with sclerotic margins, involving both sides of
the joint (Fig. 40.52). On MRI a characteristic appearance is
demonstrated with bony erosions and synovial masses exhibiting a
predominately low signal intensity on both T,- and T 2 -weighted
i mages (Fig. 40.53).

This is a highly malignant tumour growing rapidly with early
metastases to lymph nodes, unlike most other musculoskeletal
tumours. Young adults are most commonly affected, the mean age
being 35. The lesion arises in soft tissue adjacent to, but probably
not from, synovial structures of joints, tendon sheaths and bursae.
The tumour is so called, as the two predominant cell lines are remi-
niscent histologically of synovium. Seventy per cent of cases
i nvolve the lower extremnities, particularly around the knee.
Clinically, a soft-tissue mass or ill-defined swelling associated with

local pain, is present in nearly three-quarters of patients.

Radiologically, a soft-tissue mass is shown associated with a joint.
about onepatient in five demonstrating calcification of an amorphous
nature (Fig. 40.54). Ossification does not occur, unlike the later stages
of synovial chondromatosis. About 10% of cases are associated with
bone involvement, shown radiologically by irregular hone destruction.
particularly at capsular attachments (Fig. 40.55).

This tumour may occasionally arise in the synovial lining of tendon
sheaths, producing a similar soft-tissue mass. Secondary involvement
of adjacent bone has been observed, particularly in the feet.

Fig. 40.49 Pigmented villonodular synovitis of the knee joint. Axial
T,-weighted (A) and T 2 - weighted fat-suppressed (B) MR images through
the patella and suprapatellar recess showing a heterogeneous mass within
the joint made up of fat, haemosiderin, fibrous tissue and cellular elements.

(lipomatosis of the synovium). On conventional radiographs the
radiolucent arborising fatty projections may be evident as a soft-
tissue mass originating from the joint. The lesion can be elegantly
demonstrated on MRI which will confirm the fatty nature of the
tumour (Fig. 40.5 I ).

This is a relatively recently recognised complication of long-term
haemodialysis. It is due to the deposition of a unique form of
amyloid derived from circulating Beta-2 microglobulin. The condi-
tion is characterised by painful stiff joints, usually first involving
the shoulders and less often the hands, wrists and other large joints.
The carpal tunnel syndrome is a common presentation. The disease This is a relatively uncommon lesion. representing ganglion mater-

i s seldom seen before 5 years of treatment. i al within a long tubular hone, the origin of which is unclear. Direct
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Fig. 40.52 Dialysis-related amyloidosis of the hip resulting in pressure-
li ke erosions of the femoral neck. Note the coarsened quality of the trabec-
ular bone due to secondary hyperparathyroidism.

they most usually accompany rheumatoid disease, particularly with
secondary degenerative change and osteoarthritis. The knee and hip
are classic sites; the latter may present with a pathological fracture.
The historical and radiological features of a pre-existing arthropa-
thy should assist the diagnosis, together with the discrete sclerotic
margins and close relationship with a joint (Fig. 40.58).

This entirely benign lesion is unlikely to be a true neoplasm, but is
considered here because its diagnosis depends largely on radiological
findings which can resemble those of known neoplastic conditions,
and because of its predilection to recur after treatment.

Solitary bone cysts are always unilocular. The site of origin
depends on the patient's age: before epiphyseal fusion the majority
occur in the proximal humeri and femora (Figs 40.59, 40.60) with
the former being the most usual site. Following skeletal maturation
some lesions occur in such bones as the calcaneum (Fig. 40.61).
Solitary bone cysts arc commoner in males and develop during

skeletal growth. Childhood and early adolescence is therefore the
usual time for them to be discovered. More than half present due to
a pathological fracture, a few may produce minor discomfort,
others are found incidentally.

During the stage of skeletal development the lesion lies close to
the metaphysis and is often situated in the midline, extending across

the whole shaft. With further skeletal growth, normal bone develops
between the cyst and metaphysis so that the lesion is seen to be
carried toward the diaphysis. Hence, those that develop early even-
tually lie in the middle of the shaft of a hone. The cyst contains
clear liquid unless there has been contamination by bleeding follow-
i ng a fracture. It is lined by a thin layer of connective tissue.

Fig. 40.51 Lipoma arborescens of the knee joint. Axial T 1 -weighted (A) and
T2 -weighted (B) fat-suppressed MR images through the suprapatellar recess
showing numerous fatty fronds of synovium and a large joint effusion. Note
how the high signal intensity villous projections on the T,-weighted image are
suppressed on the T2 - weighted fat-suppressed sequence.

communication with a joint is demonstrated rarely. It may be shown
occasionally to extend from an extraosseous lesion. Patients are
between 30 and 60 years of age and two-thirds complain of local joint
pain, often related to exercise. Most commonly the lesion occurs
around the knee or ankle; hips and carpus are also common sites.

Radiologically, an oval or circular eccentric osteolytic lesion is
shown, which is often expansile, with a thin sclerotic rim. These
may appear multilocular, varying between I and 5 cm in size
(Figs 40.56, 40.57).

Although not neoplasms, these space-occupying lesions may occa-
sionally cause confusion. Described in detail elsewhere (see Ch. 38),



Fig. 40.54 Synovioma. A large soft-tissue mass is present posterior to the
distal femur within which there is some amorphous eccentrically located
calcification.

Radiologically, an area of translucency centrally in the mctadia-
physis is characteristic. The overlying cortex is often thinned and
slightly expanded with no periosteal reaction unless a fracture has
occurred. The lesion may develop in relation to an apophysis, par-
ticularly the greater trochanter of the femur. In the earlier stages of
growth, metaphyseal cysts tend to have a continuous rounded,
sharply defined margin on the metaphyseal side but perhaps slightly

l ess demarcation on the diaphyseal side. Sclerotic reaction is
usually present around the margin but may be discrete. A serpigi-
nous margin may cause the cyst to appear multilocular. As normal

Fig. 40.53 Dialysis-related amyloidosis of the knee. Axial T 1 - weighted (A), sagittal proton density (B) and T 2 - weighted (C) MR images showing numerous
erosions of the margin of the tibia and characteristic low-signal-intensity masses within the synovium, most evident posteriorly within the popliteal cyst. A
l arge joint effusion is also present.
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Fig. 40.56 I ntraosseous ganglion of the proximal fibula shown at a
typical location. A slightly expansile lytic lesion is evident with endosteal
thinning of the cortex and a well-defined margin.

bone grows in the metaphysis, subsequent examination demon-
strates the apparent migration of the lesion along the shaft of the
affected bone, with an increasing sclerotic reaction around its
margins. On bone scanning no abnormality develops in the blood-
pool phase, in contrast to aneurysmal hone cysts. The delayed
i mage demonstrates increased activity only around the margins of
the lesion, unlike fibrous dysplasia (Fig. 40.62). The only serious
differential diagnostic possibility is a chondroma, but no
calcification occurs in a simple bone cyst unless callus has formed
from a fracture. MRI is seldom required to assist in the diagnosis.
However, distinction between pure chondroid matrix and cyst fluid
may be difficult.

The prognosis depends partly on the patient's age. Before the age
of 10 recurrences are frequent, whereas after that age primary
healing usually occurs even after fractures. Because of the risk of
pathological fracture the majority of patients are treated by curettage

and packing with bone chips. Some lesions have been reported to
regress satisfactorily after injection with steroids.

Fig. 40.57 I ntraosseous ganglion. An oval, eccentric, osteolytic lesion
arises from the medial malleolus with a thin sclerotic margin.

Fig. 40.58 Subarticular geodes. (A) An elderly female with rheumatoid arthritis and secondary degenerative arthritis has a typical, large geode immedi-
ately beneath the articular surface of the tibia. (B) A younger male with rheumatoid disease has an oval, well-defined defect in the upper femoral neck. This
too has a sclerotic margin. (C) Aspiration of the defect yielded synovial fluid and injection of contrast medium confirmed communication between the sub-
articular geode and the joint cavity.



A group of highly malignant tumours involving bone is charac-
terised histologically by numerous small round cells. Within this
group are included Ewing's sarcoma, metastatic neuroblastoma,
non-Hodgkin's lymphoma and undifferentiated tumours.

Pathological distinction may be extremely difficult, even with the
benefit of electron microscopy and histochemical techniques.
While it is clear that these entities show considerable overlap,
Ewing's sarcoma is sufficiently distinctive to require definitive
description.

Clinically, pain of several weeks' or months' duration is accom-

panied by localised tender swelling. The majority of patients are
between 5 and 30 years of age. This rapidly progressive malignant
tumour is characterised by pyrexia, anaemia and a raised ESR.
These clinical symptoms and signs may closely simulate
osteomyelitis but occur also in non-Hodgkin's lymphoma. It should
be emphasised that the child with a Ewing's tumour is ill, in con-

trast to those with such benign lesions as eosinophilic granuloma that
may cause similar radiological appearances.

Histologically the malignant round cells typically contain glyco-
gen granules. The lesion is most often found in a long bone, the diaph-
ysis being more commonly affected than a metaphysis. In about
40% of cases, however, the axial skeleton is involved, particularly

the pelvis and ribs. Metastatic spread occurs early to lungs and to
other bones where the radiological and histological findings are vir-
tually identical. The time delay between the discovery of the
primary lesion and the development of secondary deposits suggest

Fig. 40.60 Solitary bone of the cyst proximal humerus. (A) This child
presented with a pathological fracture through this long centrally located
lytic lesion. Endosteal thinning and slight expansion is evident. There is no
periosteal reaction and the distal extent of the lesion is well defined. Some
'fallen fragments' are present near to the fracture site. Coronal
T 1 - weighted (B), T2- weighted (C) and T 1 -weighted (D) contrast-enhanced
fat-suppressed images. The extent of the lesion is well shown and is
confined to the medullary canal of the humerus. Only the margins enhance
consistent with a fluid-containing lesion. Some adjacent soft-tissue
enhancement results from the fracture.

that this tumour does indeed originate in bone, unlike some other

malignant round cell tumours.
Radiologically the appearances are inconclusive. The lesion is

essentially destructive, ill defined and principally involves the
medullary cavity. Cortical erosions and overlying periosteal reactions
occur early; indeed a periosteal reaction may be the only sign of
abnormality (Figs 40.63, 40.64). Although the onion-peel lamellar

Fig. 40.59 Solitary bone cyst of the proximal femur showing expansion
and thinning of the cortex, clearly defined endosteal margins but no
calcification or periosteal new bone formation.
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Fig. 40.61 Solitary bone cyst arising in a typical site in
the os calcis. The margins in this bone tend to be less
well defined.

Fig. 40.62 Solitary bone cyst of the distal femur. The lesion is rather atypi-
cal (A), and plain film diagnosis is not easy. However, it illustrates how further
i nvestigations can help in differential diagnosis. A bone scan in the blood-
pool phase (B) and in the delayed phase (C) shows increased activity around
the margin of the lesion corresponding to sclerosis on plain film. (D) A CT
scan demonstrates a soft-tissue density expansile lesion with no calcification.
The differential diagnosis includes aneurysmal bone cyst, fibrous dysplasia
( monostotic) and a chondroma. Aneurysmal bone cyst is vascular in the
blood-pool phase of a bone scan, fibrous dysplasia markedly so on the
delayed scan. Calcification may be expected on CT in a chondroma.



Fig. 40.65 Ewing's sarcoma arising primarily in the soft tissues of the
thigh. A well-marked erosion ('saucerisation') defect has been caused with
periosteal new bone formation.

type of periosteal reaction is classically associated with this lesion,

it is observed only infrequently. Onion-peel periosteal reaction occurs

in many other lesions, including osteosarcoma and infection.
Elevation of periosteal new bone at the margins of cortical erosions

Fig. 40.64 Ewing's sarcoma. This tumour is much more advanced, with a
well-defined soft-tissue mass, Codman's triangles, ossification and
calcification in the soft tissues and ill-defined bony destruction. The radio-
logical distinction from osteosarcoma is difficult.

Fig. 40.63 Ewing's sarcoma. The only
abnormal sign here is of lamellar periosteal
new bone arising from the superior pubic
ramus on the right.
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Fig. 40.66 Ewing's sarcoma of bone arising in the proximal fibula of an 8
year old. (A) An advanced tumour is shown on plain films, with Codman's
triangles, a soft-tissue mass and ill-defined bone destruction. (B) The sub-
traction print of a femoral arteriogram demonstrates a very abnormal circu-
l ation with a large soft-tissue mass. (C) A bone scan, in the delayed phase,
demonstrates increased activity where new bone formation is present on
plain films. The lesion itself is photon deficient. Osteosarcoma may present
si milar appearances.



Fig. 40.67 Ewing's sarcoma of a lower rib. The conventional radiograph
(A) shows a long moth-eaten lesion of the eleventh right rib which demon-
strates prominent increased scintigraphic activity on the posterior bone scan
(B). The extent of the associated soft-tissue mass, however, is best demon-
strated on the CT (C) of the upper abdomen (dynamic enhanced scan).

Fig. 40.68 Ewing's sarcoma of the anterior aspect of the right second
rib. (A) On the conventional radiograph the appearances simulate an intra-
pulmonary lesion. (B) CT section showing destruction of the second rib and
associated soft-tissue mass. (C) On the axial T 1 - weighted image the soft-
tissue component of the lesion has an intermediate signal intensity, and
with the STIR sequence (D) an extremely high signal intensity.
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(Codman's triangles) may emphasise the shallow cortical erosions;
known as 'saucerisation' defects, they offer a highly suspicious
diagnostic feature (Fig. 40.65). The tumour is highly vascular and
grows rapidly.

Angiographically, the extensive soft-tissue component and
abnormal circulation is obvious (Fig. 40.66). The blood-pool phase
of a bone scan also demonstrates increased vascularity, but, in the
delayed phase, an increase in activity is evident only at the margins
of the tumour within hone and in periosteal new hone.

CT or MRI will optimally delineate the osseous and soft-tissue
extent 01' the tumour, which is often much greater than may be

appreciated on conventional radiographs (Figs 40.67, 40.68). A
whole-body radionuclide bone scan is also of value in detecting
recurrences and metastasis. The differential diagnosis may be
difficult. Osteosarcoma may present almost identical radiological
features, and non-malignant conditions such as histiocytosis and
aggressive osteomyelitis (particularly from Staphylococcus) require
consideration.
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type of haemoglobin that they contain. The clinical picture is that of
any chronic anaemia. Dyspnoea, pallor, fatigue and weakness are
often accompanied by jaundice due to erythrocyte destruction. If
extramedullary hacmatopoiesis occurs, the liver and spleen may be
enlarged, particularly the latter, especially when the anacinia is pro-
found. Cardiac enlargement and failure may occur, and many of the
more severely affected patients die before puberty.

Radiological changes in the skeleton resulting from marrow hyper-

plasia, vary greatly with disease severity. In children, the changes
arc widespread and are usually demonstrated most easily in the
extremities and the skull. To some degree, marrow hyperplasia
causes destruction of many of the medullary trabeculae. This is
followed by thinning and expansion and even perforation of the
overlying cortex. In many patients this hyperplasia achieves its
compensatory object, so that a state of erythrocytic balance is
reached. The areas of bone destruction show features of repair, by
formation of fibrous tissue and the development of reactive hone
sclerosis. The latter thickens the remaining trabeculae and, in some,
the endosteal aspect of the cortex, to produce an overall increase in

bone density. As age advances, the peripheral bones, now in a state
of balance, tend to revert to a normal appearance, but some residual
i ncrease in density may remain. Evidence of continued crythro-
poiesis to a greater degree than normal is then confined to the
physiological red marrow areas.

Extramedullary haematopoiesis, in addition to producing evi-
dence of hepatosplenomegaly, may be revealed by the presence of
sharply defined paravertebral soft-tissue masses of haematopoietic
tissue, especially around the thoracic spine (Fig. 41.1).

1321

Chronic haemolytic anaemias
These anaemias, in which red blood cells suffer extensive destruc-
tion, arc followed in many instances by such a degree of marrow
hyperplasia that striking skeletal abnormalities result. The great Described by Cooley in 1927, this condition, known also as

majority of these diseases are congenital and hereditary in origin. Mediterranean anaemia, is by no means confined to Mediterranean

The red blood cells are abnormal in shape, in fragility and in the countries or races. The geographical distribution of this condition

In the infant, red marrow extends throughout the medullary cavities
of the whole skeleton with the exception of the epiphyses and
apophyses. During the first few months of life, red blood cells are
also produced by the spleen and liver, this function being described
as extramedullary crythropoiesis. As the physiological requirement
for erythrocyte production diminishes progressively during the
years of growth, a cessation of this function occurs in the liver and
spleen and later by regression of the red marrow areas in the periph-
eral skeleton. By the age of 20 years, red marrow is normally
confined to the proximal ends of the femora and humeri and to the
axial skeleton. Residual areas of fatty non-haematopoietic marrow
in the appendicular skeleton, as well as the liver and spleen, may be
reactivated should the need arise. Such a response occurs normally
after a severe haemorrhage. These episodes are insufficiently pro-
l onged to cause conventional radiographic changes although this
reconversion from fatty to red marrow is readily identified on MRI.

This important group of disorders is responsible for some of the
most bizarre radiological abnormalities encountered in the skeleton
and may be subdivided conveniently into diseases affecting:

1. Red blood cells
2. White blood cells
3. Lymphoreticular system
4. Coagulation mechanism.



Fig. 41.2 Thalassaemia (boy aged 7). Gross marrow hyperplasia has
expanded and thinned overlying cortical bone. Medullary trabeculae have
been destroyed and the residual ones are coarsened. Inset-early changes
of the same type in a finger of a child aged 4.

Fig. 41.3 Thalassaemia (boy aged 15). A chest film shows gross expan-
sion of bone structures due to marrow hyperplasia. Note particularly
i nvolvement of the ribs and scapulae.

The disease is due to abnormalities of the haemoglobin molecule,

of which many have been established. Homozygous subjects, who

have inherited the trail from both parents, develop the more severe

form of the disease, known clinically as thalassaemia major,

whereas heterozygous subjects develop a minor form. Both may

vary greatly in severity, so that the distinction between them and

other haematological variants is of relatively little radiological

i mportance. Severe forms usually become manifest in the first two

years of life. Although the majority of these patients die before

puberty, some survive to early adult life. Those with less severe

disease live correspondingly longer and minimal manifestations

may he found only by examination of the blood of individuals who

otherwise appear entirely normal. The important clinical features,

i n addition to those of other anaemias, are dwarfing. delay in devel-

opment of secondary sexual characteristics, and either 'mongoloid'

extends eastward in a broad hand through Asia and West Africa. In

such areas it is commonplace. It may he encountered anywhere in

the world in individuals having a heredity originating from these

areas.

Fig. 41.1 Thalassaemia.
(A) Lobulated soft-tissue
masses due to extramedullary
haematopoiesis are present
adjacent to the thoracic spine.
(B) In another patient, par-
avertebral extramedullary hae-
matopoietic tissue is shown in
the lower sections of a CT
examination of the thorax.
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This chronic haemolytic anaemia is congenital and hereditary in
origin. The erythrocytes, when hypoxic, become abnormal in shape,
being unusually long and slender. The abnormal haemoglobin that
they contain has a reduced oxygen-carrying capacity. The disease
occurs almost exclusively in black-skinned races, especially those
i n Central Africa or their descendants, who are homozygous for the
sickling trait. This trait may be crossed with normal or abnormal
haemoglobins, including thalassaemia. In these crossed types, the
patient is less severely affected, both clinically and radiologically.
Differentiation of the true homozygous state from the variants (of
which combination with haemoglobin C is the most common) is of
some importance. The former group rarely survives after the age of
30, whereas the latter may have a normal lifespan. The former is
characterised clinically by early onset of the severe anaemic
picture, with frequent skeletal and abdominal crises. These acutely
painful episodes, lasting for several days, are due essentially to
i nfarction, attributed to vascular blockage by collections of erythro-
cytes which have undergone sickling in areas of capillary stasis
with resultant hypoxia.

Infarcts may affect many systems. The fundamental skeletal

abnormalities consist of hyperplasia of marrow with superimposi-
tion of areas of bone necrosis due to infarction and subsequent

growth disparities. A further clinical complication is the develop-

or 'rodent' facies clue to expansion of the underlying facial bones
because of erythroblastic hypertrophy.

Hyperplasia of the marrow destroys many of the medullary tra-
beculae and expands and thins the overlying cortex. In children this
is evident especially in the hands, when the shafts of the phalanges
and metacarpals become biconvex instead of being biconcave
(Fig. 41.2). The feet are affected in the same way. Similar abnormal-
ities in the ribs (Fig. 41.3) and long hones (Fig. 41.4) may produce
apparent failure of modelling with, for example, flask-shaped
femora (Fig. 41.5). In the skull the diploic space is widened and
gross thinning of the outer table may be followed by marked diploic
thickening, starting in the frontal region, but usually exempting the
occipital bone in which the marrow content is minimal (Fig. 41.6).
The 'classical' appearance of the 'hairbrush' spicules is relatively
uncommon. These changes appear considerably later than those in
the short bones of the extremities. Development of the air spaces of
the skull, especially the maxillary antra and the mastoids, is
i mpaired because of hyperplasia of the marrow, accounting for the
clinical manifestation of `rodent' facies, with malocclusion. The
spine shows only diffuse demineralisation with the same generalised
coarsened trabecular pattern as that observed in the appendicular
skeleton. Vertebral collapse is uncommon.

Osseous abnormalities of this type may be observed also in a
number of lesser forms of thalassaemia and its variants, including
those associated with other abnormal haemoglobins and the sickle
cell trait. In all these conditions, however, the changes tend to be
very much less

prominent
than in thalassaemia major.

Fig. 41.6 Thalassaemia. Thickening of the outer table of the skull in the
frontal area with perpendicular striation-'hairbrush sign'.

ment of infection within these infarcts, particularly in lesions
developing in the long bones of children.

Radiological changes
The chronic haemolytic state is reflected by the development of
characteristic and diagnostic radiological abnormalities, affecting
primarily the erythropoietic skeleton, and also the soft tissues

i nvolved by extramedullary haematopoicsis. The frequency with

Fig. 41.4 Thalassaemia. Consider- Fig. 41.5 Thalassaemia. Consider-
able bone expansion, cortical thin- able marrow expansion has produced
ning and simplification of trabecular a flask shape of the distal femur. The
pattern are demonstrated in the coarsened trabecular pattern and cor-
forearm of a boy of 15. tical thinning are obvious.



Fig. 41.7 Sickle cell disease. Infarction in the proximal femoral metaph-
ysic has produced a large defect with avascular necrosis of the femoral
head. These features are similar to those of Perthe's disease.

which abnormalities are discovered increases with age. All variants
of sickle cell disease produce essentially similar radiological
abnormalities.

1. Marrow hvperplasia is fundamental. In this disease, however,
the effects on the skeleton, which are so prominent in thalassaemia
major, occur in modified form, even in its worst clinical manifesta-

tions being less severe. A generalised osteoporotic appearance is
evident throughout the haematopoictic areas of the skeleton, but
even in infants and children it is recognised more easily in the axial

than in the peripheral skeleton. This feature is not diagnostic, but in
a black-skinned child should arouse suspicion. Unlike severe tha-
lassaemia, significant modelling abnormalities are uncommon so

that the air spaces of the paranasal sinuses are rarely affected. The
diploic space of the skull may be widened, with consequent
bossing. If a state of erythrocytic balance is achieved, diffuse tra-
becular thickening is likely to develop.

Such an appearance may be shown incidentally in an asympto-
matic adult sickle cell trait carrier. In more advanced cases, a coarse
medullary pattern is associated with enlarged vascular channels in
bone, especially in proximal or middle phalanges.

2. Endosteal apposition of bone. Inward cortical thickening is
separated occasionally by a thin zone of translucency, to result in
the appearance in the long bones of `a bone within a bone'. This
sign may be observed in other conditions, including Gaucher's
disease (see below). The medullary cavities, in severe cases, may
ultimately be grossly narrowed and almost obliterated, so that a
diffuse and generalised increase in hone density results. This does
not occur in the axial skeleton, which is a persistent red marrow
area, and this provides an important diagnostic feature even in the
absence of other signs.

3. Infarction of hone provides the diagnostic hallmark of this
disease. Infarction of various tissues is considered the cause of the
classic clinical episodes of sickle cell crises. Unlike thalassaemia,
in which infarction is virtually unknown, this type of involvement
of the skeleton is common. The consequent radiological abnormali-
ties are comparable to those observed in other systemic disorders
such as dysbaric osteonecrosis (caisson disease) and Gaucher's
disease. Such infarcts are usually multiple and most commonly
affect the femoral and humeral heads (Fig. 41.7), and, in particular,
medullary bone. Medullary infarcts may be of two varieties, with
either sharply defined margins or producing diffuse sclerosis. In
their mildest form they may be recognised in an asymptomatic
patient. The classic `snowcap' sign refers to the subarticular area of
increased density, particularly in a humeral head, which reflects
the revascularisation of an area of bone that has been necrotic
(Fig. 41.8). At this phase of development bone scans are usually
abnormal with increased activity. Nevertheless, in acute infarction a
photon deficiency is often present within 24 hours of the insult
(Fig. 41.9). Repairing hone is brittle, however, and fractures easily-
varying from 'osteochondritis dissecans' to complete collapse.

Femoral heads affected in childhood present an appearance
exactly comparable to Perthe's disease (Fig. 41.7). In young black-
children the areas of predilection for infarctions are the small tubular
bones of the hands and feet (Figs 41.10, 41.11), causing destructive
changes accompanied by massive and painful soft-tissue swellings
and periosteal reactions which may he florid and reflect associated
i nfarction of cortical hone (sickle cell dactylitis or 'hand-foot' syn-
drome). These findings may indicate the correct diagnosis, but other
causes of infantile periosteal reactions such as cortical hyperostosis

of the infantile or traumatic types, tuberculous dactylitis, or possibly
hypervitaminosis A, may require consideration. The formation of
perpendicular bony spicules on the skull, uncommon even in thalas-
saemia, is distinctly unusual. More important is the possibility of
superadded infection, which is discussed below.

Infarcts of vertebral bodies are another characteristic radiological

stigma. Generalised depressions of the central portions of the verte-
bral end-plates are common, and may be demonstrated in an
asymptomatic patient. The depressions are often concave and

rounded, initially simulating an ordinary nucleus pulposus impres-
sion on a bone that is already porotic. Infarction may be diagnosed
when the centre of the depression is flat and the sides slope
obliquely, producing characteristic H-shaped vertebrae (Fig. 41.12).

The diaphyses of the long bones, especially in the older child and
the adolescent, are sites of predilection for infarction. Typically they

i nvolve the zones between the mid diaphysis and the metaphysis,
the so-called `intermediate fifths'. When the metaphysis is involved

significant deformity may occur due to growth arrest. Central rneta-

phvseal defects and lucencies are typical. These in turn may produce
fragmentation and deformity of the epiphyses. They may also be the
sites of pathological fractures. Infarcts may be massive, causing

hone destruction, sequestration, reactive sclerosis and even the for-
mation of involucrum. The pattern may suggest acute pyogenic
osteomyelitis.

4. Superadded infection. The areas of bone necrosis caused by
infarction are especially susceptible to infection, classically by sal-
monella organisms of the paratyphoid B group. Differentiation
between the pure infarct and those that have been infected in this
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Fig. 41.8 Sickle cell disease. Endosteal bone deposition has resulted in

diffuse sclerosis beneath the articular surface (the 'snow-cap' sign) due to
medullary infarction. Note the lack of distinction between cortical and
medullary bone in the upper humeral shaft, again due to endosteal deposi- Fig. 41.10 Sickle cell disease. Soft-tissue swelling surrounds an expanded

tion of bone. proximal phalanx. Medullary expansion is present with simplification of tra-
becular pattern and penetration of the cortex. The distinction between
these changes and osteomyelitis is extremely difficult.

way may he extremely difficult (Fig. 41.13) both radiologically and
pathologically, since cultures are often sterile. Such lesions are
liable to occur especially in the tubular hones of the hands and
feet in infants and in the long bones and the spine of older children
( Fig. 41.12). In the adult, septic arthritis may be superimposed on an
adjacent infarct. With appropriate treatment, either by cotTServative
antibiotic therapy or by active surgical measures, including
sequcstrectomy, healing usually takes place with remarkable
rapidity.

5. Soft-tissue involvement may be seen as in other chronic
haemolytic anaemias and such disorders of the marrow as
Gaucher's disease. These may consist of heterotopic masses of
haematopoietic tissue in the dorsal paravertebral areas as well as
hepatosplenomegaly. Heterotopic masses of haematopoietic tissue
may develop in the dorsal paravertebral areas Release of iron pig-
ments by accelerated destruction of erythrocytes may hasten the
formation of biliary calculi.

Fig. 41.9 Sickle cell disease. A bone scan performed 16 hours after the

onset of severe pain in a boy with known sickle cell disease. Acute infarction
of L2 has resulted in a relative photon deficiency in this area. Previous
i nfarctions, in varying phases of evolution, are shown as areas of increased
activity (see particularly Ll and midthoracic vertebrae).

Haemolytic anaemia occurring in the fetus and newborn results
from immunological incompatibility between the blood of the
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Fig. 41.11 Sickle cell disease,
i nfarction in childhood. (A) At presen-
tation, periosteal new bone formation
surrounds the diaphysis of the fourth
finger metacarpal. (B) Ten months
l ater resolution has occurred and
growth has proceeded normally. The
distinction between infarction and
i nfection may be very difficult. In this
case no specific treatment was given.

The Rh-positive erythrocytes of the fetus, crossing the placental
harrier in a mother without Rh antigen, stimulate maternal formation
of anti-Rh antibodies that traverse the placenta to enter the fetal circu-
l ation, there to haemolyse the fetal red blood cells. The danger of
i nfants being affected by this incompatibility increases with the
number of conceptions. but early recognition of the disorder and the
adoption of prophylactic measures has greatly reduced its incidence.

The only skeletal abnormality is the development of transverse
metaphyseal translucencies in the long bones. These translucencies

are non-specific, as they may occur also with other severe maternal
illnesses during pregnancy and in congenital syphilis. With success-
ful treatment the translucent areas ossify with residual growth lines.
In the spine, such growth lines often cause 'ghost shadows' within
the vertebral bodies. Fetal hydrops may be diagnosed sonographi-
cally (see Ch. 33) by the detection of growth retardation, effusions
and subcutaneous oedema. The fetus is displaced by enlargement of
the placenta.

The anaemia of infants suffering from iron deficiency may produce
radiological changes in the skull due to marrow hyperplasia similar
to those of the less severe congenital anaemias. An inadequate diet

i s the usual cause, but malabsorption or abnormal loss of iron may
he important factors. The widening of the diploic space and the sub-
sequent bossing of the skull vault are again characteristic, but the
disease has never been reported to cause changes sufficiently severe
t o involve the long bones and facial hones.

This is an inherited defect in which the red blood cells are of an
abnormal round shape. The anaemia which results may produce
mild changes comparable to the other congenital anaemias. Removal
of the spleen permits the bone structures to revert to a normal
appearance.

Fig. 41.12 Sickle cell disease. Flat depressions within the vertebral bodies
with sloping sides typify metaphyseal infarct ('the vertebral step sign' or
H-shaped vertebra). Frank destruction of the vertebral body with narrowing
of the contiguous disc spaces is due to associated salmonella osteomyelitis.

mother and the fetus, most commonly due to Rh factor, although
other haematological errors of this type are known. The severity of
the affection of the infant may vary widely, from a mild anaemia to
i cterus neonatorum and fetal hydrops.
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Polycythaemia
This condition is due to overproduction of red cells. Although occa-
sionally responsible for hone infarction, it produces no characteris-
tic radiological changes in the skeleton. Transition to myeloid
metaplasia is common. Pulmonary abnormalities in polycythaemia
may occur in the form of increased reticulation or fine mottling.

Children are most commonly affected, almost invariably by an

acute form. In adults the disease may also be acute, but it is more
commonly chronic. Haematopoietic tissue is widely distributed
throughout the skeleton of a child but is confined in the adult to the
` red marrow' areas of the axial skeleton and the proximal ends of
the humeri and femora. Thus, radiological changes in the bones are
commonly in the younger age groups. More than half the children
affected show skeletal abnormalities, while in adults these are
found in fewer than 10% of cases. While the diagnosis is usually
confirmed by examination of the blood and sternal marrow. hone
changes may precede the development of a grossly pathological

blood picture, especially in the so-called aleukemic type.
Differentiation between myeloid and lymphatic types of leukaemia

cannot he made by radiological examination.

1. Metaphyseal translucencies. In children the most characteristic

sign, occurring in 90% of cases, is the presence of hands of translu-
cency running transversely across the metaphyses (Figs 41.14, 41.15).
Such bands may be narrow and incomplete in the early stages of the
disease, but in the course of a few weeks they may be found to tra-
verse the metaphyses completely and be as much as 5 mm in width.
The most rapidly growing areas-knees, wrists and ankles-are com-
monly affected first, but later the metaphyses of the shoulders, hips
and vertebral bodies also may be involved. With treatment, remission
may occur, and the bands of translucency resolve.

2. Metaphyseal cortical erosions on the medial side of the proxi-

mal ends of the humeral (Fig. 41.16A) and tibial shafts sometimes
occur as an early feature. They are usually bilateral. '

3. Osteolvtic lesions develop in over half the cases. Usually they

are punctuate and diffusely scattered, though solitary and larger
l esions may occur. While any portion of the skeleton may be
involved by such leukaemic deposits, they are commonest in the
shafts of the long bones (Fig. 41.17). When the vertebral bodies are
i nvolved, collapse often takes place before specific areas of rare-
faction can be identified (Fig. 41.16B).

4. Periosteal reactions are usually associated with underlying
bony lesions.

5. Osteosclerosis of the rnetaphysis i s a rare but well recognised

primary manifestation. It may develop during treatment.

In mnetastatic neuroblastoma skeletal changes take place which
may be indistinguishable from leukaemia. Separation of the sutures
of the skull in the former condition is a helpful differentiating

sign.

Fig. 41.13 Sickle cell disease with salmonella osteomyelitis. (Nigerian
boy aged 4). Extreme destructive changes in the long bones have been
caused by infection superimposed upon infarction. Numerous sequestra are
present. (Courtesy of Mr Geoffrey Walker.)

Fanconi's syndrome
This syndrome of congenital aplastic anaemia with multiple con-
genital anomalies (not to be confused with the other syndrome
described by the same author and concerned with osteomalacia and an
abnormal renal tubular mechanism) is of interest in that the haemato-
logical changes are unlikely to appear before the age of 2 years. These
consist of hypoplastic anaemia, marrow hypoplasia and skin pigmen-
tation. The defect is inherited and congenital abnormalities of the
skeleton are associated, such as deficient formation of the bones of the
thumb, first metacarpal and radius; other abnormalities, including con-
genital dislocation of the hip and club foot, have also been observed.
These are evident long before the haematological abnormalities
become apparent, and the latter are not responsible for any skeletal
abnormalities. Some cases have terminated in leukaemia.



Fig. 41.14 Acute leukaemia. Extensive metaphyseal radiolucencies are
present with adjacent periosteal new bone formation.

In adults skeletal lesions are rare. As has been stressed before, the
deposits occur essentially in red marrow areas. Changes include

porosis, translucent areas of leukaemic bone destruction (which tend

to be oval with the long axis parallel to the shaft). and vertebral

destruction and collapse. Periosteal reactions are unusual. Occa-

sionally, generalised osteosclerosis of the marrow area is evident. This
is likely to be caused by trabecular thickening during periods of
remission and may be patchy in type. In some instances, however, the

leukaemic changes may be a secondary and terminal process in
myeloid metaplasia.

Fig. 41.15 Lymphatic leukaemia. Metaphyseal radiolucencies are present
around the knee. Endosteal sclerosis is present adjacent to these lesions,
obscuring the corticomedullary junction. Minor periosteal new bone for-
mation is present in the upper tibia and fibula.

due to fibrosis may persist (Figs 41.18, 41.19). The increased density

i s due to new hone deposition on the trabeculae and to the endostcal
cortical thickening with loss of the normal cortico-medullary distinc-

tion. Narrowing of the medullary space becomes clearly visible and

resembles, in the long hones, the later stages of sickle-cell anaemia.
Irregular periosteal reactions may occur, particularly near the ends of
l ong bones. These may be well organised and continuous with the
cortex or separated from it by a zone of translucency. While the red
marrow areas (particularly the pelvis) are especially subject to these
pathological changes, the whole skeleton may be affected. Density of
the skull is associated with obliteration of the diploic space, though
some persistent areas of fibrosis may remain translucent.

Splenomegaly is almost invariably evident (Fig. 41.20).
Differentiation must be made from other conditions causing a gen-

eralised increase of hone density. The congenital sclerosing

dysplasias, including osteopetrosis, are likely to be encountered in
adult life only as an incidental finding or in association with a patho-
l ogical fracture. Fluorosis is likely to occur in an endemic area.

This syndrome is characterised by the triad of myelofibrosis,
myeloid metaplasia and features in the peripheral blood film which
simulate leukaemia. The relationship between myeloid metaplasia,

myelosclerosis and other diseases, including polycythaemia rubra
vera and chronic myeloid leukaemia, is intimate. The typical patient

is a middle-aged or elderly adult, the primary disorder being meta-
plasia of the marrow cells to fibrous tissue. The usual presenting
complaints are fatigue and abdominal fullness due to hepato-
splenomegaly. Obliteration of the haematopoietic tissue results in
progressive anaemia, the appearance of immature red and white
cells in the peripheral blood and compensatory splenomegaly. In
the later stages of the disease, the fibrous tissue becomes converted
to bone, and endosteal cortical thickening develops. Polycythaemia
may be followed by myeloid metaplasia and it appears probable

that nearly half of the developed cases of myeloid metaplasia
previously had some form of this blood disorder. Purine hyper-
metabolism may manifest itself as secondary gout.

Radiological changes
In the sclerotic stage of the disease increased density of the hones
may he diffuse or patchy in nature. Areas of relative translucency
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Fig. 41.16 Lymphatic leukaemia. (A)
Erosions of the medial side of the proxi-
mal metaphyses of both humeri were
present in this 8 year old. The disease
was in an aleukaemic phase, not an
uncommon finding even when skeletal
changes are present. (B) The same child
complained of back pain. Multiple verte-
bral collapse is shown with the preserva-
tion of disc-space height. Overall bone
density is reduced with a simplified tra-
becular pattern.

Fig. 41.18 Myeloid metaplas .;. Widespread but patchy areas of sclerosis
are shown throughout the pelvis and lumbar spine.

Fig. 41.17 Chronic lymphatic leukaemia-adult type. Diffuse medullary
i nfiltration is shown in the humerus and scapula with cortical erosion.



The classification of the proliferative disorders of the lymphoreticular
system is changing constantly and is based essentially upon histologi-
cal features detected in lymph nodes. Consequently, caution is neces-
sary in extending such classifications to bone or bowel lymphoma.
Malignant lymphoma is a generic term embracing all previously
named tumours, including Hodgkin's disease, lymphadenoma, lym-
phosarcoma, reticulum cell sarcoma and others.

Malignant lymphomas
These may be subdivided into two groups: Hodgkin's disease and a
group of non-Hodgkin's lymphomas.

This defined tumour has an agreed classification on histological
grounds, named after Rye. This comprises nodular sclerosing

Hodgkin's disease, a complaint of young women involving int atho-
racic lymph nodes, and three categories, lynmphocyte-predominant
Hodgkin's disease, mixed cellularity Hodgkin's disease and lympho-
cyte-depleted Hodgkin's disease. The last three comprise a spectrum
with, in order listed, worsening outlook. Bone involvement always
i mplies a less favourable prognosis. It is a feature of widespread
disease and has been found at postmortem in more than half of cases.
Skeletal lesions at presentation are far less common. Primary
Hodgkin's disease of bone probably does not occur. There is no corre-

l ation between the variety of Hodgkin's disease and the nature of the
i ndividual bony lesions it produces.

The age of onset varies widely from childhood to old age but the
diagnosis is most commonly made in young adults. The red marrow
areas are the most frequent sites of presentation, the majority of
l esions being found in the spine, thoracic cage and pelvis. Bone
pain may precede, by several months, the development of these
l esions and the importance of serial radiological examination, either
radiographic or scintigraphic, must be stressed.

Fig. 41.20 Myeloid metaplasia (woman aged 63). All the bones are
diffusely dense with lack of distinction between cortical and medullary
bone. The spleen is grossly enlarged (arrows).

A. Lymphomas: including Hodgkin's and non-Hodgkin's
l ymphomas

B. Plasma-cell disease: plasmacytoma and multiple myeloma
C. Histiocytosis
D. Storage disorders: Gaucher's disease and Niemann-Pick

disease.

Mastocytosis may cause some confusion, but the lesions are usually
l ess diffuse and are accompanied by urticaria pigmentosa. Sclerosing
and widespread metastasis, particularly prostatic, should not be for-
gotten.

Fig. 41.19 Coronal intermediate weighted (A) and T2 -weighted
(B) MR images of the knee in a patient with myelofibrosis showing
replacement of the normal high-signal-intensity fatty marrow by
fibrosis. This, and the abnormal bone deposition around the tra-
beculae, results in the diffuse low signal intensity from the
medullary cavity.
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elderly individuals, confusion with Paget's disease may easily arise,
but the characteristic enlargement of the affected hone in that
disease will probably be absent. Differentiation, in all these lesions,
must he made from metastasis. Intrathoracic disease may present
with hypertrophic osteoarthropathy.

Radiological changes

I n the skeleton the majority of early one lesions are destructive
and often large at the time they are first observed, either from direct

i nvolvement from affected soft tissues, particularly lymph nodes, or
from infiltration of bone marrow. About a third are essentially oste-
olytic in type (Fig. 41.21). The majority is however of mixed type
with patchy sclerosis and destruction (Fig. 41.22). Diffuse trabecu-
l ar thickening causes sclerotic lesions in the remainder (Fig. 41.23). This forms a much more difficult spectrum of disease with a con-
Such an appearance may develop in a few months, being preceded tinually evolving classification. That commonly used is based on
by hone pain, and may well show no preliminary hone destruction. l ymph node histology and cytoimmunochemistry. As a simpli-
It may also follow treatment of a formerly osteolytic lesion. fication, non-Hodgkin's lymphomas (NHL) are categorised accord-
Conversely, some sclerotic lesions may be observed to become ing to the histological architecture of the tumour into follicular or
osteolytic or normal following treatment (Fig. 41.23). Whereas the diffuse forms, and according to their cell type into B-cell and T-cell
osteolytic lesions may thin, displace and erode the overlying cortex tumours. As a working formulation the tumour is then classified as
and develop associated soft-tissue masses, the primary sclerotic low, medium or high grade. In general, low-grade tumours tend to
lesion does not cause enlargement of the affected bone. Skeletal be follicular B-cell lymphomas and high-grade tumours tend to be
scintigraphy is a sensitive means of detecting the presence of bony diffuse T-cell lymphomas.
l esions, particularly when sclerotic deposits have developed. The It is difficult to assess how many patients present with primary
method is less reliable when purely lytic lesions are present. MRI is skeletal non-Hodgkin's lymphoma; the proportion is probably less
extremely sensitive (Fig. 41.24). than one-third, the majority of patients having diffuse disease at

The spine is by far the most frequently involved area. A feature that diagnosis. Experience suggests that low-grade NHL may present as
i s almost diagnostic is anterior erosion of a vertebral body a primary bone tumour, although in older patients particularly it can
(Fig. 41.25). This may or may not present reactive sclerosis in its
margin and is attributed to involvement of adjacent paravertebral
lymph nodes. Several vertebrae may be affected and the osteolytic
l esions are likely to collapse. Soft-tissue masses will stimulate para-
vertebral abscesses. The sclerotic type shows a diffuse increase of
density, possibly also with some anterior erosion but without increase
i n size of the affected body. A solitary dense vertebra, especially in
young adults, is suggestive of this disease. In all these types the inter-
vertebral discs are usually spared, aiding differentiation from an infec-
tion. Even in the rare cases where a disc space does become narrowed,
preservation of density of the vertebral end-plates usually permits dif-
ferentiation from an infective discitis where loss of this density is an
early diagnostic sign. Lesions in the ribs may be found by themselves,
sometimes being observed in a chest radiograph. They are usually
osteolytic and expanding in type.

The sternum is also a not-infrequent site for a lesion to appear,
again usually osteolytic, but sometimes mixed in type with perpen-
dicular spicules of new bone. Presternal and retrosternal soft-tissue
swelling is not uncommon (Fig. 41.21). In the pelvis, mixed or scle-

rosing types tend to predominate. The medial portions of the
i nnominate bones are often dense. Osteolytic lesions, rather non-
specific in appearance, are not uncommon in the ischia and change
from either type to the mixed pattern may be observed in serial
examinations.

In the long bones the sites of predilection arc the red marrow
areas in the proximal portions of the femora and humeri. These are
usually of the osteolytic type and many small translucencies, oval in
the long axis of the bone, extend throughout the marrow cavity
associated with endosteal scalloping of the cortex. While such an
appearance is a feature of this disease, it may be seen also in non-
Hodgkin's lymphoma, leukaemia and Gaucher's disease. Fusion of

such areas may produce a honeycomb pattern, with coarse residual
trabeculation, very like the medullary changes of Gaucher's disease.
Organised periosteal reactions are not infrequent. Such a feature is
rare in Gaucher's disease. Fig. 41.21 Hodgkin's disease. An expanding, destructive lesion involves

The skull, clavicles and scapulae are sometimes affected. the body of the sternum, with anterior and posterior soft-tissue masses.
Pathological fractures are uncommon. With sclerosing lesions in Bizarre changes in this bone should always arouse suspicion of a lymphoma.



Fig. 41.22 Hodgkin's disease. (A) The common pattern of endosteal sclerosis and patchy bone destruction is shown in the vertebral body of T9 in an
adult man. Similar changes are also present at TI 1 . These features are virtually diagnostic. (B) In another patient, an intravenous enhanced CT section of
the abdomen demonstrates a densely sclerotic lumbar vertebral body associated with a large paravertebral soft-tissue mass. Sagittal (C) and coronal (D) T,-
weighted images show low signal intensity within the upper lumbar vertebral body due to diffuse sclerosis and the extent of the soft-tissue mass. This
extends into the central spinal canal and circumferentially around the thecal sac.

asymptomatic, lesions presenting with pathological fracture. Males
are affected twice as commonly as females. The majority is
observed in the third and fourth decades although presentation
during later years is not unusual. The lesions may be multifocal in
the older age group. These tumours may he confused with other
malignancies including osteosarcoma, metastasis and malignant

be multifocal and systemic. It is unlikely that high-grade NHL ever
presents primarily in the skeleton.

Low-grade non-Hodgkin's lymphoma
Skeletal involvement by low-grade NHL may be with localised pain
and swelling, often over a protracted period. The tumour may be
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Fig. 41.23 liu(lykin s :?! ,.r, A) DiffuV
sclerosis is present in the bodies of L2 and L3

i n a young woman at presentation with the
disease. (B) Two years later, following treat-
ment, the appearances have reverted to
normal. (Lymphographic contrast medium is
present in para-aortic nodes.)

Fig. 41.24 Hodgkin's lymphoma. T,-weighted (A) and STIR (B) sagittal images demonstrate extensive abnormality of the marrow of the lumbar spine. In
addition, a huge mass of lymph nodes is demonstrated anteriorly, wrapped around the abdominal aorta and displacing the superior mesenteric artery. An
axial image (C) demonstrates not only body and left ala involvement of the sacrum, but also subcutaneous and spinal canal extension of the tumour. The
thecal sac is displaced to the right.

half the cases occur near the knee (Fig. 41.27), often with an asso-
ciated synovial effusion. The proximal end of the humerus is
another common site and about a third of cases are found in the
flat bones of the axial skeleton. Spinal, rib and pelvic involvement
tends to occur with the extraskeletal form, and in the older age

group.
The tumour may be extremely radiosensitive, and radiotherapy

alone or in combination with surgery has resulted in many long sur-
vivals (Fig. 41.28). Although a primary lesion may have regressed

round cell tumours. Indeed differentiation between these tumours in
a young adult may be extremely difficult, not only on clinical and
radiological grounds but also histologically.

The lesion may arise as an apparently primary tumour within
hone marrow tending to remain confined to the skeleton, although it
may spread to other hones and only at a later stage to lymph nodes

and viscera.
In its primary form, the condition is localised to a single bone

with a marked predilection for the long bones (Fig. 41.26). Nearly



Fig. 41.26 Non-Hodgkin's lymphoma. A conventional radiograph (A) is virtually normal save for the slight suggestion of patchy ill-defined bone destruc-
tion. Subsequent T,-weighted coronal (B) and axial (C) MR images demonstrate not only extensive marrow replacement but also a substantial enveloping

soft-tissue mass. The degree and extent of tumour involvement of bone was virtually impossible to appreciate from the radiographic examinations.

Fig. 41.27 Non-Hodgkin's lymphoma. A purely destructive lesion is present
i n the distal femur of a woman patient. The margins are ill defined with corti-
cal destruction. Periosteal new bone formation is present adjacent to this
destruction. These appearances resemble metastasis and osteosarcoma.

Radiological changes The earliest evidence of the tumour is

diffuse medullary destruction or sclerosis of a patchy nature with

very poorly defined margins (Figs. 41.26, 41.29, 41.30). At this

stage it may be impossible to differentiate the lesion radiologi-

cally from any other aggressive neoplasm. In particular, an oste-

Fig. 41.25 Hodgkin's disease. A typical anterior scalloping of L4 is due to

pressure erosion from enlarged lymph nodes. The cortex is preserved, as
are the disc spaces.

entirely with radiotherapy, generalised skeletal dissemination is

likely to occur eventually.
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Fig. 41.29 Non-Hodgkin's lymphoma. Extensive patchy destruction of
the cranium was present in this adult patient with generalised disease.

Fig. 41.28 Non-Hodgkin's lymphoma. Advanced changes are shown in
the femoral shaft, with dramatic resolution 11 months later following local
radiotherapy.

olytic metastasis is likely to present the greatest difficulty. The
l esion may resemble other primary malignant neoplasms stimulat-
i ng little or no reactive bone formation such as Ewing's tumour,
fibrosarcoma or malignant fibrous histiocytoma. Radiological
confusion with osteomyelitis may also arise, particularly as over-
l ying periosteal reaction is present in half the cases (Fig. 41.27).
Indeed periosteal reaction may be present before rnedullary
changes become evident. Scintigraphically the features are unre-
markable. Usually increased activity is detected. Multifocal lesions
may be found. Radiologically the area of destruction spreads
widely through the marrow cavity and remains patchy in nature.
Much of the adjacent cortex undergoes resorption with the devel-
opment of well-defined soft-tissue swelling from soft-tissue
tumour extension. Cortical thickening and reactive sclerosis are
not prominent features, although they may occur exceptionally.

In the generalised form of the disease, lesions may be detected
throughout the skeleton and each presents the same characteristics as a
solitary focus (Fig. 41.31). The patient is likely to be over the age of
40. The ultimate degree of osseous destruction may he extreme.

Fig. 41.30 (A) CT of the pelvis in non-Hodgkin's lymphoma showing
diffuse sclerosis within the right innominate bone, with ill-defined periosteal
bone formation on the inner surface. A soft-tissue mass is evident. (B) The
extent of these changes is easier to appreciate on the axial STIR image,
where additional lesions within the left innominate bone are also evident.

High-grade non-Hodgkin's lymphoma
This malignant tumour is rarer than Hodgkin's disease and mainly
affects an older age group: patients in the fifth and sixth decades.
Nonetheless a number of cases have been observed in children and
i n these male sex preponderance has been found. A proportion of
these patients develops frank lymphocytic leukaemia.



An exceptional and particularly aggressive form of non-Hodgkin's
l ymphoma is common in African children and has been reported in

The rare condition of urticaria pigmentosa is associated with
enlargement of the liver, spleen and lymph nodes due to the pro-
liferation of mast cells. The disease is relatively benign, but a few
i nstances of leukaemic termination have been recorded. Bone
changes are usually identified in early adult life.

Radiological changes
I n probably a third of cases, generalised skeletal changes are
present. These are diffuse or circumscribed areas of increased
density, apparently due to thickening of the medullary trabeculae
(Fig. 41.33). It may be difficult to identify the endostcal margin of

The incidence of bone lesions is of the order of 10-20%,
although more are detected at postmortem. Prognostically bone
lesions imply a poor outcome. Primary skeletal involvement is
probably extremely rare.

Radiological changes I n the skeleton these resemble these very
closely those of Hodgkin's disease; other lesions grow more
rapidly and are almost always osteolytic in type. Areas of destruc-
tion, commonly in red marrow areas, may be large with diffuse
and irregular margins, and with scalloping of the inner aspects of
the cortex. They may he solitary or multiple and, because of their
osteolytic nature, pathological fractures are common. The latter
affect especially the femoral and humeral necks and may cause
collapse of vertebral bodies. When the lesions are multiple they
all tend to be of the same osteolytic type, unlike Hodgkin's
disease when all the different types of bone change may be
present. Erosion of the cortex is likely to be followed by the
formation of large associated soft-tissue masses with rela-
tively little periosteal reaction. Such erosions usually take place
through an area of cortex that has already been thinned and
expanded by underlying pathological process, emphasising the
radiological similarity of the individual lesions to Ewing's
sarcoma.

other parts of the world. Large, destructive lesions develop espe-
cially in the mandible and maxilla (Fig. 41.32).

Radiologically these lesions are purely osteolytic and grow
rapidly. The jaw lesions are characterised by the resorption of the
l amina dura with multiple lytic foci that eventually coalesce with
radiating spicules of hone. Spinal lesions are characterised by lytic,
ill-defined destructive foci with paravertebral masses. In long hones
the permeative lytic nature of the turnout -, particularly with cortical

erosions, may resemble a Ewing's sarcoma. Foci develop in soft
tissues, particularly the kidneys, ovaries and abdominal lymph
nodes.

The disease is associated with a virus (Epstein-Barr) and is espe-
cially prevalent in endemic malarial areas. Regression can occur
following the use of cytotoxic drugs.

Fig. 41.31 (A,B) Non-
Hodgkin's lymphoma. Multi-
focal disease was found at
presentation in an elderly
patient with low back pain. In
addition to a pathological
fracture of a lumbar vertebral
body, ill-defined endosteal
defects are present in the
femoral shaft (arrows).
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Fig. 41.33 Mastocytosis (man aged 34).
A localised area of endosteal sclerosis is
present in the body of Lt. In addition, ill-
defined thinning of trabeculae is demon-
strated in L2 and patchier changes in the
upper surface of L3.

Fig. 41.32 Burkitt's tumour. A large destructive lesion in the mandible of
this African child is typical of this form of lymphoma.

the cortex. The absorption of some trabeculae and the thickening of
others may cause the osseous structures to have a coarse pattern
( Fig. 41.34) but the generalised increase in density predominates
usually. Any hone may be affected. At this stage it is possible to
demonstrate only a few mast cells in the hone marrow. The appear-
ance may closely resemble ,nvelosclerosis. the sclerosing types of
leukaemia,

chronic
ancremias and osteopetrosis. Occasionally the

dense areas are sharply defined, of considerable size and localised
t o a few areas. Particularly in young adults, differentiation from
Hodgkin's disease must be made.

Plasma cells represent the end product of B-lymphocyte maturation.
Pathological proliferation produces either a local tumour (plasnma-
cytoma) or disseminated disease (myelomatosis).

This condition is unifocal, causing a localised destructive lesion in
the skeleton, in a red marrow area. Many other descriptive terms
(such as solitary myeloma) for this localised lesion have been used.
Although for many years it may remain localised, and without
health disturbance, ultimately it undergoes transition to generalised
myelomatosis. A latent interval of 5-10 years is usual: conse-
quently, the outlook is better than multiple myelomatosis. In com-
parison with the latter these lesions are uncommon, but the exact
i ncidence is difficult to assess as they are frequently asymptomatic.
For example, a plasmacytoma in a rib may be noted incidentally on
a routine examination of the chest.

When symptoms occur they are commonly those of hone pain,
particularly backache. The vertebral bodies, especially in the thora-
columbar and lumbar regions, are the most common sites for these
l esions and are likely to undergo partial collapse. The pelvis, espe-
cially the ilium, femur and humerus, are the next most commonly
i nvolved sites.

Fig. 41.34 Mastocytosis. A coarse pattern of generalised sclerosis is
shown.

The vast majority of affected individuals are between 30 and 60
years of age so that this is almost entirely a disease of late middle
age. The differential diagnosis always includes a solitary osteolytic
metastasis.

Radiological changes
These lesions arise in areas of red marrow function. Bone expansion,
which may be considerable with thinning of the overlying cortex, is
common hut, when a vertebral body is affected, collapse may precede
such apparent expansions. The margins are usually well defined and
sharply demarcated and characteristically without a sclerotic reaction
( Fig. 41.35). Coarse trabecular strands of increased density may give a
network appearance in the area of destruction, and exceptionally the
l esion may be entirely sclerotic. Large lesions in flat bones may
assume a soap-bubble appearance (Fig. 41.36).

Di/jerential diagnosis of these tumours may be difficult. In view
of the age group concerned the most important is an osleolvtic

metastasis. In vertebrae, such metastases are likely to involve the
pedicles more commonly. Metastatic disease apart, the development



Fig. 41.35 Plasmacytoma of sacrum. (A) An adult man exhibits a well-
defined radiolucent defect involving the left sacral ala. (B) A CT scan
demonstrated the extensive destructive nature of the tumour, seen clearly
to cross the midline. Note the marked cortical thinning with absence of
sclerosis or periosteal new bone formation.

Fig. 41.37 Plasmacytoma presenting with paraparesis. (A) Conventional
radiograph of the thoracic spine showing vertebra plana (arrows). (B) CT
demonstrating the degree of bony destruction, associated paravertebral
mass and marked posterior extension into the spinal canal resulting in
severe cord compression.

Fig. 41.36 Plasmacytoma of pelvis. This very extensive lesion was unac-
companied by any systemic abnormality. Bone expansion is associated with
coarse trabeculation, producing a soap-bubble appearance.

It is much more common for the widespread form to present
radiologically as a fully developed entity in the over-40 age group.

Men are affected twice as often as women. Persistent bone pain or a
pathological fracture are usually the first complaints.

Plasma cell proliferation causes elevation of the total serum pro-
teins, due to the production of abnormal immunoglobulins. Such
proliferation eventually takes place at the expense of all other
marrow functions so that a non-specific Icukopenia and secondary

The disseminated or generalised form of plasma cell infiltration of'
bone marrow is known as multiple myelomatosis. This entity may
be preceded by a solitary plasmacytoma or arise de novo.

of a solitary osteolytic lesion in a vertebral body in a patient in late
middle age should always be considered as a plasmacytoma (Figs
41.37, 41.38). Chordoma may produce similar features. Other differ-
ential diagnoses to be considered, especially with an expanding lytic
focus in a rib, are fibrous dysplasia, a ` brown' tumour of hyperpara-

thyroidism and, particularly when the lesion is adjacent to an articular
surface, a giant cell tumour. Resemblance to a giant cell tumour may
be close; however, these lesions are found in early adult life and fur-
thermore have a different distribution, commonly affecting the appen-
dicular skeleton, whereas plasmacytoma is more likely to be axial.

Scintigraphy and CT afford no specific diagnostic features.

Increased activity is observed on the blood-pool phase of a bone
scan, while the delayed phase shows increased activity around the
margins. CT confirms the extent of these tumours but does not
afford tissue-specific information.
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Fig. 41.38 Plasmacytoma. (A) Conventional cervical spine radiograph
showing osteolytic destruction of C6 with pathological collapse of the ver-
tebral body. (B) Sagittal T 1 - weighted MR image showing the intermediate-
signal-intensity lesion of C6 resulting in focal extradural compression of the
spinal cord.

anaemia develop. In about half of cases, presence of an abnormal
urinary protein constituent, Bcnce Jones proteose, may be demon-
strated. Abnormal proteinuria causes cast formation in the renal
t ubules with impairment of renal function. Hypercalcaemia, hyper-
calcuria and amyloidosis occur, the last in about 10% of all cases,
and resemble the distribution of primary amyloidosis. The hyper-
calcacmia and hypercalcuria are unassociated with an elevation of
either the serum alkaline phosphatase or phosphate levels.

The pattern of bone destruction may vary from diffuse osteoporo-
sis, through small and almost insignificant areas of translucency, to
rounded or oval defects with sharply defined margins. The last,

regarded as characteristic, develops relatively late. Frequently the
defects coalesce to produce even larger areas of osteolysis.

Radiological changes
The two cardinal features are generalised reduction in hone density
and localised areas of radiolucency in red marrow areas. The axial
skeleton, therefore, is affected predominantly. Lesions may he
observed also in the shafts of long bones and in the skull. In spite of
positive bone marrow aspiration, radiological features may be absent
in as many as one-third of cases, at least at initial presentation. This
group of patients tends to develop generalised osteoporosis.

Radiology plays an important part in the initial diagnosis of the
disease. Whether a skeletal survey is relevant or not will depend on
the clinician's approach to therapy, many will rely solely on the
l evel of abnormal immunoglobulin to monitor treatment. If neces-
sary, a radiographic skeletal survey is superior to scintigraphic
i nvestigation using a hone-scanning agent, because the lesions are
essentially osteolytic with no hone reaction. A bone scan is supe-
rior, however, in detecting lesions in the ribs because the associated
fractures are demonstrated more easily.

Diffuse osteoporosis alone can cause suspicion of the disease in
an elderly patient. Even though age-related osteoporosis may he
expected, the possibility of myelomatosis always merits con-
sideration, particularly when symptomatic bone pain is present
( Fig. 41.39). The smaller areas of radiolucency are poorly demar-
cated and appear to be irregular accentuations of the generalised
osteoporotic process (Fig. 41.40). The rounded and oval defects that

develop are characterised by the sharp definition of their edges.
Reactive marginal sclerosis is absent. Typically, the cortex is eroded
from within sharply defined margins (Fig. 41.41 ).

Exceptionally, however, sclerosing changes have been reported.
These have varied, some resembling focal lesions of prostatic
metastases, some the spiculation of osteosarcoma and some a gen-
eralised diffuse increase in density. This very rare form of multiple
myelomatosis occurs in probably 2 4 of cases, and is frequently
accompanied by a peripheral neuropathy.

Treatment, as in other conditions, may alter these appearances
and, during its course, it is common to observe some lesions resolv-
i ng while others evolve.

The distribution of lesions is very widespread and destructive
foci are commonly located in the long hones in addition to the axial
skeleton. Involvement of the skull is variable. Diffuse and irregular

translucencies with generalised osteoporosis are not uncommon.
Such changes eventually become pronounced and extensive. The
disease will not always be evident by the presence of the classic

` raindrop' lesions, circular defects varying in diameter from a few
millimetres to 2 or 3 cm. Indeed, the skull may be normal, even in
the presence of many lesions elsewhere in the skeleton. Areas of
osteolysis may be observed also in the mandible, a site only rarely
affected by metastasis. Myelomatous lesions may erode the cortex
and extend into the adjacent soft tissues. The resulting soft-tissue

masses are helpful in differentiating the advanced forms of the
disease from the lesions of nmetastatic carcinoma, which much less
commonly produce extension into the soft tissues. The spine is often
merely osteoporotic, but as the disease advances, multiple foci of
destruction, almost invariably accompanied by some degree of col-
lapse of the affected bodies, are likely to be present. With such col-

l apse, paravertcbral soft-tissue shadows are common. Differentiation
from inflammatory lesions can he made, as the intervertebral disc
spaces and the articular surfaces are not affected. The pedicles and
posterior elements are involved less frequently and at a later stage
than occurs with metastases. In the thorax, a destructive rib lesion
with a large associated soft-tissue mass is much more suggestive of
myelomatosis than of a plasniacytoma. Diffuse involvement,

DISORDERS OF THE LYMPHORETICULAR SYSTEM AND OTHER HAEMATOPOIETIC DISORDERS 1339



1340 A TEXTBOOK OF RADIOLOGY AND IMAGING

An uncommon condition with the acronym POEMS is charac-
terised by a chronic progressive Polyneuropathy, Organomegaly
(hepatosplenomegaly), Endocrinopathy (commonly diabetes mel-
litus), M-proteins (plasma-cell dyscrasia) and Skin changes (hir- This is the mildest expression of histiocytosis. Pathological changes
sutism, pigmentation, oedema). It is usually seen in young men and are predominantly bony, although occasionally pulmonary involve-

Fig. 41.40 Myelomatosis. Diffuse marrow involvement has resulted in an
overall reduction in bone density similar to that seen in osteoporosis.
However, the rather patchy nature of radiolucencies should raise the possi-
bility of myeloma.

however, is more usual, numerous characteristic lytic lesions being
present. The clavicles and scapulae may also show these destructive Fig. 41.41 Typical localised lesions of myeloma are demonstrated in the
changes, indeed such a lesion in the clavicle is far more likely to be upper femur of an adult woman. The sharply defined rounded defects with
due to myeloma than mesa-stasis. endosteal erosion of the cortex are characteristic.

The ton, bones are affected most commonly in the persistent
red marrow areas of the proximal ends of the humeri and femora. radiologically presents with multiple sclerotic lesions, most com

Lesions, however, are by no means found only in such areas, nionly in the spine and pelvis.

and irregular or punched-out tfanIluIInc I II in the shafts of
other bones may be the first radiological manifestation of disease. In
some advanced cases lytic defects may he due also to secondary
atn loidosis, which can complicate many chronic disorders such as

The basic pathological abnormality in this group of diseases is a
y y

rheumatoid disease
proliferation of histiocytic cells occurring particularly in the hone

and longstanding infections. marrow, the spleen, the liver, the lymphatic glands and the lungs. In
Pathological

,%-ac

lures are very often the initiating factor in the the more chronic forms these cells become swollen with lipid depo
diagnosis of the disease. These fractures heal remarkably quickly sits, essentially cholesterol (though the blood cholesterol level
and soundly with massive callus and new bone formation. This remains normal) and they present the pathological appearances of
response is somewhat surprising in view of the numerous cystic ' foam cells'. Some of these become necrotic and are replaced byl esions and widespread osteoporosis which are likely to he present fibrous tissue
without any evidence of reactive sclerosis.

.
Various forms of the condition have been regarded in the past as

separate entities. These forms are outlined below but it must be
emphasised that this subdivision is entirely arbitrary since histio-
cytosis essentially presents a spectrum of disease.



Fig. 41.43 Histiocytosis. (A) Lateral skull radiograph showing a well-defined osteolytic lesion with a narrow zone of transition and no sclerosis in the pos-
terior parietal region. (B) Osteolytic lesion of the innominate bone with ill-defined peripheral sclerosis. (C) CT of the innominate lesion showing destruction
of the anterior cortex of the iliac wing and the ill-defined surrounding sclerosis of this healing lesion.

meat may occur. Children, especially boys, between 3 and 12 years
arc most commonly affected, although these lesions may be
observed in adolescents, young adults and exceptionally the middle
aged. Any bone may be affected. A quarter of cases occurs in the
skull. The skull, pelvis and femora between them account for nearly
two-thirds of all cases.

Clinically pain and swelling may be accompanied by mild fever.
Histologically the eosinophilic infiltration is found around collec-
tions of histiocytes. In this relatively mild form necrosis and
fibrosis arc rare and the appearance of foam cells suggests a more
serious variety.

Radiological changes

Translucent areas of hone destruction, with sharply defined margins
Fig. 41.42 Histiocytosis. A purely osteolytic lesion is present in theand often of considerable size, arc characteristic. The round or oval
mandible, with well-defined, slightly scalloped margins. The lamina dura

defects may have scalloped margins (Fig. 41.42). Although in the has been destroyed. The teeth seem to 'float in air'.
active phase they provoke no sclerotic margin, the healing phase,
which usually develops by spontaneous regression, is marked by several centimetres in diameter may appear in as many weeks.

peripheral sclerosis round the lesion and slow reconstitution of the Button sequestra may be observed.
bony structure (Fig. 41.43). This healing phase may be accelerated Solitary lesions in the spine may collapse, partially or com-
by biopsy, radiotherapy or steroid injection. True expansion is pletely, the latter presenting the classic appearance of vertebra
uncommon except in ribs and vertebral bodies. Apparent expansion plana (Fig. 41.45). The most commonly affected site is the thoracic
may result from thickening of the overlying periosteum, especially spine. The lesions at one time were considered to represent an
if the cortex has been partially eroded (Fig. 41.44) or infarction has ' osteochondritis' and were named Calve's disease. During the

occurred. In approximately two-thirds of patients the lesions are phase of collapse, the walls of the affected vertebral body tend to
solitary. Differential diagnosis of a solitary lesion of this type may bulge laterally and paravertebral soft-tissue shadows may be
be extremely difficult and is from either ostcomyelitis or Ewing's evident. The disc spaces on either side remain intact and may
tumour, which has a similar age incidence. Skeletal survey, scinti- appear widened. As healing occurs, remarkably good reconstitution
graphic or radiographic, may disclose the presence of other asymp- of these vertebral bodies may take place if sufficient years of
tomatic lesions, facilitating the diagnosis. Multiple eosinophilic growth remain. The vast majority of vertebral plana lesions, espe-
granulomas are usually found to be in different phases of evolution cially in a relatively healthy child, are caused by an eosinophilic
(Fig. 41.43). As one lesion resolves another may appear in a dif- granuloma, and confirmatory biopsy is usually unnecessary. The
ferent part of the skeleton. In the skull particularly, new lesions differential diagnosis of collapse of a single vertebral body includes
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Fig. 41.44 Histiocytosis. Extensive
i nvolvement of a bone, here the clavi-
cle, is often associated with layered
periosteal new bone causing bony
expansion. Ill-defined areas of resorp-
tion may be visualised in the lesion. This
was the only abnormality found in a
young girl over several years' follow-up.

This is a more chronic form of the disease, with dissemination of
l esions in the lungs, lymph nodes, liver and spleen, in addition to
virtually constant and early involvement of the skeleton.

The early case reports drew attention to a syndrome consisting of
skull defects, exophthalmos and diabetes insipidus, the last two
being associated with lesions round the orbit and the hypophysis

the relative rarities of Ewing's tumour, metastasis from a neuroblas-
toma, benign ostcoblastoma or an atypical tuherculous focus.
Tuberculosis is becoming commoner in the `Western' world again.

This benign form of histiocytosis occasionally affects long bones
and initially has a predilection for the diaphysis (Fig. 41.46).
However, metaphyseal involvement may occur again, causing con-
fusion with a pyogenic infection. A rare entity, chronic granulonia-
t ous (Landing-Shirkcv) disease, tends to cause skeletal lesions,
i ncluding those in the metaphyses, which simulate closely the radi-
ological appearance of multiple eosinophilic granulomas. This
condition is usually due to inherited and inadequate responses of
leucocytes to infection.

Fig. 41.45 Histiocytosis. Vertebral lesions in the thoracic spine are shown Fig. 41.46 Histiocytosis. A healing diaphyseal lesion exhibits periosteal
on a lateral tomogram. The bodies of T7 and 8 have collapsed with a slight new bone formation and minimal sclerosis around the margins of the
increase in bone density. Note the relative preservation of the disc spaces. radiolucency.



This is an acute or subacute disseminated form of the disease,
occurring very rarely in infants below the age of 2 years and pre-

Fig. 41.47 Histiocytosis. Extensive skull involvement in a child with the
Hand-Schuller-Christian type of lesion. The areas of destruction in the flat
bones of the skull have a map-like configuration.

Fig. 41.48 Histiocytosis: Hand-Schuller-Christian type. Very extensive
radiolucencies are present both in the metaphysis and diaphysis of this
child's femur. A healed pathological fracture is present. Histiocytosis should
always be considered in the differential diagnosis of bizarre bone lesions.

respectively. Children below the age of 5 years are most frequently sensing a much more severe clinical picture. It is characterised by
affected, though sporadic cases occur at later ages up to middle life. pyrexia, with a rash and mouth sores, bleeding gums, respiratory
The course of the disease is chronic, often extending over It) or more symptoms and failure to thrive. Particular involvement of the
years. It is characterised by soreness of the mouth and loose teeth, due extraskeletal tissues occurs with enlargement of the liver, spleen
to deposits in the gums and jaws, and skin lesions. Abnormalities in and lymph nodes. The disease usually ends fatally, often in a few
the temporal bone are common, with an associated otitis media. The months and at the most in 2 years. In those cases with a rapidly
eventual prognosis is good, since spontaneous remission, possibly ini- fatal outcome, skeletal lesions are unlikely to be demonstrated radi-
tiated or accelerated by radiotherapy, takes place in the majority of ologically, having insufficient time to develop. Nevertheless, histo-
cases. Over 107 however, terminate fatally. logical change may be present in the hone marrow, with widespread

masses of histiocytes and eosinophilic infiltration, comparable with
Radiological changes the early histological picture of the benign eosinophilic granuloma.
The hone defects are essentially the same as those of eosinophilic Only in the rare cases that survive do fibrosis and cholesterol-
granulomas. They are far more numerous and particularly affect the containing foam cells become apparent.
flat hones. In the skull they often coalesce to produce widespread
irregular defects usually likened to a map and described as the `geo- Radiological changes
graphical skull', both tables often being involved (Fig. 41.47). Lesions gone lesions, when they occur, are indistinguishable from those of
i n the mandible and maxilla begin around the tooth roots, so that the Hand-Schuller-Christian disease and are purely lytic. However, they
teeth, which are never affected, remain dense and appear to 'float in tend to be even more widely spread both in the flat bones and espe-
air' (Fig. 41.42). Several vertebrae may be completely or partially col- cially in the metadiaphyseal areas of the long hones (Fig. 41.50).
lapsed and extensive lesions may develop in the scapulae, ribs and Diffuse pulmonary infiltration is common. This may closely resemble
pelvis. Osteolytic pelvic lesions or vertebral collapse in a child arc miliary tuberculosis and is a variety of honeycomh lung.
suggestive of this disease. Long hone involvement is less common
(Fig. 41.48).

I n a relatively early stage, sclerotic reaction around the sharply
defined margins of these lesions is absent. When healing occurs the
l esions fill in by sclerosis in the same way as eosinophilic granulomas.
New lesions may appear after the original ones have begun to heal,
emphasising again the wide spectrum of radiological change in
histiocytosis.

The lungs show a fine nodular infiltration in the acute phase.
With healing, these fibrose and persist as linear strands of increased
density, but the presence of pulmonary changes in histiocytosis
indicates a worse prognosis (Fig. 41.49).



1344 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 41.49 Histiocytosis. Adult pulmonary involvement (man aged 20). (A) A localised view from a chest radiograph demonstrates a coarse interstitial
pulmonary fibrosis. Note also a pathological fracture of the left fourth rib due to a bony deposit. (B) A CT scan demonstrates peripheral interstitial pul-
monary fibrosis with thickened interlobular septa and irregular honeycombing.

Histological examination reveals numerous large histiocytes within
which an abnormal lipoprotein, kerasin, is present. These cells are
disseminated throughout the marrow of the hacmatopoietic skeleton,

i n addition to the spleen and liver.

Radiological changes
Diffuse infiltration of the hone marrow causes widespread and
irregular medullary radiolucency. When collections of the abnormal
histiocytes occur destructive medullary lesions become visible and
abnormal modelling of the long bones may he evident. Expansion
of the distal ends of the femora begins with a loss of the normal
concavity of the medial sides. Eventually this justifies the classic
description of `flask-shared', on the analogy of the contour of the
Erlenmeyer flask (Fig. 41.51). This feature is, however, not diag-
nostic of Gaucher's disease and may be seen in other conditions
including haemolytic anaemias (thalassaemia), leukaemia and
osteopetrosis. Other bones, notably the tibia and humerus, may he
similarly affected.

Destructive lesions cause localised endosteal cortical erosions,
with sharply defined scalloped borders. As these lesions increase in
size and coalesce, the areas of hone abnormality may become
exceedingly widespread, both in the individual hone and in
the skeleton as a whole. Infarction of bone is not uncommon
(Fig. 41.52). The femoral and humeral heads, especially the former,
are often involved in this way. In a child such infarction may simu-
l ate Pcrthe's disease. In an adult the destructive changes in the
femoral head that develop cannot be differentiated from avascular
necrosis of other origin. Bone scintigraphy may be helpful in the
assessment of acute bone pain in order to detect early infarction
(Fig. 41.53). Subsequent disruption of articular surfaces promotes
osteoarthritis (Fig. 41.54).

Pathological fractures may follow relatively minor trauma. While
fractures may occur through any affected bone, compression of a
vertebral body is the usual lesion. As in many other conditions,

Young Jewish females are particularly susceptible to this hereditary
condition caused by deficiency of f3-glucosidase. It is not confined

to this ethnic group or sex. Although manifestations of the condi-
tion commonly become apparent in the later years of childhood and
i n early adult life, the disease may be so chronic, and of such insidi-
ous onset, that it may be recognised for the first time only in middle
age or even later life. In infancy, the rapidly fatal course of this
systemic disease is characterised by gross neurological changes and

pulmonary infiltration.
In the juvenile and young adult variety, the principal complaint is

of weakness and fatigue with progressive dementia. On clinical

examination splenic enlargement is detected in 95°10 of cases. Bone
pain may be present, sometimes severe. In the chronic form of the
disease characteristic and diagnostic bone changes may be expected.

A number of conditions have been described in which the lympho-
reticular system is the site of abnormal deposition of lipoproteins,
usually as a result of inborn errors of metabolism. The commonest
of these rare disorders are Gauchcr's disease and Niemann-Pick
disease.

In summary, histiocytosis is a disease primarily of childhood,
although exceptionally its more benign manifestations may be
observed in early adult life. The older the child, and the more the

l esions are confined to the skeleton rather than other tissues, the
better the prognosis. It must he appreciated that the benign
eosinophilic granuloma may deteriorate to a chronic, multifocal
form of the spectrum, and rarely vice versa.



Fig. 41.51 Gaucher's disease (woman aged 20). Abnormal modelling of
the distal ends of the femora has resulted in a typical flask-shaped appear-
ance. An osteolytic lesion with a coarse trabecular pattern is present in the
right femur.

Unlike some of the other diseases in this group, notably the
chronic haemolytic anacmias, the distribution of these lesions tends
to be peripheral rather than central. The chronic form of the disease
may cause characteristic changes in the first decade: the diffuse
medullary osteoporosis and abnormality of modelling in the distal
ends of the femora are likely to be the first radiological manifesta-
tions. The changes may be widespread and may resemble thalas-
saemia, except that the bones of the hands and feet are usually
completely or relatively exempt.

In the adult, the long tubular hones are usually the sites of
lesions, destructive processes in the pelvis and thoracic cage being
rarely evident. Nevertheless involvement of the axial skeleton does
occur, as shown by the frequency of spinal osteoporosis and occa-
sional vertebral collapse, which may he apparent even in the
absence of other radiological evidence of this disease. No character-
i stic lesions are recognised in the skull, but diffuse osteoporosis has
been reported. Frank cystic areas of destruction have been noted
around the tooth roots in the mandible.

I n the radiological assessment of any skeletal abnormality, appre-
ciation of associated abnormalities of soft tissue is important. In
this instance the combination of the changes described above, with
a patient with an appropriate ethnic background and with spleno-
megaly, provides a strong diagnostic triad. Enlargement of the
spleen, and often the liver, is almost constant in this disease.
Pulmonary involvement is unusual, but an appearance suggestive of
i nterstitial fibrosis may be observed, particularly in young children,
even in the absence of skeletal involvement.

Fig. 41.50 Histiocytosis: Letterer-Siwe type. Massive destructive lesions
are present throughout the skeleton, but affect particularly the metadia-
physeal areas of the long bones. A similar appearance could be produced
by metastases from a neuroblastoma or the advanced stages of leukaemia.

these compression fractures arc most likely to be found in the lower
dorsal or lumbar regions, the areas of greatest loading. Frank zones
of osteolysis in the spine are rare in Gaucher's disease, but gener-
alised osteoporosis is common. Pathological fractures also occur in
the femoral neck causing coxa vara, and in sites where no concomi-

tant radiological abnormality can be identified.
Usually hone trabeculae are destroyed, but the chronic form of

the disease may be characterised by sclerotic reaction within the
hone. A coarse network of dense medullary strands results that may
give the appearance of a honeycomb. In addition, endosteal thicken-
i ng may develop, as in the later stages of sickle cell disease and
myclosclerosis, the appearances again being suggestive of a `bone
within a bone'. On the outer surface, diffuse periosteal reactions
may develop, usually overlying an intact cortex.

Because of these reactive changes in the later stages of the
disease, the radiological picture may be confusing. It is particularly
i mportant for differentiation from chronic ostcomyclitis to be made,
as misguided surgical intervention has sometimes been followed
by chronic and resistant infection with persistent discharging
sinuses.
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the `foam cells' in this instance is sphingornyelin. Osseous changes
are less severe than in Gaucher's disease. Nevertheless, careful
study may disclose generalised osteoporosis, minor coarsening of
the trabeculae and minor modelling abnormalities.

Overt areas of osteolysis do occur, but are unusual and may
resemble the lesions of histiocytosis. However interstitial pul-
monary infiltration, causing a `honeycomb' lung appearance, and
hepatosplenomegaly are common in classic cases, for which the
prognosis is grave. Other types of the condition have been recog-
nised in older children.

The normal process of blood coagulation depends on a number of
factors, individual deficiencies of which have led to descriptions of
several disease entities within the haemophiliac group.

From the radiological aspect the most important of these disorders
are classic haemophilia, due to deficiency of factor V III, and the rarer
Christmas disease, due to deficiency of factor IX. These hereditary
diseases primarily affect males, being X-linked, usually recessive
disorders. The degree of affliction is related to the level of deficiency.

The bleeding tendency is observed usually during the first year of
l ife and may affect any tissue system. Christmas disease is usually
l ess severe. Bleeding results from trauma, possibly very slight,
rather than being spontaneous. Bleeding into joints is characteristic.
Such episodes become more frequent during the later years of
childhood and adolescence. Milder forms of the disease may cause
the formation of large, soft-tissue haematoma without significant
joint involvement. This is true of Von Willebrand's disease, which
affects both sexes equally and is transmitted in an autosomal domi-
nant manner. If, however, the factor VIII level is low, bleeding into
j oints can occur in this condition.

This rare disorder of the lymphoreticular system, of a type similar
to Gaucher's disease, has, in its classic form, a predilection for
Jewish girls under the age of 2 years. The abnormal lipoprotein in

Fig. 41.53 Gaucher's disease-acute bone infarction. (A) A radiograph of a 1 3-year-old girl, with known Gaucher's disease, presenting with acute hip
pain of 12 hours' duration. Slight endosteal sclerosis is shown in the inferior pubic ramus and an area of ill-defined radiolucency in the intertrochanteric
region. (B) The delayed phase of a bone scan reveals the femoral head and neck to be markedly photon deficient consistent with acute infarction.
Abnormally increased activity is present also at site of previous disease.

Fig. 41.52 Gaucher's disease. Infarctions in vertebral bodies have pro-
duced the 'bone within a bone' appearance throughout the lumbar spine
in this child.
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The knee is affected almost invariably, involvement being fre-
quently bilateral. The intercondylar notch becomes wide and deep.
The patella may develop an unusually rectangular shape and its
proximal articular surface is a common site of an erosion.

The elbows and ankles also are commonly affected. A character-

i stic abnormality in the former joint is an enlarged and deformed
radial head. The shoulders and wrists are less frequently involved.
Bleeding into the hip is unusual, but when this does occur avascular
necrosis of the femoral head causes an appearance comparable to
Perthe's disease. Distended joint capsules, particularly those of the
elbows, may become radiologically dense by deposition within
them of haemosiderin (Fig. 41.57). This too produces low signal on
MR images of diseased synovium (Fig. 41.58).

Intraosseous haemorrhage Juxta-articular cystic lesions may be
observed in the later stages of the disease, with a peculiar pre-
dilection for the proximal humeral epiphyses and the olccranon
processes. While many are comparable to the post-traumatic sub-
articular cysts of degenerative joint disease, the fact that some of
these cysts are remote from the articular surfaces has led to the
belief that they may be caused by haemorrhage within the bone

itself.

Subperiosteal haemorrhage Large osteolytic lesions, haemo-
philiac pseudotumours, occur in about I or 2 % of severely
affected patients. They arise especially in the iliac wings and in
the shafts of the long hones of the lower limb, although other
hones, including the calcaneum. have been involved (Fig. 41.59).
These destructive lesions have been attributed to bleeding
below the periosteum, or muscle attachments, and often are
accompanied by large swellings, sometimes relatively painless,

Fig. 41.54 Gaucher's disease. This adolescent has considerable deformity
of the femoral head and acetabulum secondary to episodes of infarction.
Evidence of degenerative arthritis is already present.

Radiological changes
I n the skeleton these are caused by bleeding into joints, within
bony structures and beneath the periosteum. Frequent repetition
of' such episodes, particularly at an early age, increases their
severity.

Intra-articular haemorrhage In the early stages of the disease.
the soft-tissue distension of a joint due to a haemarthrosis cannot

be distinguished radiologically from a frank traumatic or inflam-
matory synovial effusion. Frequent repetition of haemorrhagic
i ncidents results in synovial thickening and articular erosions.
Initially these erosions tend to be marginal in distribution. At the
same time the bony structures near an affected joint are likely to
become porotic, partly through disuse, but particularly through
persistent hyperaemia associated with organisation of the
haeniarthrosis. This latter factor, as with hyperaemia of any other
cause, commonly causes enlargement of the growing epiphyses
( Fig. 41.55). Such epiphyses may become abnormal in shape and
often fuse prematurely. Differentiation from a chronic inflanuna-
tory synovitis, particularly tuberculous, may present radiological

difficulty. The trabecular pattern of the hone becomes coarse and Fig. 41.55 Haemophilia. The former epiphyses are disproportionately
often has a lattice appearance. Secondary degenerative changes large, presenting a 'squared' appearance. Hyaline cartilage thickness at the
develop prematurely (Fig. 41.56). ankle joint is reduced.



Fig. 41.57 (A,B) Haemophilia. Repeated intra-articular haemorrhages
have caused overgrowth of the epiphyses, particularly the head of the
radius. The joint capsule is distended and the synovium is amorphously
dense due to the deposition of haemosiderin from recurrent haemarthroses.
A subarticular cyst is present in the olecranon fossa, and degenerative
changes, in the form of hyaline cartilage thinning and osteophyte forma-
tion, are present.

Fig. 41.56 (A,B) Haemophilia. Typical appearances in an adult patient
subject to recurrent haemarthroses since childhood. As well as the
enlarged, squared appearance of the former epiphyses, hyaline cartilage
width is reduced, and osteophytes are present due to secondary
osteoarthritis. Areas of radiolucency within medullary bone probably repre-
sent old intraosseous haemorrhages.

of the soft tissues. Relation to a former traumatic incident may
occasionally he established. Absorption of the underlying cortex
and medulla with elevation of the periosteal margins results
i n an appearance that may be highly suggestive of a malig-
nant hone tumour. Calcification is not uncommon within the
space-occupying lesions. A diagnostic clue, however, may be
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Fig. 41.58 Haemophilia. Sagittal T,-weighted image showing loss of
hyaline cartilage over the medial compartment and very low signal intensity
synovium due to haemosiderin deposition.

provided by evidence in an adjacent joint of a haemophiliac

arthropathy. Failure to appreciate the nature of this entity, never-

theless, has resulted in iatrogenic disasters by inappropriate

treatment.

The diagnosis of haemophilia is likely to be made clinically, but

the radiologist must be aware of its skeletal manifestations, includ-

i ng not only the typical arthropathics and bone cysts, but also and

i mportantly the rare haemophiliac pseudotumours.
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Fig. 41.59 Haemophiliac
pseudotumour. A huge destruc-
tive lesion in the tibia, with rel-
atively well-defined margins, is
associated with some periosteal

reaction. Although an initial
i mpression may be of a malig-

nant tumour, changes of
haemophilic arthropathy can
be seen in the knee and ankle.
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Single photon and X-ray absorptiometry
Single photon absorptiometry (SPA) was introduced in the 1960s
and was superseded by the introduction of single X-ray absorptiom-
etry (SXA). Both methods make a quantitative assessment of bone
mineral content (BMC) at peripheral sites of the skeleton (e.(,,
distal, radius, calcaneus). A highly collimated photon beam forms a
radioactive source or a small X-ray tube is used to measure
i mproved attenuation at the measurement site. Placing the radio-
active source with an X-ray tube has improved the precision and
spatial resolution of the systems. The problem with this method is
that separate measurements of trabecular and cortical bone are not
possible. There is also some question whether bone mineral content
of the appendicular skeleton correlates with peripheral hone

mineral density.

Dual photon and X-ray absorptiometry
Dual photon absorptiometry (DPA) technique uses a gadolinium-
1 53 source, which emits photons at different energy levels, allow-
ing deterioration between soft tissue and bone. This method
has been replaced by dual X-ray absorptiometry (DXA) where
the radioactive source is replaced by an X-ray beam. DXA
measurements are mainly performed at the lumbar spine, prox-

i mal femur and whole body, but can be used for assessment at
peripheral sites such as the forearm and calcancus. Using the
current generation of DXA systems, images may he obtained in
about 2 minutes and there is a sufficiently high resolution to
measure geometrical features as well as hone mineral density
(BMD). Radiation doses are very low and precision errors are
small. The range of these errors is 1-1.5 14 for the lumbar spine,
2-3%: for the lateral spine, 1.5-3 %% for the femoral neck and I % for
the total body and forearm scanning. DXA of the lumbar spine hip
can predict osteoporotic vertebra and proximal femur fractures and
these measurements show age-related changes as well as response
to therapy. DXA bone mineral density readings may be elevated

in patients with aortic calcifications, osteophytes and disc space
narrowing.
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Radiographic absorptiometry
Radiographic absorptiometry (RA), also known as photodensitome-
t y, was one of the first quantitative techniques used to assess tra-
hecular and cortical hone mass. Although, it is an inexpensive and
readily accessible technique, it is characterised by high-precision
errors of about 9-10%. Computer-assisted methods have reduced
operator errors and improved precision. Accuracy error is about
4.5(/ and it is suitable for measurements of the hone mineral
density of the phalanges and metacarpals.

I n general, metabolic hone disease affects the skeleton in one of
two ways: there is either too much or too little calcified hone. The
l atter change, which comprises the majority of metabolic bone
disease, is due either to a decrease in the amount of hone formed, or
to excessive resorption of hone. In turn this may he due to a variety
of causes but most commonly to abnormalities of vitamin D and
calcium metabolism, which in turn arise from abnormality of diet or
renal function, endocrine abnormalities (particularly of the para-
thyroid gland), drug therapy or poisoning.

For the most part metabolic processes involve the skeleton as a
whole. The radiographic changes of metabolic bone diseases are
therefore predominantly diffuse or at least multifocal, involving
many areas of the skeleton, although on occasion isolated lesions
may be found, such as brown tumours in hyperparathyroidisill.
Another feature of metabolic bone disease is the tendency to
involve specific locations, and to be symmetrical in the body, as
seen in the 'Looser's zone's' of osteomalacia (see below).
Radiographic evaluation of metabolic disease, and in particular the
evaluation of changes in bone density, is difficult, as up to 40% of
hone mass has been devised for the measurement of bone density.
The more important ones are described below.



densitometric assessment of the hip, the complex architecture of
which hinders assessment using single-slice approaches. An
approach recently developed for assessment of the proximal femur
analyses the three-dimensional (3D) architecture of the hip and uses
anatomical features to place 3D regions of interest in the trabecular
femoral neck and trochanteric regions with excellent precision.
Using this type of approach, it is not only possible to obtain serial
data. but it is also possible to examine the regional variation in bone

density.

High-resolution MRI
I n applications in osteoporosis, high-resolution MRI may he
employed to depict changes in trabecular structure at several sites in
the peripheral skeleton. For the distal radius, in-plane image resolu-
tions of 156 pm can be obtained using a standard 1.5-tesla inmager.
Although this resolution is significantly higher than that of high-
resolution spinal CT, there is partial volume averaging and the result
i s still dependent on the thresholding process used. A recent study
has shown that apparent histomorphometric parameters show age-
related changes, modest correlations to bone mineral density, and
significant differences between osteoporotic and age-matched
normal subjects.

Quantitative ultrasound
Ultrasound properties are primarily assessed in calcaneal trabecular
hone. Two parameters are assessed: speed sound (SOS) and broad
band ultrasound attenuation (BUA). SOS is a measure of the transmis-
sion velocity in the hone where BUA reflects the frequency depen-
dence of the ultrasound attenuation. Calcaneal ultrasound is
significantly but modestly correlated with hone mineral density
assessed at the calcaneous and other sites. Its role may be in providing
structural information independent of bone mineral density and
bone strength The advantage of ultrasound devices is that they are
compact, inexpensive and free of ionising radiation. It is generally
believed that quantitative ultrasound is affected by both the material
and structural properties of bone, i.e. the number, orientation and con-
nectivity of the trabecular. The calcaneus, precision for SOS and BUA
arc in the range of 0.59% and 1.59r and 0.9(/( , i s 6.3 14 respectively.
I nformation provided by this technique should he used to complement

i nformation obtained on bone mineral density.

CT and high-resolution MRI
Using CT and MRI, it is possible to obtain three-dimensional
i mages at a range of skeletal sites with direct examination of trabec-
ular and cortical properties. These systems allow for assessment of
factors other than bone mineral density, such as trabecular structure
and cortical -eometry, which are determinates of bone strength.

Spinal quantitative CT
Standard body CT scanners with slices of 5-10 mm are obtained Biochemical findings in metabolic and endocrine disease of the

through the midvertehral body and a region of interest placed inside bone are variable, but can be extremely helpful in making the diag

the metabolically active vertebral trabecular hone. Quantitative CT nosis. They are summarised in Table 42.1.

( QCT) is widely employed for assessment for osteoporosis, as it can
assess trabecular bone mineral density which is important for verte-

bral strength. Peripheral QCT are also table-top available for the
assessment of the distal radius. Radial measurements are taken in tra- Vitamin D is derived from the diet, and as a result of the action of

becular, integral and cortical regions of interest, and they can measure ultraviolet light on the skin. After hydroxylation of cholecalciferol in

the radial area of cortex. It is an expensive way to assess peripheral the liver, further hydroxylation occurs in the kidney to generate the

hone density and its correlation with central (axial) bone density is active form of vitamin D, 1,25-dihydroxycholecalciferol (1,25
questionable. DHCC), which has several modes of action. In bone, homeostasis is

maintained by two effects of 1,25 DHCC: mobilisation of calcium
Volumetric QCT and phosphorus, and promotion of mineralisation and maturation.
Volumetric QCT approaches have been developed for improved The former requires the presence of both 1,25 DHCC and para-
precision for assessment of the spine and, more importantly. for thormone. Also, 1,25 DHCC absorption of calcium and phosphorus

Table 42.1 Laboratory changes in metabolic bone disease

Urine levelsSerum levels

Calcium Phosphorus Alkaline Urea or Calcium Hydroxy praline

phosphotase creatinine

Osteoporosis

Hyperparathyroidism

Primary

Secondary

Tertiary

Hypoparathyroidism

Pseudohypoparathyroidism

Hyperthyroidism

Rickets/osteomalacia

Vitamin D deficiency

Vitamin D refractory

Hypophosphatasia



This condition is usually inherited in a dominant sex-linked fashion.
Affected women pass the disease on to half of their sons and daugh-

Box 42.1 Malabsorption states causing osteomalacia

Crohn's disease
Celiac disease
Lymphoma
Amyloidosis
Small bowel fistula
Postoperative states (bowel resection)
Hepatobiliary disease

There are many causes of rickets in childhood. In general, however,
the radiological features are similar, although varying in severity
and location. The skeletal effects arc due to a lack of calcification
of osteoid. Consequently the most obvious changes are at the meta-
physis, where the most rapid growth is occurring. The initial abnor-
mality is a loss of the normal 'zone of provisional calcification'

Rickets and osteomalacia are the same basic disorder, occurring in
children and adults respectively. The pathological changes result

from an interruption of development and, in particular, mineralisa-
tion of the growth plate in the developing skeleton, or from lack of
mineralisation of ostcoid in the mature skeleton. They occur as a

result of a lack of the actions of vitamin D, which in turn may be
due to dietary lack, lack of production by the body, failure of
absorption or defective metabolism. In practice, as the body can
normally generate sufficient vitamin D when there is adequate
ultraviolet light, nutritional deficiency only occurs when there is a
dietary lack together with too little exposure to ultraviolet light. Fig. 42.1 Rickets. There is obvious 'fraying' of the visible metaphyseal
This is most commonly seen in black-skinned immigrants who margins.
make their homes in the colder and less sunny areas of Northern
Europe. It may also occur in the neglected elderly, particularly in Fig. 42.2 Rickets. There is splaying of all of the visible me ch yses, with

widening of the epiphyseal plates. In addition, there is so aracteristic
l arger cities in the higher latitudes, bowing of the femora and bones of the lower leg.

Malabsorption states, including Crohn's disease and scleroderma,
can result in osteomalacia (Box 42.1). Liver disease, whether ductal

or hepatocellular, is also a cause of' osteomalacia, although osteo- adjacent to the metaphysis, although usually by the time radi-

p i cally. The osteomalacia of liver ographs are obtained, significant metaphyseal abnormality is seen.orosis is also found histolog
disease is multifactorial, but appears largely due to malabsorption This begins as an indistinctness of the metaphyseal margin, pro-

of vitamin D. as bile salts are necessary for vitamin D absorption in gressing to a 'frayed' appearance with a widening of the growth

micelle form. In coeliac disease, the small bowel is less responsive plate. due to lack of calcification of metaphyseal bone (Fig. 42.1).

to the action of vitamin D in calcium transport. Weight-bearing and stress on the uncalcilied hone give rise to

Drug therapy may produce osteomalacia, particularly long-term splaying, and cupping of the metaphysis and distortion of the bone

anticonvulsant therapy (phenytoin/dilantin). A similar effect has architecture (Fig. 42.2).

also been reported with rifampicin and glutethimide. A similar but less marked effect occurs in the subperiosteal layer,

Finally, many toxins have been found to cause osteomalacia by which may cause lack of distinctness of the cortical margin.

causing tubular damage and phosphate deficiency. These include Eventually a generalised reduction in bone density is seen, and in

aluminum hydroxide, magnesium sulphate and cadmium, the latter longstanding cases fractures may occur. Looser's zones are not seen

being associated with alkaline battery manufacture, or the painful as often as in osteomalacia (see below). In the epiphysis, there may

condition of 'itai-ital' (ouch, ouch) reported in Japan in patients he some haziness of the cortical margins.

drinking cadmium-polluted water. With treatment, mineralisation occurs, giving rise to a dense white
line at the zone of provisional calcification adjacent to the metaph-
ysis, but becoming contiguous with the metaphysis during the
healing process. In cases of intermittent dietary vitamin deficiency,
or inadequate treatment, the metaphysis will show patchy sclerosis.
In severe cases of rickets additional deformities of the bones occur,
with bowing of the long hones (particularly of the lower limbs)
(Fig. 42.2), thoracic kyphosis with a `pigeon chest', enlargement of
the anterior ribs, causing the 'ricketic rosary' (Fig. 42.3), and
bossing of the skull. Rickets may he seen in low-birthweight and
premature infants, and may be severe, causing spontaneous fractures
and respiratory difficulty. Affected infants are usually below 1000 g
i n weight, or less than 28 weeks' gestation.

is promoted in the intestines. In addition, it affects the kidney, both
directly, on proximal renal tubular function, and indirectly, by stimu-
lating production of relatively inert 24,25 dihydroxycholecalciferol,
which has a negative feedback effect, limiting 1,25 DHCC produc-
tion. Finally, there are receptors in other organs, particularly the pitu-
itary, placenta and breast, which are thought to reflect the increased
demand for calcium during growth, pregnancy and lactation.
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This refers to the changes resulting from vitamin D deficiency in the
mature skeleton. Bone pain is a frequent complaint. Serum alkaline
phosphatase is elevated, and serum phosphorus is low. The hallmark of
osteomalacia is the pseudofracture or 'Looser's zone'. This is a narrow
zone of lucency, usually running perpendicular or nearly perpendicular
to the bone cortex (Fig. 42.5). Initially poorly defined, these zones
become progressively more prominent, with sclerotic margins

(Fig. 42.6). They are generally accepted as occurring at sites of stress
as subclinical stress fractures that are repaired by unossified osteoid.
They are frequently bilateral and symmetrical, and occur at regular
sites (Fig. 42.7) such as the pubic rami, proximal femur (Fig. 42.8),
scapula (Fig. 42.6), lower ribs and ulna (Fig. 42.5). Osteopenia devel-
ops with 'pencilling-in' of the vertebral bodies, and loss of vertebral

height in a characteristic `codfish vertebra' pattern (Fig. 42.9).
Bowing of the long bones may occur. Compression wedge frac-

tures of the vertebra are less common than in osteoporosis. The
histopathology of osteomalacia is characteristic, with excessive
osteoid and/or failure of ossification of new bone.

Hypophosphatasia
Inherited as an autosomal recessive trait, this rare disorder presents
with a radiographic picture which varies from a mild to a very

Fig. 42.3 Rickety rosary. Widening of the anterior ribs is clearly demon-
strated (arrows). The classic metaphyseal changes of rickets are also seen in
the proximal humeri.

ters, while affected men pass the disease on to none of their sons
and half of their daughters. The disease is similar to rickets in radi-
ographic appearance, but it is refractory to vitamin D therapy, and
growth retardation may be marked. The radiographic changes are
variable from mild to severe, and may be similar to the metaphyseal
dysplasia of the Schmid variety (see Ch. 35).

Acquired hypophosphataemic rickets
Rarely, hypophosphataemia has been seen in association with
tumours of bone or soft tissues, frequently fibrous in origin. It has

also been reported in association with prostatic carcinoma, and oat
cell carcinoma of the lung, and a similar condition has also been
reported with other conditions, for example neurofibromatosis,
fibrous dysplasia.

A variety of renal dysfunction syndromes produce rickets and osteo-

malacia. These include hypercalcaemia, renal phosphate loss and
secondary hypophosphataemia, amino aciduria and renal tubular aci-
dosis. In renal tubular acidosis affected patients demonstrate
retarded growth and short stature. As well as the changes of osteo-
malacia, nephrocalcinosis and nephrolithiasis are seen (Fig. 42.4).

Fig. 42.4 Renal tubular acidosis. The combination of nephrocalcinosis
and osteomalacia (Looser's zone-arrow) in the right 11th rib is characteris-
tic, although symptomatic bone disease affects only a minority of patients.
(Courtesy Dr. Dl Stoker and Institute of Orthopaedics.)

Fig. 42.5 Looser's zone. The characteristic lucency of the mid ulna is seen.

Fig. 42.6 Looser's zone. There is lucency with surrounding sclerosis in
the lateral border of the scapula-a common site.



Fig. 42.7 Sites of incidence of Looser's zones in osteomalacia. In a group
of middle-aged and elderly patients with dietetic osteomalacia. (Courtesy of
Dr D. J. Stoker and Institute of Orthopaedics.)

Fig. 42.10 Hypophosphatasia. In this child metaphyseal ossification is
delayed in the ulnae while the distal radii contain islands of non-ossified
tissue. (Courtesy of Dr D. J. Stoker and Institute of Orthopaedics.)

metaphysis is seen, with uncalcified osteoid extending into the

metaphysis (Fig. 42.10). Craniostenosis and nephrocalcinosis may

occur, and deformities, particularly of the distal phalanges and tibia,

are seen.

Fig. 42.8 Looser's zones. Symmetrical lucencies are seen involving the
medial cortex of the proximal femur bilaterally-another characteristic site.

severe form of rickets, depending upon the age of onset, the neo-

natal variety being most severe, and generally lethal. There is a low

serum alkaline phosphatase, and increased urinary phos-

phoethanolomine. In severe cases an exaggerated fraying of the

Fig. 42.9 Osteomalacia. Marked
biconcavity of the vertebral bodies
(codfish vertebrae). (Courtesy of
Dr D. J. Stoker and Institute of
Orthopaedics.)
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Familial hyperphosphataemia
This extremely rare condition of autosomal recessive inheritance
presents in early infancy. The radiographic appearance is similar to
that of Paget's disease, but occurring in infancy and demonstrating
more symmetry; the conditions however are unrelated. The skull
vault is thickened and the long bones are tubular, enlarged and
bowed, but with cortical irregularity (Fig. 42.11). Serum alkaline
phosphatase is elevated.

Fibrogenesis imperfecta ossium '

This rare disorder presents with coarsening of the trabecular pattern
of the bones, and in particular the ends of the long hones. Multiple
fractures are seen. Serum alkaline phosphatase is elevated.

Axial osteomalacia
This rare condition is characterised by a coarsening of the bony tra-
beculae, similar to that seen in fibrogenesis imperfecta ossium, but
only involving the vertebra, pelvis and ribs. Histologically osteoma-
l acia is found, but serum alkaline phosphatase levels are normal.

Fig. 42.11 Familial hyperphos-
phataemia. (A) The femur is abnor-
mal with some bowing, increased
width, and prominent but irregular
cortex, somewhat resembling
Paget's disease. (Courtesy of
Dr C. S. Resnik.) (B) The radio-
logical appearances in this child
are diagnostic. The bones are
widened with loss of differentiation
of cortex and medulla. A coarse
trabecular pattern and bowing are
also evident. Again, these features
resemble those of Paget's disease.
(Courtesy of Dr D. J. Stoker and
I nstitute of Orthopaedics.)

Vitamin C deficiency leads to a deficiency in the formation of bone
matrix, as it is necessary for the formation of hydroxyproline,
which is vital for collagen. About 90% of the matrix of mature bone
is collagen, and hence a lack of collagen will have a severe effect
on bone formation. In childhood, this gives rise to scurvy. The adult
counterpart is osteoporosis.

Scurvy
Scurvy is rare before 6 months of age since the storage of vitamin C
i n the neonate is generally adequate. Children present with limb pain
and irritability. Radiographically, four characteristic signs are seen:
(i) the epiphysis is small, and sharply marginated by a sclerotic rim

(Wimberger's sign) (Fig. 42.12); (ii) the zone of provisional calcifi-
cation at the growing metaphysic is dense, giving a white line
( Frankel's line); (iii) beneath this is a lucent zone, due to lack of
mineralization of osteoid (Trumerfeld zone); (iv) finally, as this area
is weakened, it is prone to fractures which manifest themselves at
the cortical margin, giving rise to (Pelkan's) spurs (Fig. 42.13).

In addition, due to capillary fragility, suhperiosteal haemorrhages
occur (Fig. 42.13), which may give rise to periosteal elevation and
subsequent new bone formation, particularly following treatment.
This dense periosteal new bone should be differentiated from that
found in battered infants.

Following treatment, dense bands of bone may be left, resem-
bling growth arrest lines.

Osteoporosis is the most frequent metabolic bone disease, and is
due to a decrease in bone mass. It is the result of many underlying
causes (Box 42.2). In general, the loss of bone mass gives rise to
i ncreased incidence of fractures, particularly in the femoral neck,
spine (compression fractures), distal radius and pubic symphysis.
In osteoporosis the microstructure of the bone is normal, but the
quantity of bone is diminished. This eventually gives rise to a clear
loss of bone density, radiographically best described as osteopenia.
This radiographic appearance of generalised osteopenia however is



Osteoporosis
Osteomalacia
Hyperparathyroidism
Neoplasia (particularly multiple myeloma)

I mmobilisation
Post-fracture
Sudeck's atrophy
Arthritis
I nfection

not specific to osteoporosis and can be seen in a variety of condi-
tions (Box 42.3). In addition there are many conditions that can
give rise to localised osteopenia (Box 42.4).

In osteoporosis trabecular loss is most evident radiographically
in the spine, where there is a loss of density, which may be appreci-
ated as 'pencilling in' of the vertebra by the more radiographically
dense end-plates (Fig. 42.14). Biconcave vertebral bodies (cod-fish
vertebrae) may occur. In the femoral neck the osteopenia is mani-
fested by an apparent increase in density of the residual trabecula
(Fig. 42.15). Endosteal and intracortical resorption of bone is
prominent, producing cortical thinning most evident in the appen-

dicular skeleton.

Postmenopausal and senile osteoporosis (involutional

osteoporosis)
Postmenopausal osteoporosis occurs in women typically aged
50-65. There is a disproportionate loss of trabecular bone, giving
rise to rapid bone loss, and a proportionate increase in fractures,
particularly of the vertebrae and distal radius. In the vertebra, loss
of height and anterior wedging occur, which may lead to a marked
kyphotic deformity (Fig. 42.14). The changes of osteoporosis have
been linked to reduced oestrogen levels, although additional factors
such as skeletal size, level of activity, nutritional status and genetic
determinants have been proposed. In general, once osteoporosis is
established, oestrogen therapy does not affect the radiographic
density of the bone. Blood chemistry is usually normal, although
urinary hydroxyproline levels may be elevated in the acute stage.

Senile osteoporosis differs from postmenopausal osteoporosis in
that there is proportionate loss of cortical and trabecular bone.
Fractures occur most commonly in the femoral neck, proximal

humerus, tibia and pelvis. There is no dramatic increase in bone
loss in the postmenopausal stage, and patients tend to be older. The
ratio of affected women to men is approximately 2: I. The aetiology

i s uncertain, but reduced intestinal absorption, diminished adrenal
function and secondary hyperparathyroidism may play a role.

Fig. 42.12 Scurvy. The margins of the epiphyses are sclerotic (Wimberger's
sign). There is a narrow epiphyseal plate, with increased density of the zone
of provisional calcification (Frankel's line). The lucent zone beneath this is due
to lack of mineralized osteoid (Trumerfeld zone).

Fig. 42.13 Scurvy. Subperiosteal haemorrhage has elevated the periosteum.
The healing stage shows marked periosteal new bone formation. The meto-
physeal lucency (Trumerfeld zone) is again visible, as is Pelkan's spur, at the
medial border of the proximal tibial metaphysis.

Age-related conditions (senile and postmenopausal states)
Deficiency states
Malnutrition
Calcium deficiency
Scurvy
Drugs
Steroids
Heparin
Metabolic
Hyperthyroidism
Hype rparathyroidism
Cushing's disease
Acromegaly
Pregnancy
Diabetes mellitus
Hypogonadism
Alcoholism
Chronic liver disease
Anaemias
Idiopathic

This disorder is a rare self-limiting disease that affects both sexes
and occurs typically before puberty. Patients present with bone
pain, backache or limp related to fractures, characteristically of the
metaphysis of the long hones with minimal trauma. Compressions
of the vertebrae with kyphosis may result. The diagnosis is one of
exclusion, particularly from leukaemia, lymphoma and hypercorti-
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Fig. 42.14 Postmenopausal osteoporosis. Serial films in this patient show the progressive development of kyphosis as a result of anterior wedging of the
thoracic vertebral bodies during the course of 6 months. (Courtesy of Dr D. J. Stoker and Institute of Orthopaedics.)

constant findings, and the condition may be an acquired defect in
bone metabolism. Again, this is a diagnosis of exclusion.

Abnormality of function of the adrenal, pituitary and thyroid
glands, hyperfunction of the parathyroids and hypofunction of the
pancreas and gonads have all been linked with osteoporosis. As
well as osteoporosis, other skeletal abnormalities arc associated
with particular endocrine disorders.

Steroid-induced osteoporosis (Cushing's disease)
(Glucocortical excess may be related to therapy, but can be due to a
number of causes, although it is usually secondary to Cushing's
disease. Histological studies have revealed decreased bone forma-
tion and increased resorption. Biochemically there is a negative
calcium balance and hypercalciuria. Exuberant callus formation at
fractures is seen, particularly in long bones, ribs (Fig. 42.16) and

vertebral bodies. In the latter case, a characteristic increased density
of the end-plates occurs (Fig. 42.17). Avascular necrosis may occur,
particularly of the femoral head. In children, growth may be
retarded. Rib fractures may he multiple, painless and unsuspected.

Hypogonadism
In boys, this results in delayed closure of the epiphyseal plates. As a
result, the patients have long limbs in relation to their trunks. A similar
hypogonadal disorder in girls (Turner's syndrome) results in short
stature, increased carrying angle at the elbow, a short fourth metacar-
pal and changes of Blount's disease at the knee. Congenital cardiovas-
cular anomalies also occur, most commonly coarctation of the aorta.

Fig. 42.15 Osteoporosis. In this patient, resorption of the secondary tra-
beculae has left the primary trabeculae to delineate the lines of stress within
the femoral neck.

costeroid states. Another radiographic diagnostic consideration is
osteogenesis imperfecta (see Ch. I ), as this also presents with
diffuse osteoporosis and multiple fractures. Blood chemistry is
normal.

I diopathic male osteoporosis
A number of male patients present with generalised osteopenia
befcre the age of 60. No definite predisposing factors have been
found. Hypercalciuria and increased calcium absorption seem to be



Fig. 42.16 Cushing's disease. Excessive callus formation is seen at multi-
ple fracture sites in the ribs. The patient had functional adrenal carcinoma.

Fig. 42.18 Thyroid acropachy. A dense periosteal reaction is seen along
the first metatarsal. Although this can occur in any of the digits, the first is a
characteristic site.

Fig. 42.17 Cushing's disease. Generalised reduction in bone density sim-
ulates postmenopausal osteoporosis in this patient. The compression frac-
ture of the superior border of the body of L4 has characteristically produced
dense callus. This feature is almost, but not entirely, pathognomonic of
glucocorticosteroid excess. (Courtesy of Dr D. J. Stoker and Institute
of Orthopaedics.)

first metacarpal or metatarsal (Fig. 42.18). II must be distinguished
from hypertrophic osteoarthropathy, which is also found in the
extremities (Figs 42.19, 42.20), but is usually exquisitely painful.
Exophthalmus and pretibial myxoedema are frequently present.
Rarely, hyperthyroidism appears in childhood, when accelerated
skeletal maturation occurs.

Hypothyroidism
Although it is not associated with osteoporosis, it is appropriate to
discuss this condition at this point. In children, skeletal maturation

i s delayed and growth is retarded. Epiphyses are late in appearing

( Fig. 42.21) and fragmented, although when they do appear, the
sequence is normal. This may cause an appearance in the hip that

Hyperthyroidism must be differentiated from (Legg) Perthes' disease. Wormian bones

In hyperthyroidism, a generalised osteoporosis may be seen. There are seen in the skull, and the sella is either small and bowl-shaped

is an increased metabolic ratio, with an increase in both bone for- (young children), or of large rounded `cherry sella' configuration

mation and resorption. Increased cortical striations of the long (older children). The paranasal sinuses arc underdeveloped. In the

bones are seen. Thyroid acropachy is a rare condition which spine, bullet-shaped vertebral bodies are seen, especially at the tho-

usually follows therapy for previous hyperthyroidism or occurs in racolumbar junction, where kyphosis may develop. All the long

patients who have been on thyroid for many years. There is a char- bones are short. In the pelvis the incidence of slipped capital

acteristic periosteal thickening in the extremities and particularly femoral epiphysis is increased, and the pelvis itself is often narrow,

i n the hands, although it can be seen in the feet. In the extremities, with coxa vary deformities. In the adult the changes are exaggerated

the commonest and most characteristic site of involvement is the (Fig. 42.22).
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Fig. 42.21 Cretinism. Marked skeletal retardation was present in this 12-
month-old child. Note that the carpal and proximal femoral centres have
not yet appeared. (Courtesy of Dr D. 1. Stoker and Institute of
Orthopaedics.)

Fig. 42.19 Hypertrophic (pulmonary) osteoarthropathy. There is marked
periosteal reaction along most of the visualised bones, with, in addition,
some periarticular osteoporosis, most likely secondary to disuse, resulting
from the severe pain experienced in this condition.

It is questionable whether acromegaly is a cause for true osteoporosis.
It will however he included in this section. Gigantisnm in the immature
skeleton, and acromegaly in the adult, result from excessive growth
hormone production by an eosinophilic adenoma. The radiographic
features of acromegaly include enlarged mastoid air cells and sinuses,
frontal bossing and prognathism (Fig. 42.23). Pituitary fossa enlarge-
ment may be seen on the plain film (Fig. 42.23), although CT or MRI
are more helpful in evaluating for a pituitary adenoma (see Ch. 58). In
the spine, enlargement of the vertebral bodies with posterior scallop-
i ng is seen (Fig. 42.24). The hands show characteristic enlargement of
the bones and soft tissues with spade-like terminal tufts, or arrowhead
distal phalanges (Fig. 42.25). Widening of the joint spaces due to
overgrowth of articular cartilage may be seen. The feet show evidence
of increased thickness of the heel pads, although this is no longer
regarded as an infallible sign of acromegaly (Fig. 42.26). The long
bones of the feet are elongated, although the feet usually remain
slender. Prominence of muscle attachments, and premature or exag-
gerated degenerative change may be seen (Fig. 42.27). Calcification
of the pinna of the ear occurs. Chondrocalcinosis has been reported as
a rare variation, although crystal arthropathy has been suggested as
the underlying cause by some authors.

Hypoparathyroidism
Rarely, osteoporosis is seen in patients with hypoparathyroidism.
The most common cause for hypoparathyroidism is parathyroid

gland removal at thyroid surgery, or '
31

1-labelled thyroid therapy.

Fig. 42.20 Hypertrophic osteo-
arthropathy: periosteal reaction is
identified along the medial aspect
of the distal femur.



Fig. 42.23 Acromegaly. The frontal sinuses are markedly enlarged, and
there is frontal bossing. A double floor is seen in the pituitary fossa with
' ballooning'.

Rarely it can result from excessive therapeutic radiation, haemor-
rhage, infection, tumour deposition in the thyroid gland or iron
deposition in iron overload conditions. Idiopathic hypopara-
thyroidism, either autoimmune or familial, can occur without
atrophy of the glands. It is associated with a variety of endocrine
and immune deficiency states including Addison's disease, ovarian
dysgenesis, hypothyroidism and chronic mucocutaneous candidia-
sis. Circulating antibodies to the parathyroid, thyroid and adrenal
glands have been found. Calcium deposition in the basal ganglia
occurs and osteosclerosis, particularly of the pelvis, inner table of
the skull, proximal femur and vertebral bodies can be seen, as well
as abnormal tooth development. Serum calcium is low, and phos-
phate diuresis follows parathormone administration.

Pseudohypoparathyroidism
This is inherited in a dominant fashion and is characterised by
hypocalcaemia and hyperphosphataemia which arc unresponsive to
parathormone. The parathyroid glands are normal, but there is 'end-

Fig. 42.24 Acromegaly. The vertebral bodies show bony overgrowth.
Mild posterior scalloping is also seen at several levels. (Courtesy of Dr. C. S.
Resnik.)

organ' resistance to parathormone. This may be due to a defect in
the adenyl-cyclase-cyclic AMP system in the renal tubules and

bones. Basal ganglia calcification is more common than in idio-
pathic hypoparathyroidism. Short metacarpals are seen, particularly
the fourth and fifth (Fig. 42.28). Abnormal dentition is also seen,
with hypoplasia and cranial defects, and there may he calcification
in the connective tissues of the skin, ligaments, tendons and fascial
planes. Coxa vara, coxa valga, cone-shaped epiphyses and bowing
of long bones are also reported. Secondary hyperparathyroidism is

a feature of this disorder.

Pseudopseudohypoparathyroidism
This condition presents with the same clinical and radiographic
appearances as pseudohypoparathyroidism, but with normal blood
chemistry.

Fig. 42.22 Adult cre-
tinism. This 39-year-old
man received no therapy
until 4 years before this
fil m was obtained. Coxa
vara is present, while
the femoral heads are
deformed and irregularly
ossified in the absence of
thyroid hormone during
development. (Courtesy
of Dr D.J. Stoker and
I nstitute of Orthopaedics.)
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Fig. 42.25 Acromegaly. There is obvious enlargement of the soft tissues
and phalanges with prominent joint spaces due to increased cartilage thick-
ness. The distal phalanges show the characteristic 'arrowhead' configuration.

Fig. 42.27 Acromegaly. There is overgrowth of the bone in the iliac
crests and irregular bony prominence of the sites of muscle attachments
throughout the pelvis.

Fig. 42.28 Pseudohypoparathyroidism. A markedly short fourth
metacarpal bone is seen. Although not specific for pseudohypoparathy-
roidism, this is a characteristic finding. (Courtesy of Dr C. S. Resnik.)

surements confirm bone mineral loss in approximately 50% of
cases. More advanced cases demonstrate bone density loss, and
sometimes a ground-glass appearance.

Subperiosteal erosion of bone, particularly along the radial aspect
of the middle phalanx of the middle and index finger, is virtually
pathognomonic (Fig. 42.29), although fine-grain film or magnifica-
tion views may be required to detect it. Other sites include the
medial aspect of the proximal tibia (Fig. 42.30), femur and
humerus, and the ribs. Loss of the lamina dura around the teeth
occurs, although this is not specific for hyperparathyroidism.

Fig. 42.26 Acromegaly. There is marked prominence of the soft tissues of
the heel pad which measures approximately 35 mm.

Hype rparathyroidism
This condition is divided into the primary, secondary and tertiary
forms. In the primary form, increased hormone production occurs
as a result of parathyroid adenomas (75%), hyperplasia or carci-

noma. It occurs most commonly in middle-aged and elderly people,
and is more common in women (2:1). Symptoms include weakness,
l assitude, constipation, polydypsia, polyuria, peptic ulceration,
renal calculi and psychiatric problems. Radiographically, bone
rcsorption is seen, and although frank osteopenia is difficult to
detect radiographically in early cases, bone mineral content mea-



Fig. 42.29 Hyperparathyroidism. There is marked subperiosteal resorp-
tion of the radial aspect of several of the phalanges and erosion of the tufts.

Fig. 42.32 Hyperparathyroidism. Intracortical bone resorption is seen, with
multiple small oval lucencies within the cortical bone. A brown tumour is seen

in the proximal femur.

Fig. 42.33 Severe disuse osteoporosis. There is marked intracortical bone

resorption, particularly evident in the tibia.

turnover, and is also seen in other conditions, such as hyperthy-

roidism, osteomalacia and acute (focal) osteoporosis (Fig. 42.33).

Loss of the corticomedullary junction may occur with a 'basket-

Subchondral bone resorption is another common occurrence,

being found at the distal and sometimes proximal end of the clavi-

cle (Fig. 42.31), symphysis pubis and sacroiliac joints. This may

also occur at the vertebral end-plates, which may permit disc herni-

ation (Schmorl's nodes).

Intracortical hone resorption is another feature of hyperparathy-

roidism, resulting from osteoclastic activity within the Haversian

canals. This gives rise to small (2-5 mm) oval or cigar-shaped Iucen-

cics within the cortex (Fig. 42.32). This is a feature of rapid bone

Fig. 42.31 Hyperparathyroidism. There is subperiosteal erosion of the
distal end of the clavicle, as well as on the inferior surface at the site of the
attachment of the coracoclavicular ligament.
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Fig. 42.34 Hyperparathyroidism. 'Pepper-pot' skull. There are multiple
characteristic lucencies throughout the skull.

Fig. 42.35 Brown tumour of hyperparathyroidism. There is a well-
defined, lytic, mildly expansive lesion of the proximal humerus.

work' appearance to the cortex. In the skull, a characteristic granular
or mottled appearance may occur, giving rise to the so-called
pepper-pot' or 'salt-and-pepper' (USA) skull (Fig. 42.34).

Subligamentous resorption occurs at sites of ligament or tendon
i nsertions, and is seen in the ischial tuberosity, greater and lesser
trochanters, inferior calcaneus and inferior surface of the distal
clavicle (Fig. 42.31).

Brown tumours are locally destructive areas of intense osteo-
elastic activity. They present as a lytic lesion which may be expan-
sive (Figs 42.33, 42.35, 42.36), and may destroy the overlying
cortex. Pathological fractures may occur. The lesions are generally
well defined, and may he multilocular. Following treatment, they
may resolve, but can persist for many years.

Rarely, an erosive arthropathy may also occur. This usually
involves the hands, wrists and shoulders. It may simulate the
appearance of rheumatoid arthritis, but subperiosteal resorption is
usually a concurrent feature, and the distal interphalangeal joints
are often involved, unlike rheumatoid arthritis. Renal calculi have
been reported in as many as 50% of patients. The majority are

Fig. 42.36 Brown tumour of the mid tibia. The patient was found to
have a parathyroid adenoma.

Fig. 42.37 Renal osteodystrophy. Rugger-jersey spine of renal osteo-
dystrophy. Typical end-plate sclerosis is seen with alternating bands of
l ucency (Courtesy of Dr D. J. Stoker and Institute of Orthopaedics.)

calcium oxalate, although a minority are uric acid stones.
Nephrocalcinosis also occurs, but is less common.

Secondary hyperparathyroidism
Parathyroid hyperplasia involving all of the glands occurs in
response to persistent hypocalcacmia. This can be seen in rickets,
osteomalacia and chronic renal failure. The skeletal changes are
similar to those of primary hyperparathyroidism although brown
tumours are less frequently seen. Nevertheless, as secondary hyper-
parathyroidism is so much more common than primary hyper-

parathyroidism, in practice brown tumours are more commonly



Fig. 42.39 Chronic renal failure: haemodialysis patient. (A) There is an
appearance resembling a Charcot spine, or even infection. (B) A destructive
arthropathy of the shoulder is also seen, without evidence of infection or
neuropathy.

seen as a result of the former. Calcification of arteries and soft
tissues occurs, but is most common in the secondary hyperpara-
thyroidism of renal osteodystrophy.

Chronic renal failure
This can result from numerous diseases, the most common of which
i s glomerulonephritis. Musculoskelctal manifestations arc increas-
ingly recognised, due to improving long-term patient survival,
secondary to haemodialysis. The radiographic appearances fall into
two distinct categories; those associated with renal osteodystrophy

itself, and those relating to aluminum toxicity, amyloid deposition,
crystal deposition, infection and avascular necrosis.

Renal osteodystrophy is of particular interest as it combines the
findings of osteomalacia, hyperparathyroidism and bone sclerosis.
As in hyperparathyroidism, the commonest finding in secondary
hyperparathyroidism of renal osteodystrophy is subperiosteal
absorption, although all manifestations may be seen. The reported
prevalence of osseous resorption has been shown to increase from
1 0% in the early stages of disease, to 50-70% of patients after 3-9
years of dialysis. With improving techniques of haemodialysis,
however, and the use of parathyroidectomy, bone resorption
(excluding subchondral resorption in the hands) often shows
resolution. Calcification of arteries, articular cartilage and peri-
articular tissues also occurs in renal osteodystrophy. Osteo-

malacia is identified predominantly by the presence of Looser's
zones.

Osteosclerosis occurs in 9-34% of patients, and may occasion-
ally be the only manifestation of renal osteodystrophy. It has a
predilection for the axial skeleton, favouring the vertebral end-
plates (`rugger-jersey' spine, Fig. 42.37), the pelvis, ribs and clavi-
cles. It also involves the metaphyses (rarely epiphyses) of long
bones and the skull.

Osteopenia has been reported in up to 85% of patients, and is the
end result of the effects of osteomalacia, bone resorption and a
decrease in bone quantity (osteoporosis). This is due to a combina-
tion of factors including chronic metabolic acidosis, poor nutrition,
azotaemia, steroid use, hyperparathyroidism and low levels of
vitamin D.

In children, metaphyseal changes resembling rickets are seen,
which together with cortical erosions can give rise to the so-called
` rotting fence-post' appearance, particularly at the femoral neck
(Fig. 42.38). Slipped capital epiphyses are also seen as a complica-
tion, most commonly involving the proximal femur.

Other manifestations
A form of arthropathy has been associated with chronic renal
failure, and is seen in patients on long-term haemodialysis. This
consists of changes resembling Charcot joints, but without the
extensive bone debris. The most common sites are the shoulder and
spine (Fig. 42.39). The aetiology is most likely crystal deposition
and amyloidosis.

Aluminium accumulation occurs in long-term haemodialysis

patients, resulting most commonly from the ingestion of aluminium
salts in phosphate-binding antacids used to control hyperphos-
phataemia. The effects are mostly cerebral and musculoskeletal.
Many of the changes are identical to those of osteomalacia, but the
characteristics of aluminium toxicity are lack of osteosclerosis, less
evidence of subperiosteal resorption, avascular necrosis, and more
than three fractures not associated with trauma. The ribs, vertebra,

Fig. 42.38 Uraemic osteodystrophy in childhood. In this child with
chronic renal failure, the combination of rickets and secondary hyper-
parathyroidism affects the skeleton. The femoral metaphysis is irregular and
the capital epiphysis shows considerable displacement. This has been
l i kened to a rotting fence post.
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Heparin, immunosuppressants and alcohol have all been implicated
i n osteoporosis, as well as corticosteroids. The development of
osteoporosis has been reported in patients who receive large doses
of heparin (usually greater than 15 000 units per day), although the
mechanism is uncertain. The activity of mast cells may be an
i mportant factor.

In alcoholics, the cause is not known, but it may well be, at least
i n part, dietary or due to concurrent osteomalacia, secondary to
associated liver disease.

Pregnancy and related conditions
Rarely, osteoporosis may be observed during pregnancy, although

the cause for this has not been determined.

Other causes of osteoporosis
Other causes of generalised osteoporosis included multiple
myeloma, glycogen storage diseases, marrow packing disorders Fig. 42.41 Ochronosis. Gross narrowing of the joint spaces of both hips
such as Gaucher's disease, chronic liver disease, nutritional defi- i s associated with other evidence of severe degenerative disease. The inter-

ciency states, and chronic anaemias. Osteogenesis imperfecta vertebral disc spaces are calcified and narrowed. (Courtesy of Dr D. J. Stoker

exhibits marked osteoporosis, wormian bones, and fractures which and Institute of Orthopaedics.)

heal with marked callus formation (see Ch. 35). Blue sclera and
deafness are also found. Homocystinuria is another cause of connective tissue. The radiographic features are mainly those of
osteoporosis. degenerative disease of the peripheral joints (Fig. 42.41) and calci-

fication of spinal disc spaces (Fig. 42.42). In the spine, advanced

Oxalosis changes may lead to an appearance resembling ankylosing

Primary hyperoxaluria is inherited as an autosomal recessive trait. spondylitis. Although kyphoscoliosis may occur in the spine, in the

The main feature is recurrent urinary calculi, progressing to renal major joints there may be considerable joint-space narrowing

failure. Calcium oxalate deposition in bone and soft tissues occurs without marked osteophyte formation or sclerosis until the later

i n those who survive with dialysis (Fig. 42.40). stages.

Ochronosis (alkaptonuria)
This rare hereditary disorder of tyrosine metabolism is inherited as
an autosomal recessive trait. Due to a lack of homogentisic acid Wilson's disease (hepatolenticular degeneration) is a rare autoso-

oxalate, homogentisic acid accumulates in the tissues, particularly mal recessive disorder of copper metabolism that produces skeletal

hips and pelvis arc the commonest sites, although the extremities,
particularly the long bones, may be involved.

Crystal deposition also occurs in chronic renal failure patients.
The crystals involved are calcium hydroxyapatite (CPPD), mono-
sodium urate and calcium oxalate. These can induce synovitis and
bursitis. Interestingly, however, the typical arthritic changes of
CPPD are unusual.

Osteomyelitis and septic arthritis with bacteria or fungi are well-
recognised complications, particularly after long-term haemodialysis
and transplantation. Predisposing fractures are immunosuppressive
therapy, long-term debilitation, and dialysis, arteriovenous fistulas,
providing an entry site for the organisms.

Avascular necrosis, most likely resulting from steroid therapy, is
common, occurring in up to 40% of patients after renal transplanta-
tion. This most commonly involves the femoral head, although the
humeral head, knee and talus are involved frequently.

Tertiary hyperparathyroidism
This term applies to cases in which secondary hyperparathyroidism
give rise to autonomous hyperparathyroidism. Treatment of the Fig. 42.40 Oxalosis. There is a generalised but slightly patchy increase
underlying disorder fails to control the hyperparathyroidism. i n density of much of the visualised skeleton, due to calcium oxalate

Surgical removal of the autonomous parathyroid tissue is necessary. deposition.



This is regarded as a distinct entity, including terms such as causal-
gia, Sudeck's atrophy, shoulder hand syndrome and reflex sympa-
thetic dystrophy. The condition has been reported in association with
prior trauma, surgery or infectious states, as well as vasculitis,
calcific tendonitis, neoplasia, disc herniation, myocardial infarction,
degenerative cervical spine disease and cardiovascular disorders.
Symptoms usually include pain, swelling, stiffness and weak-
ness, but may be associated with hyperaesthesia, vasomotor changes
and disability. It is thought to be related to abnormal neural reflexes.
Endosteal bone resorption is the most prevalent form of demineralisa-
tion in this condition, although subperiosteal resorption, periarticular
porosis, intracortical resorption and subchondral erosions are also
seen (see Fig. 43.28). Despite the superficial similarities, of pain and
osteoporosis seen with transient osteoporosis and regional migratory
osteoporosis (see below), the pattern of bone marrow oedema seen in

these conditions is not identified in patients with reflex sympathetic
dystrophy.

Transient (regional) osteoporosis
This is a rare condition of large joints where gross focal osteo-
porosis and pain occur. The femoral head is the commonest site. It
occurs typically in young and middle-aged adults, and is more

Fig. 42.42 Ochronosis. The intervertebral disc spaces are narrowed and cal- common in men. Interestingly, when it occurs in women, the left

cified. Such widespread change is uncommon in uncomplicated degenerative hip is almost exclusively affected, and the disease occurs in the
spondylosis. (Courtesy of Dr D. J. Stoker and Institute of Orthopaedics.) third trimester of pregnancy. There is no history of trauma or infec-

tion. Some authors believe that it is a form of Sudeck's atrophy.
changes of osteomalacia, and a form of arthritis. Other metabolic Synovial biopsy may show mild chronic inflammation. Symptoms
disorders, such as haemochromatosis and calcium pyrophosphate resolve spontaneously in 4-10 months.
dihydrate deposition disease, also mainly produce joint disease.

Haemochromatosis may also give rise to a generalised osteopenia. Regional migratory osteoporosis
Copper deficiency i n infants is rare, but is reported in severely This condition is migratory in nature, and the hip is involved less

malnourished infants, and in infants on long-term parenteral nutri- frequently than other areas, such as the knee, ankle and foot. It is
tion. There is reduction in hone density, cortical thinning and meta- commoner in men than in women, and is most evident between 30
physical irregularity, with delayed maturation. However, unlike and 50. Clinically it is similar to transient osteoporosis of the hip,
rickets, the zone of provisional calcification is preserved. the involvement of each joint lasting approximately 9 months.

Homoeysti
Recurrences in other bones may occur successively, or be separated

nuria by up to 2 years or more.
This is a rare disorder inherited in an autosomal recessive manner
and due to a deficiency in the activity of the enzyme cystathiamine I diopathic chondrolysis of the hip
synthetase, which converts homocysteine to cystathionine and cys- This is a rare disorder of unknown aetiology. It affects predomi-
teine. In one form of the disease (pyridoxine-resistant), changes in nantly adolescent girls and young women, particularly black-
the skeleton include osteoporosis, arachnodactyly, epiphyseal skinned patients, and gives rise to localised pain and marked
enlargement, scoliosis, sternal deformity, and valgus deformity of osteoporosis. Early degenerative change results.
the knees and hips. Being pyridoxine resistant, this requires a low
methionine diet. The other form of the disease is responsive to pyri-
doxine, and normal skeletal development follows.
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immobilisation. A rapid, aggressive-looking resorption of bone
occurs, most marked in the cortical and suharticular areas of the

bones (Fig. 42.33).
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Fig. 42.46 Vinyl chloride poisoning. Inhalation or ingestion of vinyl chloride
may produce this characteristic resorption of the central portions of the
terminal phalanges. (Courtesy of Dr D. J. Stoker and Institute of Orthopaedics.)

Fig. 42.44 Lead lines: metaphyseal bands of increased density. Fig. 42.47 Fluorosis. There is markedly increased density of all the
visualised bones.

Fig. 42.45 Bismuth poisoning: dense metaphyseal lines are present,
si milar to those seen in lead poisoning. after the first year of life. Withdrawal of vitamin A supplements

results in remodelling of the bone.

Overdosage of vitamin A may occur in children, but is rare in
adults. It gives rise to hypercalcaemia, and an increase in periosteal Lead poisoning

new hone. Tender swellings of the limps may occur. Radiographi- Lead poisoning occurs in children who ingest lead-containing paint or

tally, dense periostcal new hone is identified (Fig. 42.43), which, in water from lead-containing pipes and leads to lead deposition in the

contrast to infantile cortical hyperostosis, is not seen usually until growing mctaphyseal regions. This may cause modelling deformities
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and increased hone density, although most of this is due to reactive

change (Fig. 42.44). Lead encephalopathy is a serious complication.

Bismuth intoxication
Bismuth intoxication (often following treatment for syphilis in the
past) causes a similar appearance to that of lead poisoning
(Fig. 42.45).

Vinyl chloride poisoning
Vinyl chloride poisoning found in workers in PVC manufacture
causes Raynaud's phenomenon, and a characteristic form of acro-
osteolysis (Fig. 42.46). Sacroiliitis is also seen, and haemangio-
sarcoma of the liver has been reported.

Fluorosis
Fluorosis, due to chronic fluoride poisoning, is endemic in some parts
of the Middle and Far East, but may also occur in aluminum smelting
i ndustries, and from drinking wine when fluorine is used as a preserv-
ative. A generalised increased bone density is seen (Fig. 42.47), which
is again due to osteoclastic response to the fluorine rather than to fluo-
rine deposition per se. Cortical thickening occurs, causing encroach-
ment upon the medullary cavity, and ossification of ligamentous and
musculotendinous attachments is seen. Endemic fluorosis is rare in
children, unless there are exceptionally high levels of fluorine; it may
be associated with crippling stiffness and pain.
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Skeletal trauma is one of the most important aspects of orthopaedic
radiology, being by far the commonest problem presented to the mus-
culoskeletal radiologist. Despite this fact however, trauma radiology

continues to be a neglected aspect of this subspecialty, particularly in
teaching institutions. This may reflect an illogical approach to
skeletal trauma historically, whereby fractures and dislocations were
presented as a confusing list of unassociated injuries, often better
known by eponyms. More recently there has been a trend towards
classifying fractures by the force of injury causing them. This allows

a more logical and thoughtful approach, and enhances understanding
of fracture patterns, and associated injuries.

A fracture of a hone occurs when there is a break in the conti-
nuity of bone, which may he either complete or incomplete. When a
l oading force is applied to bone, it initially deforms elastically, and

as the load is removed, the deformity of the bone is reversed and
the bone returns to normal. As the loading force is increased,
however, the elasticity of the bone is overcome, and a plastic `fi
ture' occurs, with the bone remaining deformed after cessation of
the load. Finally, complete failure of the bone will occur, giving rise
to a true fracture. Repetitive loading of a bone at `subfracture'
l evels may lead to the development of stress fracture (see below).
Fractures are described in many different ways, as discussed below.

The descriptive terms open or closed refer to whether the bone frag-
ments communicate with the outside environment or not. If bone
fragments penetrate the skin, the fracture is open (Fig. 43.1). If the

fracture remains covered with intact skin, it is called closed.
Although apparent on clinical inspection, various radiographic
signs will suggest an open fracture (Box 43.1).

The nature of the fracture lines also describes the fracture.
Generally a single fracture line follows one of three major types:
transverse, oblique or spiral, although a combination of these may be

present. In addition, if the injury produces more than one fracture line,
the fracture is said to be comminuted. Comminuted fractures will
often produce a minor triangular fragment of bone, known as a
` butterfly' fragment (Fig. 43.2). A segmental fracture is one in which a
segment of bone is isolated by fractures at each end (Fig. 43.3).

Fractures may also be termed incomplete or complete. Incomplete
fractures occur most commonly in children, when bone resilience is
greater, and are of three types. As mentioned above, plastic fractures
occur when there is bending of the bone without cortical disruption,
or acute angulation; a `torus' or ` buckle' fracture is the term applied
to a fracture of the cortex on the compressive side of the bone with

1371

Fig. 43.1 A comminuted fracture of the
tibia, with medial displacement and over-
riding of the distal fragment. Because of the
proximity of the skin surface to the antero-
medial aspect of the tibia, penetration of
the skin is likely, and in fact, air is seen in
the soft tissues, indicating that penetration

has occurred. There is medial displacement,

but lateral angulation of the distal fragment.
A segmental fibula fracture is noted.

Obvious protrusion of bone fragments beyond the soft-tissue margins
Absence of portions of the bone
Gross soft-tissue disruption extending to the bone surface
Subcutaneous gas
Foreign material within the fracture



Fig. 43.4 (A,B) Torus fracture of the radius. The cortex is buckled on the
dorsal surface. Apart from minor plastic deformity, the volar surface is intact.

an intact cortex on the tension side (Fig. 43.4): greenstick fracture is
the converse of the torus fracture, occurring only on the tension side,
with cortical interception.

Fractures should also be evaluated for continuity and proximity
of the fracture fragments. The term apposition refers to the position
of the major fragments with respect to each other. Fragments which
are not apposed are described as being distracted if the displace-
ment is along the long axis of the bone, or displaced, away from the
long axis. In such cases, the fracture should be described according

Fig. 43.5 Elbow effusion: elevation of the anterior fat pad (arrow).
Although not pathognomonic for fracture, anterior fat pad elevation indi-
cates significant effusion, and is frequently associated with a fracture.
Careful inspection of the unfused radial head shows a minor cortical step-
off of the metaphysis, indicating a fracture.

Fig. 43.2 A comminuted fracture of the tibia, with a triangular 'butterfly'
fragment.

Fig. 43.3 Segmental fracture of the femur: by definition a comminuted
fracture. In this case the isolated segment is clearly malaligned.

Although the majority of fractures are readily identified, on occa-
sion they may be difficult or impossible to see on initial radi-
ographs. Additional clues may be helpful in such cases. For

to the direction of displacement of the distal fragment relative to the

proximal bone.
Alignment refers to the relationship along the axis of major frag-

ments. Abnormality of alignment may be described in two ways.

The most logical description refers to the alignment of the distal
fragment with respect to the proximal (Fig. 43.1). This has the addi-
tional advantage of following the same `rules' as apply to displace-
ment. The alternative method, commonly used by orthopaedic
surgeons, is to describe the angulation as the direction of the apex
of the angle at the fracture site.

Varus and valgus angulation are terms that are commonly used,
particularly by orthopaedic surgeons-they refer to the alignment
of the distal fragment with respect to the midline of the body, with
varus indicating angulation of the distal fragment towards the
midline and valgus the reverse.

Impaction i s the descriptive term for fractures in which the bone

fragments are driven into each other.
Abnormality of rotation of the distal fragment is an important

finding and should always be assessed. This requires visualisation
of both ends of the bone on the same radiograph, so that the orien-
tation of the proximal and distal joints can be assessed.
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example, fractures around a joint may provide evidence of a joint be regarded with caution, and delayed views after immobilisation

effusion or haemarthrosis, providing the joint capsule remains will often reveal a fracture.

i ntact. This can be particularly useful at the elbow, where elevation A fat-fluid level (lipohaemarthrosis) within a joint, most corn-

of the fat pads, either anterior or posterior, is good evidence of monly seen in the knee with the radiograph made with a horizontal
i njury (Fig. 43.5). In such cases, lack of obvious hone injury should beam, is also firm presumptive evidence of an intra-articular frac-

Fig. 43.7 (A,B) Compression frac-
tures of the vertebral bodies of T7, T8
and T9 with large paraspinal haema-
toma, which took many months to
absorb, still being visible after the frac-
ture had consolidated. (Courtesy of
Dr D. J. Stoker and Institute of
Orthopaedics.)

Fig. 43.8 Comminuted fractures of both calcanei. The extent of the injury, and in particular of the articular involvement, is poorly displayed by the plain
radiographs (A-C) particularly on the right. (D) CT images, however, demonstrate that there is an obvious disorganisation of fragments at the articular
surface on the left, and a mildly depressed segment on the right.



multislice CT scanners, where information is gathered rapidly, and

reconstructed into 2D or 3D images at will.
In practice, the advent of the multislice scanners raises new ques-

tions about how best to image our patients a scanner that pro-
duces many hundreds of thin `slices' in less than a minute requires
changes in philosophy as to how to best view the resulting informa-
tion. With computer workstations capable of producing multiplanar

2D or 3D images in a matter of seconds, it may be appropriate to
re-evaluate whether axial sections arc the best way to evaluate the
information. Realistically, the scanners provide a volume' of infor-

After a fracture has occurred, the process of healing begins. In the mation, and even the term computer tomography may not he appro-
normal healing process, a haematoma initially forms between the priate. The term computerised volume imaging (CVI) would appear
bone ends, occasionally causing periosteal elevation. Granulation to make more sense.
tissue then forms between the fracture fragments, with immature Tomography was often used historically to evaluate depression
ostcoid (callus) laid down on the bone surface acting as an early of bone fragments in tibial plateau fractures, or to determine the
bridge. This first becomes calcified, but eventually woven hone is position of fragments in fractures of the tibial plafond, talus and
laid down, leading to firm bone union. calcancus. Even in such cases however, it can be argued that

The early stages of hone formation are not visible radiographi- modern CT scanners provide information that is at least as good as,
cally, but in a healthy person, new bone formation is visible within if not better (Fig. 43.8). If CT is available, particularly of the helical
4-6 weeks, with the healing process complete in 4-6 months for a variety, there are few if any indications for tomography. However,
single fracture in a large tubular bone. Delay in union however may tomography may be helpful in suspected blowout fractures of the
be evident by a delay in the appearance of new bone, and can occur orbit (Fig. 43.9).
from a variety of causes (see below). Nuclear medicine can he helpful in detecting occult fractures, for

example of the scaphoid or femoral neck, although a positive scan
may not be seen for 24 hours following injury, especially in older

patients. Nuclear medicine can also delineate stress fractures of
The vast majority of injuries can be adequately visualized by plain bone, often with a characteristic appearance (Fig 43.10).
radiographs. On occasion however, other methods may be needed. In many centres, MRI has become the method of choice for eval-
Tomographv has traditionally been used to assess fractures which uating injuries of and around the joints. It has the ability to detect
are not visible, or poorly seen on plain radiographs. However, in not only injury to the surrounding soft tissues, but also it can iden-
modern departments, tomography has been abandoned in favour of tify occult injury to the bones themselves, such as `bone bruising'

other techniques, such as CT or, occasionally, nuclear medicine (see Fig. 44.83), osteochondral fractures (Fig. 43.11) and post-
bone scan. Arguments that tomography is superior to CT in the traumatic avascular necrosis (Fig. 43.24). Among its advantages are
evaluation of fractures in the horizontal plane (cervical spine), or of its ability to demonstrate soft-tissue detail, its capability of multi-
structures that lie parallel to the beam of the CT scanners (floor of planar imaging and its lack of ionising radiation. These features are
orbit), arc negated by the use of thin slice spiral CT scanners, with responsible for the rapidly increasing use of MRI in musculoskele-
coronally reconstructed images. This is particularly true of modern, tal radiology. Injuries to ligaments and tendons are readily identi-

lure, the fat being derived from the hone marrow (Fig. 43.6). In the

thoracic spine, haemorrhage from a vertebral fracture can be seen
as a localised paravertebral soft-tissue mass, giving an appearance
si milar to that seen in cases of abscess (Fig. 43.7).

Soft-tissue swelling in the retropharyngcal space has also been
cited as being a reliable sign of cervical spine trauma, although the
value of this sign has been questioned.

Fig. 43.9 (A) Note orbital emphysema on the left, with air surrounding the eyeball (arrow), and beneath the eyelid (open arrows). This is highly sugges-
tive of a blowout fracture. In this case there is irregularity of the inferior orbital rim (arrowheads), with an apparent soft-tissue density projecting into the
maxillary sinus. (B) Tomography confirms the fracture of the orbital floor (arrow).
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Fig. 43.10 Stress fractures of the sacrum. This elderly patient underwent
nuclear medicine bone scan for pain in the lower back. A characteristic
pattern of increased tracer uptake indicates a stress fracture in the osteo-
porotic sacrum.

fied by MRI (see relevant sections below), and muscle trauma can
be appreciated (Figs 43.12, 43.13). This has greatly expanded the
role of the radiologist in the traumatised patient.

There are potential problems in all fractures. Although most
uncomplicated fractures heal readily, in open fractures there is an
i ncreased potential for infection at the fracture site and careful
scrutiny of the healing process is warranted.

The tibia has long been singled out as a bone liable to delayed

union or non-union. The reasons for this are obscure, but poor
vascular supply and lack of immobilisation have been cited. In
practice, however, it would appear that the reason for the high inci-
dence of cases of delayed or non-union may be due to the large
number of 'high-energy' injuries seen in the tibia, particularly from
pedestrian `bumper' injuries, with a large amount of resulting
necrosis of soft tissue and bone at and around the fracture site.

Fig. 43.11 Sagittal T,-weighted image (A) and T2- weighted image (B) demonstrate a well-defined osteochrondral fracture of the femoral condyle.
A large joint effusion (bright on T 2 - weighting) is seen.

Fig. 43.12 Coronal MRI (T 2 - weighted) of the pelvis and thighs of a
young gymnast, who complained of pain and swelling in the groin. A well-
defined lesion of mixed signal intensity occupies the region of the iliopsoas.
The mixed signal pattern is common in haematoma, indicating the
complexity of the haematoma, and variations in haemoglobin, deoxy-
haemoglobin, methaemoglobin and haemosiderin levels.

Delayed union may occur from many causes (Box 43.2).
Non-union is the absence of bony union over a prolonged period

(Box 43.3). The radiographic appearance is usually of a persistent
fracture line, usually with sclerotic margins, and marked surround-
i ng sclerosis (Fig. 43.14). MRI may have a role to play in the
assessment of non-union with its ability to detect infective causes
(Fig. 43.15).

Malunion is the term given to a fracture which heals in an
unsatisfactory anatomical position, either with excessive over-
l ap of fragments, giving rise to shortening of the bone, or unsatis-
factory angulation or displacement of the distal fragment
(Fig. 43.16).



Fig. 43.14 Non-union of the tibia despite
i nterosseous bone grafting and surgical
wiring. There is sclerosis around the fracture
l i ne, without firm evidence of bone bridg-
i ng, 1 year after the fracture.

tinucs the activity, a form of chronic fracture will occur, with abun-
dant sclerotic periosteal new bone and a persistent lucent fracture
line, with surrounding sclerosis (Fig. 43.18).

A type of stress fracture is said to account for the pars inter-
articularis defects seen in spondylolisthesis (Fig. 43.19), whereby
the continuance of the stress leads to a complete fracture, followed

by non-union. Alternatively a congenital hypoplasia of the articular
processes, or degenerative change within the posterior joints,
may be the underlying cause. The defect in the pars is known as
spondylolysis. When anterior displacement of the superior vertebral
body on its neighbour is seen spondylolisthesis is said to have

Stress (fatigue) fractures
These fractures result from chronic repetitive forces which by
themselves are insufficient to cause fracture, but over the course of
ti me lead to the classical changes of a stress fracture. They occur in
many bones, and usually at characteristic sites, often as the result of
athletic activity: for example the `march' fracture of the second and
third metatarsal head, the stress fracture of the mid and distal tibia
and fibula in long-distance runners and ballet dancers, and fractures
of the proximal fibula in paratroopers.

The earliest diagnosis can be made by nuclear medicine scanning
or MRI. A nuclear medicine bone scan will show increased activity
before radiographic signs appear. When radiographic signs appear,
they may take several forms, depending upon the stage of healing
or the chronicity of the stress. A hairlike lucency may be seen tra-
versing the hone. New bone formation around the fracture may be
the only radiographic sign, or may accompany the cortical fracture
(Fig. 43.17). MRI may also be useful in making the diagnosis
before any changes are seen radiographically. If the patient con-

1. I diopathic (particularly tibia)
2. Poor stabilisation
3. I nfection
4. Pathological fracture
5. Massive initial trauma

Mechanical Poor apposition
I nadequate stabilisation

Pathological Age-decreased osteoblastic activity
Dietary-vitamin deficiency (C and D)
Pathological fracture (underlying abnormality;

I nfection

Fig. 43.13 (A) A calcified 'mass' in the thigh of this 16 year old was worked to exclude tumour. (B) T,-weighted coronal MR images demonstrate a mass
of low signal intensity, with surrounding low-signal-intensity oedema, with increased signal intensity on T 2 -weighted images (C). There is also a well-
defined, low-signal-intensity 'ring' of calcification. Their appearances are characteristic of post-traumatic myositis ossificans.
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note are abnormalities which have previously been classified as
osteochondritis, but which represent avulsion fractures from
chronic or repeated trauma. This includes Osgood-Schlatter disease
(Fig. 43.20) and Sindig-Larsen disease of the tibial tubercle and
inferior patella respectively.

The diagnosis of Osgood-Schlatter disease is made clinically,
although it can he suggested radiographically when there is clear
elevation of fragments of the tibial tubercle separated from the
underlying bone (Fig. 43.20). Apparent fragmentation alone with-
out displacement does not constitute Osgood-Schlatter disease, and
merely represents multiple unfused ossification centres.

Common avulsion injuries at the origin of muscle tendon inser-
tions arc seen at the inferior border of the ischium (hamstrings)
(Fig. 43.21), anterior inferior iliac crest (rectus lemons; Fig. 43.22)
and lesser trochanter (iliopsoas) (Table 43.1).

Pathological fractures
Pathological fractures occur through bone that has been weakened by
an underlying disease. This does not necessarily mean an underlying
malignancy, although the term `pathological fracture' tends to suggest
it. Pathological fractures occur through bone that is weakened by such
conditions as osteoporosis or osteomalacia, bone tumours (whether
benign (Fig. 43.23) or malignant) or even tumour-like lesions of bone.
In elderly patients underlying malignancy should be considered,
especially if the fracture occurs in a site other than those usually seen
in osteoporosis such as the femoral neck, or in cases in which the
severity of the injury is inappropriate to the fracture created.

Post-traumatic avascular necrosis
This occurs from a traumatic severance of the blood supply to the
bone or a fragment thereof. There arc scv~i -al hones in the body in
which this is likely to happen in areas when the blood supply is easily

Fig. 43.15 (A) MRI scan demonstrates tissue of mixed signal intensity in
the fracture gap of non-union of the distal femur (arrows) on T 1 - weighted
i mages. (B) Areas of increased signal intensity are shown on T 2 - weighted
i mages (dark arrows), indicating foci of infection.

occurred. Mild degrees of spondylolisthesis can occur when there is
loss of articular cartilage at the posterior intervertebral joints as in
degenerative disease. More severe spondylolisthesis results from
pars interarticularis defects, and is graded according to severity:
Grade I up to 25% displacement of the vertebral body; Grade II up
to 50%; Grade III up to 75%: and Grade 100% displacement.

Avulsion fractures
These occur from avulsion of bone fragments at the site of liga-
mentous or tendinous attachments throughout the skeleton. Of

Fig. 43.16 Malunion of
the tibial fracture, which has
healed well, but shows

l ateral angulation of the
distal fragment.

Fig. 43.17 Stress fracture.
(A) An area of increased
sclerosis, with some dense
periosteal new bone in the
mid tibia. (B) MRI may be
helpful in early diagnosis
before the plain radi-
ographic signs become
apparent.

Fig. 43.18 Multiple stress
fractures are seen, some
with obvious horizontal
l ucencies running perpen-
dicular to the bone cortex.
The patient was a jogger
who refused to give up
j ogging despite the pain!



Fig. 43.20 Osgood-Schlatter disease. Fragmentation may be seen and a
portion of the tibial tubercle ossification centre is elevated.

compromised. Femoral neck fractures may interrupt the vascular
supply to the femoral head, as can posterior dislocation of the femoral
head, with or without overt fractures of the head or acetabulum
(Fig. 43.24). In fractures of the wrist involving the scaphoid, the prox-
i mal pole is at risk as the vascular supply enters the bone more distally
(Fig. 43.25). Similarly, talar waist fractures threaten the proximal frag-
ment. Post-traumatic avascular necrosis may occur in part of a bone as
described above, but may also involve the growing epiphysis such as
the head of the second or third metatarsal (Frieberg's disease) or even

Fig. 43.21 (A) Note an avulsion of the inferior border of the ischium at
the whole of a small hone, for example Innate ( Kienhock's disease) the site of insertion of the hamstrings. MRI of this injury (B) i ndicates the
(Fig. 43.26). Frequently there is no clear history of predisposing frac- extent of injury to the underlying bone (arrowheads), not seen on the plain
ture. However there is evidence that even conditions such as Perthes' radiographs.

Fig. 43.19 (A) Diagrammatic representation of an oblique view of a lumbar vertebra, presenting the 'scotty dog' appearance. The pars interarticularis
defect corresponds to the dog's collar. (B, C) Pars defect: oblique radiograph demonstrates the same appearances as in (A). (Courtesy of Dr D. J. Stoker and
I nstitute of Orthopaedics.)
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disease may result from trauma, and a traumatic effusion, which may

also be responsible for the widening of the joint space that may be

seen in the condition. This radiographic abnormality may he seen in

the 'irritable hip syndrome' of children, which may progress to frank

necrosis of the femoral head. This has been attributed to interruption

of the vascular flow, possibly on the venous side, by the formation of

granulation tissue. A similar scenario has been suggested for septic

arthritis (pus within the joint) and haemophilia (blood within the

joint).

I n avascular necrosis, the necrotic hone usually becomes

denser than the surrounding bone (Fig. 43.2.5), which in turn may
Fig. 43.24 (A) CT shows a cortical fracture of the femoral head from
previous posterior hip dislocation. A small intra-articular fragment is seen.

become more osteopenic due to disuse. Studies on the femoral (B) MRI scan performed several weeks later, indicates the typical findings of
heads removed following fracture in the process of hip prosthesis avascular necrosis.

Sartorius
Rectus femoris
Hamstrings
Gluteals
Ili opsoas
Achilles tendon
Triceps
Quadriceps
Patella ligament
Patella ligament

Anterior superior iliac crest
Anterior inferior iliac crest
I schial tuberosity
Greater trochanter
Lesser trochanter
Posterior calcaneus
Olecranon process
Superior patella
I nferior patella (Sinding-Larsen)
Tibial tuberosity (Osgood-Schlatter)

Muscle origin

Fig. 43.22 Avulsion fracture of the anterior inferior iliac crest: This is the
origin of the rectus femoris muscle.

Table 43.1 Sites of avulsion fractures with muscle origin

Site of avulsion fracture



Fig. 43.27 Vibration syndrome. Fragmentation and flattening of the lunate
due to avascular necrosis is typical of Kienbock's disease, accompanied by
extensive cystic changes in the surrounding bones. These abnormalities
occurred in a worker using compressed-air drills, who had been exposed to
this repeated trauma for many years. (Courtesy of Dr D. J. Stoker and Institute
of Orthopaedics.)

Fig. 43.28 Sudeck's atrophy: there was minor trauma to the forearm
some weeks earlier. Note gross osteoporosis of the bones of the hand, wrist
and forearm, most marked at the bone ends, but also causing cortical
'thinning' and resorption.

Fig. 43.25 Post-traumatic avascular necrosis of the proximal pole of the
scaphoid. Although the fracture of the waist of the scaphoid has 'healed',
avascular necrosis has occurred, with resulting sclerosis.

Fig. 43.26 Kienbock's disease: in fact, a form of traumatic avascular
necrosis of the lunate.

i mplantation show that this is due to revascularisation, when a
thin layer of calcifying osteoid is laid down on the necrotic
trabecula. This feature may occur anytime from 2 months to
2 years following injury. Eventually collapse and fragmentation
are likely to occur. MRI scan may be useful in the diagnosis.

Drillers' disease (vibration syndrome)
Drillers' disease is seen in workers using vibrating machinery, usually
after five or more years of use. Degenerative cysts are found in the
bones of the wrist, and occasionally the hand (Fig. 43.27). They are
however indistinguishable from the cysts also seen that result from

heavy manual labour, and the exact aetiology is uncertain.

Myositis ossificans (post-traumatic)
This usually occurs without overt underlying bone injury. The exact
aetiology is uncertain, but it may be due to ossification of a

haematoma or reactive periosteal elements which have been
displaced into the soft tissues. The thigh is the commonest site.
Hazy density in the soft tissues gives way to frank new hone forma-
tion, which may extend to the bone surface (Figs 43.13, 43.29).
This may cause difficulty in distinguishing the lesion from

Sudeck's atrophy (post-traumatic reflex dystrophy,
reflex sympathetic dystrophy)
This is a rare condition in which, following injury to a limb, intense
pain and swelling occur, resulting in severe disuse osteoporosis.
Interestingly, the initial injury may be relatively minor; the effects
however are dramatic, with loss of function which is often protracted
(Fig. 43.28). An associated neurovascular reaction may be present.

Transient osteoporosis
This is a rare condition which usually affects the hip. Although this
may represent a type of Sudeck's atrophy, a history of trauma is
rare. Massive subarticular osteoporosis occurs, but this is self-
li miting, however, with spontaneous resolution within 4-10 months.
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Compartment syndrome
Rarely, trauma to a limb will give rise to a potentially devastating

situation whereby the tissue pressure within a closed `compartment'
causes progressive ischaemia and ultimately necrosis. The compart-
ments of the limbs consist of areas surrounded by rigid osseous and
fascial planes. Tissue oedema or haemorrhage may be the initiating

factor and result from direct trauma and/or vascular interruption.
The result of oedema within a closed compartment is to raise the
tissue pressure, thereby further decreasing vascular perfusion.
Prompt fasciotomy is required. Volkmann's ischaemia and contrac-
ture of the forearm, following fracture of the elbow, is probably a
form of the compartment syndrome. Today the syndrome is most

commonly seen in the leg as the result of road traffic accidents.

Vascular trauma generally occurs as the result of penetrating injury,
although it may be caused by sharp hone fragments from a frac-

Fig. 43.31 Pellegrini-Stieda lesion. Post-traumatic calcification is shown
i n relation to the medial femoral condyle following a tear of the medial col-
lateral ligament. (Courtesy of Dr D. J. Stoker and Institute of Orthopaedics.)

Fig. 43.29 Post-traumatic myositis ossificans. A well-defined bone
density arises from the cortex of the distal femur and extends into the soft
tissues. There was a history of blunt trauma, but even so, this lesion needs
to be differentiated from parosteal osteosarcoma.

parosteal osteosarcoma. Furthermore, unless adequate biopsy mate-
rial is obtained, including the central and peripheral components of
the lesion, histological differentiation may also be difficult.

MRI has been shown to be a useful tool in the diagnosis of post-
tramatic rnyositis ossificans, due to its ability to define the charac-
teristic soft-tissue abnormality (Fig. 43.13), which also may be seen
before the changes are evident radiographically. A similar type of
calcification or ossification may occur around joints following dis-
l ocation, and in cases of severe closed head injury (Fig. 43.30).
Ligamentous avulsions or chronic ligamentous trauma may also
result in calcification, such as calcification of the medical collateral
ligament of the knee in cases of chronic subclinical trauma
(Fig. 43.31 Pellegrini-Stieda lesion).

Fig. 43.32 Traumatic avulsion of the right superior gluteal artery (arrow)
from pelvic trauma. Bleeding from branches of the internal iliac artery is
also seen (open arrows). Marked diastasis of the right sacroiliac joint has
occurred.

Fig. 43.30 Myositis ossificans associated with paraplegia. Very extensive
soft-tissue ossification is visible around both hip joints. (Courtesy of
Dr D. J. Stoker and Institute of Orthopaedics.)
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lure, either at the time of injury or during manipulation. The
popliteal artery is commonly injured from fractures or dislocations
around the knee. Brachial artery injury may also result from supra-
condylar fractures of the humerus or elbow dislocations, particu-
l arly in children. Branches of the internal iliac artery, especially the
superior gluteal, pudendal and vcsical, arc at risk in pelvic ring
fractures (see below), and are responsible for the massive blood loss
and associated high mortality rates (Fig. 43.32).

Traditionally, vascular injury has been evaluated almost exclusively
by angiography. Spiral CT. particularly if using multislice technology,

has the ability to provide high-quality angiographic images, and often
far more rapidly, and more effectively than angiography (Fig. 43.11).

Advantages of CT over angiography are the fact the patient does not
have to he sent to the angiographic suite and that the images arc
obtained in a matter of seconds, with an intravenous injection rather
than arterial cathcrisation. Also, with a variety of post-processing

capabilities, 31) or multiplanar representations can be obtained easily

Fig. 43.35 Avulsion fractures of the proximal phalanx of the thumb.
(A) Fracture at the site of attachment of the radial collateral ligament.
(B) Fracture at the site of the attachment of the ulnar collateral ligament. In
practice, the adductor of the thumb inserts in the same area, and may also
be avulsed.

and rapidly. Although conventional spiral scanners have not been uni-

versally accepted for peripheral work, the new multislice scanners
show early promise, even in the periphery.

Dislocations occur when there is a complete loss of normal articular
contact between the hones comprising the joint (Fig. 43.33).

Subluxation refers to a partial loss of articular contact. Diastasis
refers to separation of fibrous joints, for example symphysis pubis,

sacroiliac joint (Fig. 43.34).

Fig. 43.36 Rotator cuff tear. (A) Arthrography is performed by injecting contrast medium, with or without air, into the shoulder joint. Leakage of con-
trast into the subdeltoid bursa (arrows) indicates a rupture of the rotator cuff which normally separates the bursa from the joint. (B) MRI demonstrates a
large joint effusion, shown as high signal on this FLASH image. The effusion, which shows markedly increased signal intensity on this sequence, has tracked
i nto the subdeltoid bursa (arrowheads), indicating rotator cuff rupture. In this case the subscapularis is seen to be retracted, with an irregular lateral margin
(large arrows).
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Joint injuries may be difficult to diagnose radiographically, as
they frequently comprise ligamentous injury without obvious hone
i nvolvement. In addition, subtle avulsion fractures adjacent to joints
may he the only indicator of gross ligamentous injuries. These are
most commonly encountered around the ankle, where avulsions of
the medial and lateral mallcoli indicate collateral ligament disrup-
tion. Other important areas arc the base of the proximal phalanx of
the thumb (Fig. 43.35) and corner avulsions of the tibia] plateau.
Plain radiographic signs of injury such as effusion or haemarthrosis
may be helpful. Stress views of the involved joint have been advo-
cated, but this may require the patient to be sedated as they may be
extremely painful to obtain.

Assessment of joints
Arthrography has traditionally been used to assess joint abnormalities
(Fig. 43.36). Ultrasound has also been used, particularly to assess the
shoulder joint for injuries to the rotator cuff (see below), and CT is
also useful in the shoulder, especially when combined with arthrogra- Fig. 43.38 Baker's cyst. T2 -weighted sagittal image of the knee demon-
phy, when injuries of the glenoid labrum may be seen. strates a well-defined high-signal-intensity lesion posterior to the knee joint.

Most recently however, MRI has made immense progress with
its ability to define the soft tissues, ligaments and tendons. Although of the hyperaemia associated with fracture healing, there may he
originally finding favour for its ability to diagnose meniscal tears in i ncreased growth in the affected limb. This helps to restore length
the knee (Fig. 43.37), it can be useful for a variety of soft-tissue when overlap of the main fragments occurs, but on occasion also
abnormalities around the knee (Fig. 43.38), shoulder (Fig. 43.36), can cause unwanted increased length in a limb.
ankle and wrist, where ligamentous and tendinous abnormalities
may he demonstrated.

Fractures in children differ from those in adults in several ways.
They arc often incomplete (torus or greenstick fractures) (Fig. 43.4),
and `plastic' fractures, without any cortical disruption, may occur.

Children's hones have a greater capacity for remodelling than adult's
hones, which allows for less exact corrective reduction, although
rotational anomalies cannot be corrected by remodelling. Because

Fig. 43.39 Salter-Harris classification. I, Injury through the epiphyseal plate
only. I I, Fracture through the epiphyseal plate and metaphysis. III, Fracture
through the epiphyseal plate and epiphysis. I V, Fracture through the epiphy-
seal plate, metaphysis and epiphysis. V, Crush fracture of the epiphyseal plate.

Fig. 43.37 Tear of the posterior horn tear of medial meniscus. MRI i mage
(T 2 - weighted) demonstrates a linear area of higher signal extending to the
articular surface.



Fig. 43.41 Premature fusion of the distal radial epiphysis, following a
fracture-separation 7 years before, with relative overgrowth of the ulna.

Fig. 43.42 Bilateral slipped capital femoral epiphyses. The diagnosis is
more difficult when there is such symmetrical abnormality. There is,
however, obvious blurring of the epiphyseal line, and elongation of the
femoral neck. The femoral head does not project above the line of the
femoral neck on either side.

I n 1946 Caffey described a syndrome of subdural haematoma,
associated with multiple fractures of the long bones, often in
various stages of repair. This is the condition known today as the
battered infant. In addition, clinical inspection of such cases may
demonstrate bruises, burns, evidence of malnutrition and signs of

neglect. Inconsistencies in the history given by the parents or
guardian are usu~il.

Fig. 43.40 Fracture-separation of the distal femoral epiphysis in an
anteromedial direction, carrying with it a large fragment of the femoral
metaphysis-the relatively common Salter-Harris Type II injury.

This occurs in adolescent children and is probably related to trauma,
which may be chronic. It represents a variety of Salter-Harris Type I
fracture of the epiphyseal plate. It is commonly seen in boys
approaching puberty, particularly those who are overweight and sex-
ually immature. The incidence in girls however is rising, possibly as a

result of an increase in sporting and physical activity. It may be
bilateral (30-40%).

The epiphysis is displaced from the metaphysis, usually in a
posterior and slightly inferior direction reflecting an anterior and

superior slip of the femoral neck with respect to the epiphysis.

' Frog's-lea' views as well as anteroposterior views may be needed

to make the diagnosis and both hips should be examined because of

the high incidence of bilateral involvement (Fig. 43.42).
Radiographic signs include: (i) blurring of the epiphyseal/meta-

physeal junction due to superimposition; (ii) increased width of the
epiphyseal plate; (iii) so-called elongation of the superior neck of
the femur, whereby a line drawn along the superior neck fails to cut
the epiphysis or cuts only a small portion (in normal patients this
line usually cuts approximately one-fifth to one-fourth of the epi-
physis); and (iv) loss of height of the epiphysis when compared to a
normal contralateral hip. Careful follow-up of the contralatcral hip

is mandatory due to the high incidence of bilateral involvement.
A rare late complication of congenital slipped epiphysis is chon-

drolysis (Waldenstrom's disease), which ultimately causes joint-
space narrowing and early degenerative arthritis.

Finally, because of the relatively weak epiphyseal plate, fractures
through this region are common. Damage to the epiphyseal plate
may result in partial or even complete growth arrest. The Salter-
Harris classification of fractures of the epiphyseal plate is most

commonly used (Figs 43.39, 43.40). Under this system, the potential
for growth arrest increases with increasing type number, Types IV
and V having the greatest potential for growth arrest (Fig. 43.41).
However, it must he remembered that in a small child with uncalci-
fied epiphysis, it may he difficult or impossible to accurately deter-
mine damage to the epiphyseal, and what may appear to be a simple
Type I or II fracture may indeed represent a Type IV or V injury,
with the increased potential for growth arrest.

Growth arrest may take several forms, which have been classified
by Bright. Type I and 11 growth arrests, which involve less than
25% of the area of the growth plate, can be treated by resection and
i mplanting of inert material, but the more complex types may

require radical resection and fusion with subsequent osteotomies or
li mb-lengthening procedures.
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Fig. 43.44 Non-accidental injury. The radiograph shows multiple rib
fractures at different stages of healing, probably the result of repeated com-
pression injuries to the thorax. The child was admitted with a recent skull
fracture. (Courtesy of Dr D. J. Stoker and Institute of Orthopaedics.)

Radiographic findings include fractures in different stages of
healing, periosteal reactions (Fig. 43.43) particularly in the hones of
the distal forearm or leg, multiple growth recovery lines, and
injuries to the skull and ribs (Fig. 4.3.44). Epiphyseal separations
and metaphyscal infractions arc particularly common. Fractures in
unusual sites (e.g. femoral shaft), and from apparently minor
trauma, should also alert the physician to the possibility of non-
accidental injury. Such findings warrant a complete skeletal survey
and communication to the referring physician immediately, as many
children subjected to battering die at a subsequent assault.

Trauma may occur from a variety of other causes, including ionis-
ing radiation, frostbite and rarely electrical burns and d sbaric
osteonecrosis (caisson disease).

Ionising radiation may cause an area of osteonecrosis at the site
of the insult, whether from radiation therapy or other causes, for
example the mouth in radium dial workers in the past. The affected
bone generally exhibits a patchy sclerosis, and may fracture sponta-
neously. Secondary malignant degeneration may occur, usually to
osteosarcoma after a latent period of more than 5 years.

Frostbite may give rise to acro-osteolysis (Fig. 43.45), and in chil-
dren, premature epiphyscal closure and growth arrest.

Caisson disease is found in deep-sea divers and tunnel workers,
and is due to poor decompression giving rise to bubbles of nitrogen
i n the blood. These may block capillaries, causing avascular necrosis.
Bone changes include areas of irregular bone density, usually in the
l ong hones, and due to medullary infarction, and subarticular infarc-
tions, particularly in the humeral and femoral heads (Fig. 43.46). A
similar pattern of subarticular bone infarction is seen in a variety of
other conditions (Box 43.4). The changes of avascular necrosis are
visible on nuclear medicine bone scan and MR1 long before they can
be seen radiographically.

Fig. 43.46 Avascular necrosis of the hips. Note mixed sclerosis and
l ucency of the femoral heads, with collapse of the weight-bearing surface
but maintenance of the joint spaces, indicating intact articular cartilage.

Caisson disease
Sickle cell disease
Gaucher's disease
Pancreatitis
Chronic alcoholism (? pancreatitis)

Fig. 43.43 Battered child. Healing fractures are seen in both proximal
humeri.

Fig. 43.45 Frostbite. Note acro-osteolysis of the toes, with almost com-
plete resorption of the distal phalanges.
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Fig. 43.47 Early Charcot joint, diabetic patient. Note irregularity of the
talar dome, with increased density seen around the ankle joint.

Fig. 43.49 Charcot joint: syringomyelia. Same patient as in Fig. 43.48.

There is the appearance of a surgical 'amputation' of the head of the
humerus. Glenoid destruction, joint debris, and increased radiodensity of
the bones indicate the true nature of the abnormality.

Diabetes (Fig. 43.47)
Neurosyphilis
Syringomyelia (Figs 43.48, 43.49)
Spina bifida
Leprosy
Congenital indifference to pain

Osteochondritis dissecans is really a misnomer, as the lesions clini-
cally referred to as osteochondritis are usually the result of trauma,
and indicate an osteochondral or chondral fracture occurring at an
articular surface. After injury the detached portion of the bone may
remain in situ, may be mildly displaced or may become loose
within the joint (Fig. 43.50; see Fig. 44.81).

The most common site of osteochondritis dissecans is the distal
femur. The medial condyle is involved in 85% of cases with the
l esion classically on the lateral aspect of the medial femoral
condyle (Fig. 43.50). Other forms of osteochondral fractures
involve the weight bearing surface of the joint (Fig. 43.11), or the
site of intra-articular ligamentous disruption (Fig. 43.51). Other
sites of osteochondritis dissecans include the posterior patella and
talar dome.

Other forms of osteochondral fractures occur, with direct trauma
to the articular surface, as seen in the Hill-Sachs deformity of the
humeral head (see Ch. 44), from anterior dislocations, and the ante-
rior femoral head defect following posterior dislocation of the hip
(Fig. 43.24).

Brief mention will he made of this entity, although it is covered
more fully in Chapter 44. Repeated trauma to the joints in the
absence of normal pain and proprioceptive sensation will give rise
to a severe destruction arthropathy, first described by Charcot
(Figs 43.47-43.49). Although seen originally in cases of neuro-
syphilis, there are a variety of causes (Box 43.5).

Most joints show evidence of disorganisation, increased hone
density, debris within the joint capsule and hone destruction, giving

rise to deformity-the so-called `5Ds'. On occasion however, a
characteristic clear-cut destruction of the metaphysis of the bone is
seen suggesting, at least superficially, a surgical procedure
(Fig. 43.49).

Fig. 43.48 Charcot joint: syringomyelia. The elbow joint shows marked
i rregularity, with abundant sclerosis, deformity and bone debris. On initial
examination, the appearance resembles synovial osteochondromatosis.
However, the generalised sclerosis and joint destruction indicate the diagnosis.



Fig. 43.51 Osteochondral fracture. Sagittal T 1 - weighted MRI of the
ankle. There is a well-defined area of abnormal signal in the inferior border
of the talus at the insertion of the interosseous ligament (arrows). The liga-
ment itself cannot be seen, indicating disruption.

Fig. 43.50 Osteochondritis dissecans. (A) Note defect in the femoral
condyle, comprising a lucent ring with a more sclerotic centre. (B) MRI scan
of avascular necrosis of the femoral condyle following subchondral fracture.
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majority of fractures are linear and on occasion these can cause a
diagnostic problem when they may simulate or he simulated by vas-
cular grooves (see Ch. 53). In general, vascular grooves are less
l ucent and less sharply marginated, and are seen to branch and
make curves rather than sharp angles.

Fractures which extend to the base of the skull may extend into
the sphenoid sinus and an air-fluid level may he identified.
Otorrhoea or rhinorrhoea may occur. In tie temporal hones, there
are generally two varieties of fracture: longitudinal (along the axis
of the temporal bone) or transverse. Both may cause damage to the
auditory or facial nerve, but longitudinal fractures are more likely to
cause injury to the tympanie membrane and ossicles.

Depressed fractures of the skull may he readily apparent clini-
cally but can be missed. In general, however, they have a typical
radiographic appearance of a crescent of dense hone, due to over-
lapping fragments (Fig. 44.2). Tangential views provide the con-
clusive diagnosis in these cases. Int acranial haemorrhage may he
suggested by shift of the calcified pineal gland on the frontal views
of the skull.

CT is effective in detecting most skull fractures, particularly if
' bone windows' are used, although occasionally on older scanners a
fracture may be missed due to 'volume averaging'. These may he
clinically insignificant however, unless (here is concomitant
i ntracerebral haemorrhage, which usually is readily recognised
( Fig. 44.3).

Several studies suggest that MRI is not only more sensitive at
detecting intracerebral trauma than conventional CT. hut also stay
demonstrate lesions earlier (Fig. 44.4). On the whole, however,
MR1 is less available than CT at this time, particularly in the trauma
centre, and is also more problematical to use_ The advent of multi-
slice spiral CT also allows for much improved contrast and spatial
resolution than conventional CT scanners.

Usually the result of automobile accidents or assaults, facial hone
i njury generally involves one of four areas: mandible, zygomatic
arch and orbit, nasal hones, or complex fractures of the Lc Fort
varieties. Le Fort defined lines of weakness within the facial hones,
l eading to the classification system based on the type of fracture
pattern (Figs 44.5, 44.6). In practice, pure syntnrctrieal Le Fort
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Fig. 44.1 Extradural haematoma: CT scan. A well-defined area of
i ncreased density is seen. The clear-cut convex inner margin is diagnostic of
an extradural collection.

Head trannm, whether accidental or intentional, is a common event.
with an incidence of almost 8 million cases each year in the USA.
Of these injuries approximately 500 00(1 are considered major, and
half of those require emergency treatment. Overall, mortality rates
are reported from 57 to 50Y and the majority of deaths in motor
vehicle accidents are the result of head trauma.

Despite the large number ol' publications refuting the clinical
value of plain radiographs of the skull, they continue to be widely
requested, although thankfully common sense is beginning to he
applied in many centres. The logical approach would be that if there
has been sufficient injury to necessitate examination, CT should be
performed, as whether a fracture is present or not, intracranial
haenutrrhage may have occurred (Fig. 44.1 ).

Although not as sensitive as CT, if plain radiograph is performed
i t will demonstrate most skull fractures, although clearly radi-
ographs are inadequate to evaluate the intracr vial structures. The



Fig. 44.4 MRI of right temporal lobe contusion (T,-weighted). There is
irregular high signal intensity within the temporal lobe, following trauma to
the tempoparietal region of the skull.

l ying soft-tissue swelling can obscure detail considerably. Addi-

tional views such as obliques may be helpful, but CT has proved to

be vastly superior to the plain film in the evaluation of facial

trauma, and is invariably used to define the nature and extent of

i njuries. Furthermore, modern high-quality 3D reconstruction capa-

bilities are now readily achievable, providing the surgeons with far

better information than can be achieved by plain radiographs

(Figs 44.7-44.9).

The modern multislice CT scanners, with their ability to scan a

complete body part in a matter of seconds, have the opportunity to

revolutionise our approach to trauma evaluation. It is reasonable to

Fig. 44.3 Skull fracture: CT scan demonstrates a large extradural
haematoma with, in addition, obvious high-density blood in the right
frontal lobe. Low-density air 'bubbles' are also seen, indicative of fracture
communicating to the outside environment, most likely via the frontal
sinuses.

fractures of any one variety are rare, and a combination of the

i njuries usually occurs (Fig. 44.6).

Conventional radiographic examination of the facial bones will

include lateral, PA (occipito-frontal) and Waters (occipito-mental)

views. Although these provide moderately good information, over-

Fig. 44.2 Depressed skull fracture. (A) A curvilinear density overlies the posterior parietal region on the lateral view. (B) On the Townes' view, the
depressed nature of the defect can be appreciated (arrows).
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Fig. 44.7 Zygomatic inferior orbital rim fracture: 3D CT. The zygomatic
arch and inferior orbital rim are depressed on the right, with a comminuted
fracture involving the inferior orbital rim (large arrowhead) and frontozygo-
matic suture (small arrowhead).

structure with the skull, there is a strong possibility of two fractures
occurring, and this should always be excluded (Fig. 44.10).

The nasal bones are best identified on the lateral view, although
the frontal views or occlusal film will determine displacement of
the nasal septum. Again, CT is considerably more accurate than
plain film radiography.

Fig. 44.5 Facial fracture lines. The lines of the common fractures are marked
on the skull: 1 = low transverse fracture; 2 = pyramidal fracture; 3 = high trans-
verse fracture. The numbers also relate to the Le Fort lines of weakness.

expect a complete scan of the skull, brain, spine, chest, abdomen
and pelvis to be completed in only I or 2 minutes, thus allowing for
a complete reading, with 2D or 3D reformatting, and without
having to perform difficult, time-consuming plain radiographs on
compromised, or combative patients, with only limited diagnostic Spinal trauma is a common cause of disability, with approximately
potential. However, as multislicc spiral CT is, as yet, only in its 1 50 000 persons suffering from spinal injury in the USA each year.
infancy, this text will concentrate on the more traditional imaging It is predominantly an affliction of the young, with 80% occurring
techniques. below the age of 40. Spinal injuries arc common in multitrauma

On plain radiographs, the zygomatic arch and orbital rim are best patients, predominantly from motor vehicle accidents and from
seen on the occipito-mental (Waters) view, although the submento- falls. Cervical spine injury occurs in over 20% of such cases.
vertical and Townes' views are good for assessing the zygoma for Examination of the patient in the acute setting may be difficult
depression. Fluid levels or opacification of the maxillary sinus arc due to combative or uncooperative behaviour, which may be the
important hints of fractures extending into the sinus and may be the result either of head trauma or intoxication. Plain films are still the
only sign of `blow-out' fractures of the orbital floor. Blow-out frac- primary method of evaluation and will detect abnormalities of
tures may also involve the ethmoid sinus walls, and air may pene- alignment, as well as the majority of fractures. Additional methods
trate the periorbital space, giving rise to orbital emphysema (see of examination include tomography, CT and MRI. CT is able
Ch. 43). clearly to identify small bone fragments not seen on plain radio-

The mandible is most commonly fractured at its weak spot, adja- graphs and has the advantage of better definition than tomography,
cent to the canine tooth (Fig. 44.9). However, as it forms a `ring' as well as an ability to visualise the soft tissues. It also involves

Fig. 44.6 CT of facial fracture.
(A) Fractures are identified through the
anterior and lateral walls of the right max-
illary sinus (arrows), and pterygoid plate
(open arrow). There is complete opacifica-
tion of the right antrum and nasal passage
from haematoma, and a fluid level in the
l eft antrum due to a maxillary fracture
(not seen on this image). On another cut
(B) the zygomatic arch fracture is also
seen (arrow), and there is obvious depres-
sion of the zygoma. The left maxillary
fracture is also seen (open arrow).
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Fig. 44.9 Mandibular fracture (arrow): 3D CT. Fine detail is provided by
the 3D reconstruction.

Fig. 44.8 (A) CT scan demonstrates an air-fluid level in the left maxillary
antrum, and a fracture of the anterior wall (arrowhead). (B) 3D reconstruc-
tion of the face, showing the fracture.

less radiation and is quicker than tomography. With the newer scan-
ners, high-quality reconstruction in virtually any plane, and 3D
images may also be obtained (Fig. 44.11).

MRI is becoming increasingly utilised in the spine, and has the
advantage of detecting injury to the substance of the spinal cord,
intervertebral discs and supporting ligaments, which cannot be eval-
uated by other techniques (Figs 44.12, 44.13). Also, it can easily
define the later changes of post-traumatic syringomyelia.

Normal radiographic anatomy
An understanding of the anatomy of the normal cervical spine is
obligatory for correct evaluation. The anatomical features are iden-
tified in Figure 44.14. Alignment should be assessed along several
anatomical lines as shown. These are: the anterior and posterior
spinal lines, joining the anterior and posterior aspects of the verte-
bral bodies along the line of the longitudinal ligaments; the spino-

laminar line, which joins the anterior margins of the junction of the
lamina and spinous processes; and the spinous process line, joining
the tips of the spinous processes. In addition, a fifth line should be
drawn between the posterior margins of the articular pillars. This
line defines the posterior aspect of the articular pillars and allows

Fig. 44.10 Fractures of the mandible following direct injury. As with
other bony rings, fractures in two places are common. Fractures involve the
right canine region and the neck of the left condyle.

assessment of the laminar space between the posterior pillar and
spinolaminar line. Abrupt variation in this space has been shown to
be an accurate method of determining rotational abnormality of a
vertebral column, either with or without a fracture of the articular
pillar (Figs 44.15, 44.16). Prevertebral soft-tissue measurements

have traditionally been regarded as being a valuable indicator of
i njury or normality. However, Templeton et al (1987) have shown
these to be of limited value, with the statistical likelihood of under-
l ying injury occurring only at measurements above 7 mm at the C3
and C4 level, and a significant shift towards abnormality occurring
only at measurements above 10 mm.



Fig. 44.12 MRI of the cervical spine: T2 -weighted image. There has been
a fracture of C6, with mild posterior displacement of the dorsal fragment of
the vertebral body (curved arrow). A focal area of high signal within the
spinal cord at this level (straight arrow) indicates a focal cord injury.

Radiographic evaluation
The condition of the patient will determine to a large extent the type

and detail of the initial radiographic examination. The cross-table
lateral view, with the patient supine, is the single most important
radiographic examination. The cross-table lateral view, with the
patient supine, is the single most important radiographic examina-
tion and should be made as soon as the patient is stabilised.
Evaluation of this film alone by an expert in the field will allow
diagnosis of abnormality in the vast majority of cases. All seven
vertebral bodies should be included on the radiographs. A normal
cervical spine will demonstrate a gentle lordosis, but although lack
of lordosis may be due to muscular spasm and indicate spinal
i njury, age, prior trauma, radiographic positioning, flexion of the
spine and the wearing of a hard collar (so commonly seen today)

can all cause alteration in the natural lordosis.
In the lateral radiograph of the resting cervical spine, as well as a

normal lordosis, there should be no disruption of the anterior spinal
line. In flexion, the mid and upper segments of the spine move for-

wards over the next inferior segment with concurrent sliding of
each inferior articular facet over the superior facet of the level
below, up to approximately 30°10 of the length of the articular
surface. A unique phenomenon is seen in children up to the age
of 8, approximately 25% of whom will demonstrate a 'pseudo-
subluxation' at the C2/C3 level, attributed to laxity of the ligaments.
This can be confirmed by examining the spinolaminar line, which
will maintain a normal relationship in cases of pseudosubluxation.
In addition, in approximately 20% of patients in this age group,
over half of the anterior arch of the atlas lies above the tip of the
dens. This should not be misinterpreted as atlanto-axial dislocation.
Furthermore, the space between the posterior surface of the anterior
arch of Cl and the anterior surface of the dens may widen in flexion
by up to 6 min in children, although it remains constant in adults.

Kyphosis, or a localised flexion angulation, may be mild or
severe, and can occur as a result of narrowing of the vertebral
bodies anteriorly, as in a wedge compression fracture. Alternatively,
widening of the interspinous distance and/or interfacet joints poste-
riorly indicates posterior ligamentous disruption, as seen in hyper-
flexion sprains (Fig. 44.17) (see below). Both of these appearances
i ndicate a hyperflexion force as the cause of injury, and they may
occur together. Asymmetry of the disc space is also a useful sign,

Fig. 44.11 3D CT of
the spine. Note crush
fracture of the body of
LI, with anterior sub-
l uxation of T12 on LT.

Fig. 44.13 MRI: spinal cord
contusion. This gradient-echo
sequence shows a focal area of
decreased signal in the cord
posterior to the hyperplexion
teardrop fracture of C5 (arrow-
head), compatible with intracel-
l ular deoxyhaemoglobin. There
is surrounding high signal
oedema.
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Fig. 44.15 Unilateral facet
dislocation. There is an abrupt
change in the laminar space
(between the spinolaminar line
and the posterior articular pillar
li ne) at the C3-C4 level, indicat-
i ng rotation. There is also a mild
anterior subluxation of C3 on
C4.

Fig. 44.16 Unilateral facet
fracture-dislocation. There is
a mild anterior subluxation of
C5 on C6; also there is
overlap of the posterior artic-
ular pillar lines at C6, but
separation at C5, indicating
rotation. The superior facet
of C6 has been fractured,
and rotated forwards with
the anteriorly displaced infe-
rior facet of C5 (arrow).

the neural foramina, and may clarify a fracture of the articular

pillars or a unilateral facet dislocation. `Pillar views' of the cervical

spine are also advocated by some authors. However, it can be

argued that these additional views are superfluous; if an abnor-

mality is not seen by routine plain film evaluation in a clinical

setting suggestive of a fracture or dislocation, more definitive addi-

tional studies are mandatory in any case. These will include flexion-

extension lateral radiographs, CT or MRI. These methods will

Fig. 44.14 Normal cervical spine. Five lines should be drawn in the
mind. A and P are the anterior and posterior longitudinal lines respec-
tively.These run along the margin of the anterior and posterior longitudinal
l i gament. L is the spinolaminar line, which runs between the anterior
margin of the dorsal spines, outlining the posterior margin of the spinal
canal. The asterisks represent the spinous line, along the posterior margin
of the dorsal spines. F is the posterior pillar line, along the posterior margins
of the articular pillars. Note divergence of the posterior pillar line in the
upper and mid spine, due to mild positional rotation.

and may indicate ligamentous damage to the longitudinal ligament

at the site of widening.

Additional plain radiographic examination of the patient with a

suspected spinal injury may include an AP view, and an open-

mouth AP odontoid view. The incidence of injury to C7 in cervical

i njuries has been reported at 30%, although in the author's experi-

ence this figure would appear to be on the high side. Because of dif-

ficulty in demonstrating this region, in some patients, additional

evaluation with CT may be needed in the symptomatic or compro-

mised patient. Oblique views are reported to be useful for defining



Fig. 44.17 Hyperflexion sprain/wedge compression
fracture. There is a wedge compression fracture of C6
with marked widening of the interspinous distances of
C5-6; also, widening of the facet joint at C5-6, with near
' perching' of the inferior facets of C5 on the superior
facets of C6.

Flexion teardrop fracture
This occurs with flexion injuries when there is a compression frac-
ture of the anterior aspect of the vertebral body inferior to the level
of the injury (Fig. 44.20), caused by a compression force on the
anterior vertebral body, as the fulcrum of the rotational force on the
vertebra is in a central position in the vertebral body, allowing dis-
traction posteriorly but compression anteriorly. This may also be
associated with a posterior displacement of the posterior portion of

the affected vertebral body, causing spinal cord compression.

Wedge fractures
These occur when there is wedging of the anterior aspect of the
vertebra, without ligamentous injury or posterior displacement of
fragments. This usually means less than 30% compression of the
anterior vertebra, and is associated predominantly with axial load-
i ng as well as hyperflexion.

These injuries usually involve anterior subluxation of a vertebral
body, with respect to the vertebra located inferiorly. Flexion exten-
sion views are invaluable in cases in which injury is expected but
not immediately visible, or when minor abnormality such as
asymmetry of a disc space or questionable `fanning' of the spinous

processes is seen. However, they should never be obtained when
there is clear radiographic evidence of vertebral displacement or
ligamentous injury. Also, in the acute setting, muscular spasm may
prohibit movement of the spine, thus invalidating the technique.

Pure hyperflexion injuries are associated with posterior ligamen-
tous injury of the spine. Depending upon the severity, the ligaments
will be involved in the following order:

1. Interspinous ligaments, giving rise to widening of the inter-
spinous distance.

2. The ligamentum flavum and capsular ligaments, which gives
rise to more marked widening of the interspinous distance, and
widening or subluxation of the facet joints (Fig. 44.17).

3. The posterior longitudinal ligaments, allowing widening of
the posterior disc space (Fig. 44.18).

4. Disruption, or stripping of the anterior longitudinal ligaments
allowing subluxation of the facets and ultimately bilateral dis-
locationfacet (Fig. 44.19). This is usually associated with anterior
subluxation of 50% or more of the vertebral body above the injury,
and will cause stripping or rupture of the anterior longitudinal
ligament.

These include hyperflexion sprain, flexion compression fractures,
flexion teardrop fractures, bilateral facet dislocation, and if rotation
also occurs, unilateral facet lock.

provide additional information of abnormality, or confirm normal-
ity, and are indicated in the symptomatic patient, whether the
oblique and pillar views demonstrate abnormality or not.

Classification

Most classification systems for cervical spine injury are based on
the classic paper by Whitley and Forsythe (1960). These regard the
forces acting on the spine as flexion, extension, rotation, compres-
sion or a combination of the above. Each fracture force will be
covered below.
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Fig. 44.18 Hyperflexion
sprain. Note widening of the
interspinous distance at C5/6,
with additional widening of
the facet joints, and superior
subluxation of the facets of
C4 on C5 and posterior inter-
vertebral joint. This picture
i ndicates severe ligamentous
disruption.
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Fig. 44.21 Hyperextension fracture of the articular pillar of C3. (A) There
i s obvious bone disruption of the posterior elements of C3, i nvolving
both the articular pillars, (closed arrow) and lamina (open arrow).
(B) Tomography demonstrates the crush fracture of the articular pillar, with
posterior displacement of the posteroinferior fragment (arrow).

the spinous process may be identified on the frontal view, due to its
being `rotated' away from the midline.

Fig. 44.19 Bilateral locked
facet. C2 has leap-frogged
over C3, and now lies with its
i nferior facets anterior to the
superior articular facets of C3.

In general, hyperextension injuries are associated with rupture of
the anterior longitudinal ligament. This causes widening of the
anterior disc space, and may cause prevertebral soft-tissue swelling.
It must be remembered, however, that positioning of the head in the
neutral position by a well-meaning passer-by, or the placement of a
cervical collar at the scene of the accident, may largely restore any
displacement. so that on initial inspection the radiograph can appear
grossly normal. Hyperextension teardrop fractures may occur,
usually at the anterior inferior aspect of the vertebral body involved,
indicating the site of avulsion of the anterior longitudinal ligament.
A further effect of hyperflexion, however, may be to cause an axial
l oad on the posterior elements, giving rise to crush fractures of the
articular pillars (Fig. 44.21) and narrowing of the interspinous dis-
tance. Fractures through the spinous process may also occur, due to

axial compression. Facial injuries are often associated with these
fractures.

Fig. 44.20 Flexion teardrop fracture of C5. Note anterior compression of
C5, with a fracture of the anterior inferior aspect. A very small avulsion is
also seen at the anterior, inferior aspect of C4.

Unilateral facet dislocation
When a rotational force is combined with hyperflexion, unilateral
facet dislocation occurs. In such cases, the facet on the abnormal
side rotates up and over the subjacent facet. The contralateral side
acts as the fulcrum and is not involved in the injury. On the abnor-
mal side, there is either `locking' of the inferior articulation of the
facet of the rotated vertebra, anterior to the superior articulation of
the facet of the normally positioned lower vertebral body, or-as
occurs in approximately 30% of cases-there is a fracture through
one of the articular facets, usually the superior facet of the lower
vertebral body. In general this fracture is horizontally orientated,
indicating the rotational shearing nature of the force. Radio-
graphically, the vertebral body of the rotated vertebra is displaced
anteriorly, varying in degree up to approximately 20% of the verte-
bral body. Change in the laminar/facet interspace is an accurate
assessment of rotational anomaly (Fig. 44.15). An apparent shift of

Hangman's fracture
This injury, misnamed because of a superficial resemblance to frac-
tures seen in victims of hanging, occurs with hyperextension of the
head, and therefore a form of axial loading on the posterior ele-
ments of the upper cervical spine caused by posterior rotation of
the head in the sagittal plane (Fig. 44.22). The injurious force is in
effect delivered by the occiput as it moves in an inferior and ante-
rior direction, as a result of the posterior rotation of the skull. This
causes the injury force vector to be delivered in an inferior and
anterior direction, giving rise to a corresponding oblique fracture
through the posterior arch of C2, which may extend into the body
of C2. This fracture may be extremely unstable, although the spinal
cord is usually spared due to the large AP diameter of the spinal
canal at this level. The fracture may also extend into the vertebral



Jefferson fracture: burst fracture of C1
In these injuries, axial loading causes compression of the lateral

masses of CI between C2 and the occipital condyles. Because of

Fig. 44.24 J efferson burst fracture of C1. (A) The lateral view indicates anterior displacement of the anterior arch of C1 with respect to the odontoid
process (open arrow). There is marked prevertebral soft-tissue swelling (closed arrows). (B) The AP view demonstrates lateral displacement of the lateral
masses of C2. (C) Axial CT of Jefferson fracture of atlas. Contrast in subarachnoid space outlines cord.

canals, risking injury to the vertebral arteries. A similar fracture
pattern may occasionally be seen at lower levels in the spine
(Fig. 44.23), a so-called `low hangman's' fracture.

Fig. 44.23 Low Hangman's fracture. Note the similarity to the Hangman's fracture pattern,
but at a lower level. (A) There is anterior subluxation of C5 on C6, with an oblique fracture
through the posterior arch of C5, indicating the anterior/inferior direction of the force vector,
from the posterior elements of C5, caused by massive hyperextension. This is a fracture pattern
typical of the hangman's fracture at C2. (B) Diagrammatic representation of the 'low
hangman's' fracture. The extension force has a rotary configuration (small arrow heads), with
an inferior/anterior component to the vector (large arrow), as in the true hangman's fracture.

Fig. 44.22 Hangman's fracture. Classical oblique
fractures through the pars interarticularis of C2 are
associated with anterior subluxation of the body of C2.
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the anatomy of the region, and wedge shape of the lateral masses, a

laterally directed force vector is produced, giving rise to lateral
displacement of the masses of CI (Fig. 44.24), thus disrupting the
ring. This can he appreciated on the AP odontoid view, but usually
gives rise to anterior displacement of the atlas relative to the odon-

toid process. Prevertebral soft-tissue swelling is usual.

Burst fracture
This is caused by axial loading and the vertebra is shattered, often
in all directions. The importance of this injury lies in the possibility
of posterior displacement of fragments into the spinal canal.

Fig. 44.27 Os odontoideum.
The tip of the odontoid process is
separated from the body, with
smooth, well-corticated margins
(arrows).

Spinous process fracture
This most commonly occurs at C7, and is often seen as an avulsion
i njury (clay shoveller's fracture). However, it may occur in direct
trauma, or from compressive hyperextension (see above), or as the
result of forced hyperflexion.

Odontoid fractures
Fractures of the odontoid have traditionally been divided into three
types; Type 1, in which the fracture is through the upper aspect of
the odontoid process; Type 11, in which the fracture occurs through
the base of the odontoid (Fig. 44.25); Type lll, where the fracture
extends into the body of C2 (Fig. 44.26). More recently there has
been a move towards classifying them as either high or low, the
latter fractures extending into the body of C2, and hence represent-
i ng the Type Ill fractures of the past. Non-united Type I fractures

i nvolving the superior aspect of the odontoid process are arguably
the cause of the so-called ox odontoideum, although a congenital
non-union has also been suggested (Fig. 44.27). Odontoid fractures
may be seen on the AP odontoid view, but should not be confused
with artefacts from the posterior arch of the atlas (Mach effect)
(Fig. 44.28) or overlying teeth. Type Ill (low) fractures extending

i nto the body of C2 may cause disruption of the cortical `ring' of
the lateral aspect of the body of C2, seen on the lateral view
(Fig. 44.26). There may also he an anterior tilt of the dens and
hence anterior displacement of C1 with respect to the ring of C2.

Rotational injuries
Pure rotational injuries are rare, but may give rise to rotational (rota-
tory) subluxation. This is usually at the CI/C2 level, and in children
may give rise to torticollis. Although the condition may be self-
limiting, occasionally it persists. It is best appreciated on open-
mouth odontoid views, in the AP and both oblique projections,
although tomography may be needed for full evaluation (Fig. 44.29).

Additional rotational injuries are those associated with axial
l oading or hyperextension, both of which can give rise to unilateral
facet dislocation (see above).

Fig. 44.28 Mach effect. An
apparent fracture through the
base of the odontoid process
is due to the overlying poste-
rior ring of C1 (arrows).

Fig. 44.26 Low (Type
I I I ) odontoid fracture. (A)
The lateral radiograph
demonstrates interruption
of the radiographic 'ring'
of the body of C2
(arrows). (B) CT demon-
strates the nature of the
fracture, through the body
of C2.

Fig. 44.25 Low (Type II)
odontoid fracture. The
fracture passes through
the base of the odontoid
process with slight separa-
tion, and anterior displace-
ment of the odontoid
process and ring of C1.
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Fig. 44.29 Rotatory subluxation of C1 on C2. Despite a nearly perfect AP
view (A), there is asymmetry of the C1 /C2 articulation with narrowing of
the left (arrow), which cannot be attributed to patient positioning. This
suggests a rotation of C1 on C2, confirmed (B) by lateral tomograms,
which indicate subluxation of the articular surfaces (arrows).

Fig. 44.31 Compression fracture: mild crush fracture of the body of T5,
with a paraspinal soft-tissue 'mass' (arrows) due to haemorrhage.

fractures), or acute flexion injuries, although rotation, and shearing

may also play a role as in the cervical spine. The thoracic spine is

somewhat less prone to injury than the lumbar spine, due to the

additional protective effect of the ribs and thoracic cage. However,

it must be remembered that the large size and stability of the verte-

brae relative to the cervical spine, mean that large forces are gener-

ally required to cause injury to the thoracic and lumbar spine.

Additional injuries, both skeletal, and to the soft tissues and internal

Fig. 44.30 Crush fracture L1. The interpedicular distance is widened,
i ndicating lateral displacement of the pedicles, and hence 'bursting' of the
ring formed by the vertebral body and posterior elements. Water-soluble
contrast medium is present in the subarachnoid space.

Fractures in the thoracolumbar spine are generally the result of
severe flexion and axial loading, as in falls from a height (crush

Fig. 44.32 Compression fracture of L2. (A) Plain lateral radiograph indi-
cates wedging of L2, with posterior bulging of the dorsal margin. (B) CT
scan demonstrates the extent of the impingement of the dorsal fragment
upon the spinal canal.



Fig. 44.35 Lateral compression pelvic fracture classification. (A) Type I . Posteriorly positioned lateral force causes compression of the sacrum, and 'hori-
zontal' or buckle fractures of the pubic rami. (B) Type II. The force is delivered more anteriorly, causing inward rotation of the anterior pelvis around the
anterior aspect of the sacroiliac joint. Either disruption of the posterior sacroiliac ligaments or fracture of the iliac wing (shown here) results. (C) Type III.
The lateral force on one side is transmitted to the contralateral side, causing an externally directed force to 'open' the contralateral pelvis. Disruption of the
major anterior ligamentous groups (anterior sacroiliac, sacrotuberous and sacrospinous) occurs. (Reproduced with permission of Urban and
Schwartzenberg from Young and Burgess (1987).)

Fig. 44.33 Compression fracture L2. (A) Again there is wedging and
compression of L2, with evidence of body debris overlying the spinal canal
(arrows). (B) CT reconstruction indicates the position of the bone fragments
and narrowing of the canal.

organs, therefore, are frequently present. A special type of flexion
injury is also commonly seen in seat-belt injuries in car accidents
(see below). As in the cervical spine, ligamentous injury can usually
be appreciated by subluxation, either anterior or lateral. Widening
of the interpedicular distance or disc space, as well as paravertebral
swelling in the thoracic region, are signs of injury which should be
sought on plain radiographs (Figs 44.30, 44.31).

Compression injuries cause 'burst fractures' or, when associated
with flexion, wedge compression fractures, usually more marked at
the anterior margin (Figs 44.32, 44.33). Lateral compression may
also occur, but is less common. Crush fractures are common in
victims of falls, and in the lumbar spine are associated with frac-
tures of the calcaneus, 'piton' fractures of the tihial plafond and ver-
tical shear pelvic fractures (see below). Conversely, these injuries to
the pelvis and lower limb should warn of possible spinal trauma,
particularly of the upper lumbar region. All forms of compression
fracture require CT to evaluate for posterior displacement of frac-
ture fragments, and impingement upon the spinal cord (Figs 44.32,

Fig. 44.34 Lap-belt injury: Smith fracture. (A) There are horizontal frac-
tures extending posteriorly from the dorsal surface of the vertebral body,
through the pedicles (arrows). (B) The AP view demonstrates the character-
istic 'horizontal' defects in the pedicles (arrowheads).

44.33), as plain films are inadequate to assess this parameter, and
the extent of injury.

Seat-belt injuries
These are caused by massive localised hyperffexion, typically the
result of sudden deceleration, in a car accident, when the occupant
i s restrained by a lap seat belt. In general there is very little, or no,
anterior wedging of the vertebral body, suggesting a distracting
hyperflexion force. The fractures arc subdivided into three groups.
Type I, the 'Chance fracture', extends horizontally from the spinous
process into the vertebral body, passing through the articular pillars
and pedicles; Type 11, the Smith fracture, is similar, but does not
i nvolve the spinous process (Fig. 44.34); Type III involves one side
only, due to a rotational component of the force responsible.

Much confusion has arisen over pelvic fractures, due to a lack of a
l ogical and meaningful classification system. Traditionally, pelvic
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Fig. 44.38 Lateral compression Type III. There are crush fractures of the
right sacrum (closed arrow) and left pubic rami. Note diastasis of the left
sacroiliac joint (open arrow) and lateral displacement of the whole of the
anterior pelvis to the left. Fractures of the right pubic rami are also seen.

ever, are in the vertical plane, in contrast to lateral compression
fractures. This is demonstrated diagrammatically in Figure 44.30.

The more severe Types II and Ill fractures relate to increasing
posterior ligamentous injury, and hence increasing instability
(Figs 44.39-44.41). In Type 11 fractures, the anterior sacroiliac,
sacrospinous and sacrotuberous ligaments are disrupted, allowing
wide splaying of the anterior pelvis (Figs 44.39, 44.40). In Type III
fractures, there is total disruption of the sacroiliac joint (Fig. 44.41).
Fractures of the anterior and posterior acetabular pillars are
common, and posterior hip dislocations are also associated, in con-
trast to lateral compression fractures, when the medial wall of the
acetabulum is at risk (see above).

Fig. 44.36 Type I l ateral compression fracture. A horizontal fracture of
the left (closed arrow) and a buckle fracture of the right (open arrows)
superior pubic ramus are seen. There is a crush fracture of the left sacrum
(long arrows), and a fracture predominantly of the medial wall of the left
acetabulum. (Reproduced with permission of Urban and Schwartzenberg
from Young and Burgess (1987).)

fractures were classified by reference to historical descriptions of
individual fractures, without any connection between them. These
classifications included single fractures of the pelvis and thus were
l argely outdated by the work of Gertzbein and Chenoweth (1977)
who demonstrated that there was always a second site of injury even
i n apparently single pelvic fractures. This is due to the fact that the
pelvis is a bony ring, held together by ligamentous groups posteriorly
and anteriorly. A search for a second site of injury should therefore
always be made in fractures involving the pelvic ring.

The classification system of Young and Burgess (1987) devel-
oped from work by Pennal and Tile, which describes fractures rela-
tive to the force of injury, will he used in this text.

Lateral compression fractures
These are subdivided into three types, depending upon the severity of
the injury, and progressive involvement of the posterior pelvis
(Fig. 44.35). Pubic rami fractures are invariably present, and gener-
ally run `horizontally', or in the coronal plane. Alternatively they may
present as a `buckle' fracture. A common association is a crush frac-
ture of the sacrum (Fig. 44.36). Fracture of the medial wall of the
acetabulum with or without central dislocation of the femoral head is Fig. 44.37 Type II B lateral compression fracture. 'Horizontal' fracture of
also associated (Fig. 44.36). In Type I fractures, there is no ligamen- the right symphysis, and oblique fracture of the left iliac wing, arising from

tons damage, and no posterior pelvis instability. However, with Type the sacroiliac joint. There is moderate medial displacement of the left ante-

II injuries, there is medial displacement of the anterior pelvis on the
rior pelvis. (Reproduced with permission of Urban and Schwartzenberg

side of injury, with either a fracture through the sacroiliac joint and
from Young and Burgess (1987).)

iliac wing, or rupture of the posterior sacroiliac ligaments
(Fig. 44.37). This allows some posterior instability. In Type III frac-
tures, the lateral force on one side of the pelvis is transmitted through
to the contralateral side, so that the force is directed outward
(Figs 44.35, 44.38). This causes `opening' of the pelvis on the eon-
tralateral side, with associated posterior ligamentous disruption.

AP compression fracture
The damaging force in the AP (or PA) direction tends to cause
` opening' of the anterior pelvis (Fig. 44.36), with splaying of the
symphysis pubis and/or fractures of the pubic rami, which, how-

SKELETAL TRAUMA: REGIONAL 1401



Fig. 44.41 Type III AP com-
pression fracture. CT scan
demonstrates complete diasta-
sis of the left sacroiliac joint.

Vertical shear fractures
These commonly result from falls from a height. Fractures occur
through the pubic rami and posterior pelvis, and are vertically ori-
ented (Fig. 44.42). The large lateral hemipelvic fracture fragment
containing the acetabulum is displaced superiorly.

Fractures of the posterior and superior acetabula are often associ-
ated with superior displacement of the femoral head. These injuries
arc associated with fractures of the lumbar vertebrae and calcaneus.

Mixed fracture pattern
These arise from a combination vector of the forces causing injury,
and give rise to a mixed pattern of fracture, the commonest being a
mixed anterolateral pattern (Fig. 44.43), with signs of both AP and
l ateral compression.

Fig. 44.42 Vertical shear fracture pattern. A superiorly directed force dis-
rupts the left hemipelvis, with diastasis (or fracture) through the left sacroil-

i ac region, and fractures of the pubic rami (or symphysis diastasis). The
separated pelvic fragment containing the acetabulum is displaced superi-
orly. (Reproduced with permission of Urban and Schwartzenberg from
Young and Burgess (1987).)

Straddle fractures
It is questionable whether this term should be used at all, as it gives
no useful indication about the underlying mechanism of injury.
Multiple fractures of the pubic rami can occur from lateral, AP
compression or vertical shear fractures and clues should be sought
to the likely force vector, and to associated injuries (Fig. 44.44).

Isolated fractures
Isolated fractures of the sacrum, iliac crest or inferior pubic ramus

may occur, as these do not violate the integrity of the pelvic ring.
Such sacral fractures are usually transverse and may be difficult to
diagnose without a lateral view. Single fractures of a pubic ramus
can be seen, resulting from a direct blow. However this is a rare
occurrence, and additional injury to the pelvis should always he
excluded.

Avulsion injuries
Avulsion injuries of the pelvis occur most commonly as the result
of the muscular exertion during sporting activities. The anterior
superior iliac spine (sartorius), anterior inferior iliac spine (rectus
femoris) and the ischial tuberosity (hamstrings) are the commonest
sites.

Acetabular fractures
Acetabular fractures in general involve one or more of four regions:
the posterior rim, the posterior pillar, the anterior pillar or the

Fig. 44.39 Anteroposterior (AP) compression fracture classification. (A) Type I . Diastasis of the symphysis pubis only. (B) Type II. Diastasis of the symph-
ysis pubis, disruption of the sacrospinous and sacrotuberous ligaments, and anterior sacroiliac ligament. (C) Type III. Total ligamentous disruption, includ-
i ng the posterior sacroiliac ligaments. (Reproduced with permission of Urban and Schwartzenberg from Young and Burgess (1987).)



Fig. 44.44 The so-called 'straddle' fracture is not due to straddling, but,
i n this case, to AP compression. Diastasis of the left sacroiliac joint indicates
a Type III AP compression fracture.

Fig. 44.47 Comminuted right acetabular fracture. CT indicates involve-
ment of predominantly the quadrilateral plate, with disruption of the
medial articular surface. A fracture through the anterior rim of the left
acetabulum is also seen.

rior femoral head. Fractures of the posterior pillar may also be seen

with posterior dislocations of the femur (Fig. 44.46), and, together

with fractures of the anterior pillar. are common in AP compres-

sion fractures of the pelvis. By contrast, fractures involving the

quadrilateral plate are usually associated with lateral compression

forces (Fig. 44.36). Undoubtedly CT provides the most detailed

information about the fracture (Fig. 44.47), and there is a trend

Fig. 44.46 Posterior aceta-
bular pillar fracture. CT scan
demonstrates an extensive
fracture of the posterior
acetabular pillar, again usually
associated with posterior hip
dislocation. A fat-fluid level is
seen in the joint (arrow), with
a small collection of air anteri-
orly, probably a 'vacuum'
phenomenon. The cortical
femoral head defect is again
seen (open arrow).

Fig. 44.43 Combined fracture pattern. (A) AP and lateral compression.
This type of injury gives fracture patterns of both AP and lateral compres-
sion, such as in (B), where there are 'horizontal' fractures of the left pubic
rami, indicating lateral compression, but disruption of the left sacroiliac
j oint, indicating AP compression.

quadrilateral plate. As expected, fractures of the posterior ring are

usually caused by posterior dislocation of the femur (Fig. 44.45).

These are commonly associated with cortical fractures of the ante-

Fig. 44.45 (A) Posterior acetabular rim fracture shown on CT. There has
been a posterior hip dislocation. A characteristic defect described by
Richardson et al (1990) is seen in the anterior femoral head (arrow): it is
si milar to the Hill-Sachs deformity of the humeral head in anterior humeral
dislocations. (B) This type of dislocation may lead to post-traumatic avascu-
l ar necrosis, as shown on this coronal MRI image.
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Fractures of the first and second rib arc usually from major
trauma, and serious associations including pneumothorax, haemo-
pneumothorax, ruptured subclavian artery, pneumopericardium and
tracheobronchial fistula may be seen.

The clavicle
Fractures of the clavicle involve the middle third in 80%, the outer
third in 15% and the medial third in 5% of cases. Overriding of
fragments and inferior displacement of the lateral fragment are
common. Specific views however may be necessary to visualise the
fracture. Fractures of the outer third are divided into two types,
those in which disruption of the coracoclavicular ligaments does
not occur (Type I) and those in which it does (Type 11). Type 11
fractures are associated with greater displacement and a higher
i ncidence of non-union.

The scapula
Fractures of the scapula arc relatively rare, comprising only I 11c of
all fractures. They usually occur from major direct blows, and thus
are commonly associated with other injuries, frequently of the ribs
and clavicle. They may occur in any of the anatomical regions of
the scapula, but are most common in the body (50-70%). They are

Fig. 44.48 Three-dimensional reformatting of a fracture of the left pelvis
and acetabulum, with computerised disarticulation.

Fig. 44.49 MR i mage
of a superior labral tear
of right acetabulum.
T1 -weighted image (fat
suppression and intra-
articular gadolinium)
demonstrates irregular-
i ty of the superior
l abrum (arrowhead).
(Courtesy of William
Conway, MD.)

towards 3D imaging of these fractures. The real advantage of con-
ventional CT over plain radiography lies in its ability to detect
small bone fragments within the joint space. 3D CT has been
shown to miss small undisplaced fracture lines and intra-articular
fragments, although it provides a dramatic representation of the
overall fracture and orientation of fragments (Fig. 44.48).

MRI also has a role to play, particularly with its ability to detect
avascular necrosis (see Chapter 9) (Fig. 44.45), or injury to the
i nternal structures, such as labral tears (Fig. 44.49).

It should be reiterated that ultra-fast multislice CT scanning may
have a significant role to play in the management of acute trauma.
A single multislice scan through the pelvis, particularly if done in
conjunction with IV contrast, will not only provide rapid assess-
ment of the pelvis ring, but can provide a high-quality CT angi-
ogram, and evaluate the pelvic soft-tissue structures, in less than 10
seconds, thus potentially diagnosing not just bone, but vascular and
soft-tissue injury.

The lower ribs are commonly fractured, often from relatively minor
trauma. Pneumothorax and haemothorax may be associated, although
they may be missed on supine radiography, which is often performed
i nitially in the trauma setting. An upright film is preferred and should
he obtained if possible, as pneumothorax or effusion are the important
diagnostic features of rib fractures. Plain radiographic evaluations of
the ribs themselves is of doubtful clinical value.

Fig. 44.50 Anterior dis-
l ocation of the shoulder.
(A) The humeral head lies
medial and inferior to
the glenoid in the sub-
scapular fossa. (B) MR

scan (T,-weighting) fol-
l owing reduction of
anterior dislocation demo-
strates an area of de-
creased signal, indicating
subarticular bone 'bruis-
i ng', possibly leading to
the later radiographic ap-
pearances of a Hill-Sachs
deformity.



not always appreciated clinically in the multitrauma setting, and
may be difficult to see on a supine chest radiograph, even with
careful inspection. Fractures of the glenoid rim occur in approxi-
mately 20% of shoulder dislocations. Isolated fractures of the
spinous process are rare. Fractures of the coracoid process may
occur from anterior humeral dislocations, or from avulsion injuries
(coracoclavicular ligament, coracobrachialis), and may also be seen
from shotgun or rifle recoils.

Dislocations
Dislocations around the shoulder are relatively common and usually
i nvolved the humeral head or acromioclavicularjoint. The humerus
i s most commonly dislocated anteriorly (95%), or in practice, ante-
riorly, medially and interiorly, coming to lie inferior to the corn- Fig. 44.52 (A) Axial fat saturated sequence shows labral disruption as
coid process (Fig. 44.50). This may cause a cortical impaction both well as an osseous defect in the posterior humeral head, indicating a mild
of the superior posterior aspect of the humerus (hatchet or Hill-Sachs deformity not to be confused with the rate Buford complex
Hill-Sachs deformity) (Fig. 44.51), and inferior aspect of the (B) where the labrum is absent, with a hypertrophied middle glenohumeral

glenoid, or may give rise to injury of the anterior portion of the li gament.

glenoid labruni (Bankart lesion) (Fig. 44.52). Although more
common after multiple or recurrent dislocations, the Hill-Sachs
defect can occur after a single episode, and merely represents an
osteochondral fracture. Anterior dislocations present no diagnostic
difficulty.

Posterior dislocations, however, may be difficult to appreciate,
although they should not be missed. In general, they can be appre-
ciated on the AP view by persistent internal rotation of the humerus
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Fig. 44.53 Posterior dislocation of the shoulder. Note the circular appear-
ance of the humeral head and the lack of parallelism between this and the
glenoid fossa. The injury followed a severe electric shock causing muscle
spasm, which had also precipitated compression fractures of the fifth and
sixth thoracic vertebral bodies.

Fig. 44.54 Luxatio erecta. An unusual inferior dislocation of the humerus,
which is 'locked' in abduction.

and asymmetry of the glenohumeral joint (Fig. 44.53). An axillary
view may be impossible to obtain, but a transthoracic or `swim-
mers' view or oblique (Y) view will confirm the diagnosis.

Fig. 44.51 Recurrent
anterior dislocation of
the shoulder. The char-
acteristic defect is well
shown in the axial pro-
j ection (A). A large
defect of this nature
can even be visualised
clearly in the AP projec-
tion, but it is rarely pos-
sible to identify small
defects on a simple
frontal projection; a
film in 60° internal
rotation or a Stryker
view (B) is required.
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Grade I injuries, mild widening of the acrornioclavicular space, but
not the coracoclavicular space. may he seen on stress views.

Humerus
Most injuries result from falls on the outstretched arm, particularly
i n elderly (osteopenic) women. Fractures of the surgical neck or
greater tuberosity are the commonest injuries. Spiral and oblique
fractures are common, usually with displacement or angulation of
the distal fragment (Fig. 44.56), often requiring open fixation.
Radial nerve injury occurs in up to 30% of cases.

I ntra-articular fractures may be mild, as in the Hill-Sachs lesion,
or severe, leading to fragmentation and intra-articular bone frag-
ments. A `drooping' shoulder may he seen, possibly as a result of
capsular, muscular and neurological factors. Osteonecrosis has been
reported in up to 50% of cases.

Rotator cuff and labral injuries
This is the term applied to the conjoined tendons of the supraspina-
t us. infraspinatus, subscapularis and teres minor muscles. The
rotator cuff passes between the humeral head and acromion before
i nserting into the greater tuberosity of the humerus. It separates the
glenohumeral joint from the subdeltoid bursa. Ruptures, either
partial or complete. may be diagnosed by arthrography, although
ultrasound and MRI are gaining popularity as diagnostic tools, and
where available, are the method of choice for evaluating the rotator
cuff (Fig. 44.57).

Fig. 44.55 Dislocation of the acrornioclavicular joint following a fall on
the point of the shoulder. The deformity is accentuated by examination in
the erect position with weights being carried in both hands.

An unusual inferior dislocation (luxatio erecta) is caused by
severe hyperahduction of the arm, whereby the humeral head
i mpinges upon the acromion, which in turn acts as a fulcrum and
causes an inferior displacement of the humeral head with the arm
`locked' in abduction (Fi( , . 44.54).

Acromioclavicular separation is usually the result of a fall on the
outstretched arum or point of the shoulder. The importance of
ac romioclavicular dislocation lies in the trauma to the coracoclavic-
ular ligament. This injury has been classified as sprain (Grade I),
subluxation (Grade II) and dislocation (Grade III) (Fig. 44.55).
Grade Ill injuries are in general obvious on plain radiography, with
both acrornioclavicular, and coracoclavicular separation. In Grade
II injuries, stress views with weight bearing may he needed. In

Fig. 44.56 Fracture
of the surgical neck of
the humerus: axial view.
There is marked dis-
placement of the distal
humerus, with the
comminuted fracture
extending i nto the
humeral head.

Fig. 44.57 MRI ro-
tator cuff injury. Para-
coronal (A) and
parsagittal (B) Complete
tear of supraspinatus,
with retraction of the
muscle belly and loss of
acromiohumeral joint
space.



Fig. 44.58 SLAP injury: T2 - weighted coronal image from MR arthrogra-
phy demonstrates high signal contrast penetrating a defect in the superior
labrum (small arrowhead). Not to be confused with a normal, sublabral
recess, into which the tear extends (large arrowhead).

MRI has also become the most acceptable non-invasive way with
which to examine the internal structure of the shoulder, with its
ability to define disruptions of the internal ligaments and even small
tears of the labra, whether involving the commonly injured anterior
l abrum, the posterior labrum, or even the superior labrum, as in the
SLAP (superior labrum anterior posterior) injury (Fig. 44.58).
However, care must be taken not to misinterpret areas of increased
signal that represent normal structures, as tears. This is particularly

Fracture of the radial head is the commonest elbow injury in adults,
usually occurring as a result of a fall on the outstretched arm. The
fracture line may not be seen initially, but an elbow effusion is a
good warning sign, warranting immobilisation and repeat radi-
ograph in 7-10 days.

Olecranon fractures result from falls onto the point of the
elbow, or avulsions of the triceps insertions. They must be distin-
guished from the unfused ossification centre in children and
young adults.

Supracondylar fractures
Supracondylar fractures are the commonest elbow injury in
children (60%), resulting from a fall on the outstretched hand.
No fracture line may be seen initially on the radiograph, but
haemarthrosis with elevation of the anterior and/or posterior fat
pads is highly suggestive. Volar displacement of the capitellum

is also a helpful sign (Fig. 44.59). These fractures, with associ-
ated vascular damage, may be of importance in the development
of Volkmann's ischaemia of the forearm. The second most
common elbow fracture in children is that of the lateral epi-
condyle, although medial epicondylar fractures are also seen
(Fig. 44.60).

Forearm fractures
Fractures of the bones of the forearm are extremely common,
particularly of the radial head, olecranon process, distal radius
and ulna. The forearm effectively acts as a ring structure and
apparent single fractures may be associated with additional
i njury, either ligamentous or bony. This `closed ring' concept
explains double forearm fractures (Fig. 44.61), i.e. Galeazzi
fractures of the radius with distal ulnar dislocation (Fig. 44.62),
and Monteggia fractures of the ulna with radial head dislocation
(Fig. 44.63). It is therefore essential to examine the wrist and
elbow carefully for additional injury in `single hone' forearm
fractures.

Fig. 44.60 Avulsion of medial epicondyle of the humerus. The centre for
the lateral epicondyle has ossified in this child, therefore the medial epi-
condyle should also have appeared. It is not in its normal location but lies
within the medial compartment of the elbow joint.

Fig. 44.59 Supracondylar fracture of humerus. The left humerus is
normal; the line extending from the anterior cortex of the shaft passes
through the middle third of the capitellum. A similar line on the right cuts
the posterior third of the capitellum, indicating the anterior displacement of
the fragment. A haemarthrosis of the right elbow joint displaces both fat
pads.
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true of the normal recesses that may be found between the labra,
and articular cartilage in the anterior, and superior labra.
Developmental absence of a portion of the anterior labrum is also
seen in the Beuford complex.
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Fig. 44.64 Fracture of the distal radius with dorsal angulation of the
distal fragment. Although frequently referred to as Colles' fracture, the
extension of the fracture to the articular surface, seen on the AP view, indi-
cates that this is a Barton's fracture.

Fig. 44.61 Fractures through both Fig. 44.62 Galeazzi fracture.
forearm bones are seen. Apparent Dislocation of the distal ulna
' shortening' of the distal ulna, with accompanies the radial fracture.
marked angulation, suggests distal
radioulnar joint injury.

Fig. 44.65 Although commonly referred to as a Smith's fracture, the
i nvolvement of the articular surface indicates that this should more cor-
rectly be called a reverse Barton's fracture.

Smiih's fi-actro -e is the reverse of the Colles' fracture, with volar
angulation of the distal fragments of the radius. In Barton's frac-

f are, the fracture line extends through the dorsum of the distal

radius to involve the articular surface. If the volar radial rim is
i nvolved, this is a reverse Barton's fracture (Fig. 44.65).

Fig. 44.63 Monteggia fracture-dislocation. There is a comminuted frac-
ture of the ulna with dislocation of the radial head.

I njuries around the wrist
As mentioned above, injuries of the distal radioulnar joint are com-
monly associated with fractures of the radius and ulna, either alone
or in combination. Injury to the wrist, and in particular disruption of
the triangular hbrocartilage complex (TFCC), should be excluded
i n forearm fractures. TFCC disruptions may also he seen following
a fall onto the outstretched hand. Arthrography is commonly used
i n evaluating TFCC disruptions, although MRI is gaining in popu-
l arity as a method of evaluating the wrist joint. The TFCC is, in The scaphoid bone is the most common carpal hone to be frac-
general, well seen on MRI, although consistent visualisation of the tuned. Once again, initial radiographic examination may be nega-
i ntercarpal ligaments has been less successful, and requires the tive and a follow-up X-ray should be performed in 7-10 days
highest quality of images. after immobilisation if there is a clinical suspicion (Fig. 44.66).

The distal forearm is one of the commonest sites of fracture in Alternatively, a radionuclide hone scan my he helpful. Non-union
the entire body, and most fractures are associated with eponyms. In and osteonecrosis of the proximal fragment are important compli-
Colle.c' fracture, the distal radius is fractured and angulated dor- cations, particularly in fractures of the proximal scaphoid, as the
sally, giving rise clinically to the `dinner-fork' deformity of the vascular supply enters in the middle of the hone. Dorsal avulsion
wrist (Fig. 44.64). The ulnar styloid is fractured in over 5f)% of fractures of the triquetrum are the second most common and may
cases, and there is almost invariably distal radioulnar dissociation. he appreciated best on the lateral view. The other carpal bones



Fig. 44.68 (A) Normal
alignment of the wrist allows
a continuous line to be
drawn through the radius,
l unate and capitate. (B) Ab-
normal alignment: palmar
flexion instability (volar inter-
calary segment carpal insta-
bility: VISI). The lunate is
rotated towards the palmar
surface of the wrist, with the
capitate rotated towards the
dorsal surface. (C) Dorsi-
flexion i nstability (dorsal
i ntercalary segment carpal
i nstability: DISI)-the con-
verse of B.

Fig. 44.67 Normal carpal relationship.
The proximal and distal carpal lines
define the normal carpal relationship on
the PA projection.

Fig. 44.70 Arcs of injury of the wrist.
1 = The greater arc: pure injury of the
greater arc gives rise to a transcaphoid,
transcapitate, transhamate and trans-
triquetral dislocation. 2 = The lesser arc:
i njury here gives rise to lunate or peri-
l unate dislocation.

Fig. 44.69 (A) In the
normal wrist, the scaphoid

l ong axis at approximately
45° (30-60°). (B) Rotatory
subluxation: the long axis
of the scaphoid is tilted in a
volar direction.

are only rarely injured, except for the hamate, the hook of which
may be detached acutely by blows on the proximal palm of the
hand, or by chronic trauma, such as from holding a tennis racquet
or golf club.

Dislocation of the carpus
Dislocations of the carpus are complex, but are best appreciated by
understanding two important concepts.

I . On the postero-anterior view, two major areas define the carpal
relationship (Fig. 44.67): the proximal and distal carpal lines, fol-
l owing the proximal and distal margins of the scaphoid, lunate and
triquetrum respectively. These lines should he roughly parallel, and
the intcrcarpal joint spaces should be approximately equal.

2. On the lateral view of the normal wrist in its neutral posi-
tion, a straight line can be drawn through the long axis of the
radius, lunate and capitate (Fig. 44.68). This should intersect a
l ine drawn along the long axis of the scaphoid at 30-60°
( Fig. 44.69). A variation of the angle of any of these lines
indicates carpal instability. Other patterns of instability are
triquetrohamate instability (dissociation) and triquetrolunate

Fig. 44.66 Scaphoid dissociation, usually diagnosed by abnormal motion on fluo-

fracture. There is a roscopy.
mild cortical irregular-

i ty of the radial side of Examination of carpal trauma has led to the concept of two `injury

the waist of the arcs' in the wrist (Fig. 44.70), enabling a sequence of injuries to be
scaphoid. A faint frac- predicted. The sequence usually begins on the radial side with
ture l i ne extends rotary subluxation of the scaphoid and scapholunate dissociation
through the waist.

(see below). Stage It is the perilunate dislocation (see below), fol-
l owing failure of the radiocapitate ligament. In Stage III, injury to
the radiotriquetral ligament and dorsal radiocarpal ligaments gives
rise to triquetral malrotation and triquetrolunate dissociation, and
i n Stage IV injury, there is disruption of the dorsal radiocarpal liga-
ment, allowing complete dislocation of the lunate.

In lunate dislocation, the normal anatomy of the proximal carpal
row is lost, and the lunate is usually seen to overlap the capitate,
hamate and triquetrum on the PA view, also taking on a triangular,
rather than a rectangular shape (Fig. 44.71). On the lateral projec-
tion, the lunate is seen overlying the volar aspect of the wrist, in an
abnormal orientation.

In perilunate (± transcaphoid fracture) dislocation, the whole of
the carpus (minus the proximal scaphoid pole in trans-scaphoid

SKELETAL TRAUMA: REGIONAL 1409



141 0 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 44.73 Scapholunate dis-
sociation: 'Terry-Thomas' or
'tooth gap' sign. There is wide
separation of the scaphoid and
l unate.

Fig. 44.71 Dislocation of the lunate. In the anteroposterior projection
the lunate bone appears to be triangular instead of quadrilateral in shape,
and the lateral projection shows clearly that it is displaced forwards. The
distal concavity no longer contains the base of the capitate. Because this
appearance is perhaps intermediate between a lunate and a perilunate dis-
l ocation, it is better referred to as a dorsal midcarpal dislocation. A chip
fracture of the proximal scaphoid is also present.

Fig. 44.74 I ntercarpal liga-
ment disruption: arthrogram.
I njection of the radiocarpal joint
has resulted in filling of the
i ntercarpal joint as well. Con-
trast medium is seen passing
between the lunate and tri-
quetrum (arrowhead), indicat-
i ng ligamentous disruption.

Fig. 44.72 (A,B) Perilunate dislocation of the carpus. With the exception
of the lunate, the whole of the carpus has been dislocated dorsally in rela-
tion to the radius. Both the radial and ulnar styloid processes have been
fractured. Note loss of articulation between lunate and adjacent carpal
bones.

i njuries) is dislocated posteriorly with respect to the Innate. This is

usually evident of the PA view, but again is clear on the lateral

projection (Fig. 44.72).
Scapholunate dissociation is identified by widening of the

scapholunate joint, often exacerbated on clenching the fist (Terry-

Thomas sign) ( Fig. 44.73). This may be seen in rotational (rotatory)

dislocation of the scaphoid.

Although arthrography has traditionally been the method of

choice for examining the intercarpal ligaments, high quality MRI

scanning is gaining acceptance. When arthrography is performed.

some authors advocate injection of all three wrist conmpartnicnts,

although care['ul examination with video fluoroscopy after injection

of the radiocarpal joint alone will define the vast majority of

i njuries (Fig. 44.74).

Fig. 44.75 Bennett's fracture-dislocation. The
articular surface of the base of the first metacarpal
i s involved and the main portion of the bone is dis-
placed proximally in relation to the trapezium.

The hand
Hand injuries are common and usually present no diagnostic dif-

ficulty.

' Bennett's fracture' is a fracture-dislocation of the base of the

first metacarpal with involvement of the articular surface, usually

associated with 'dislocation' of the major fragment (Fig. 44.75).
Another important injury in the thumb is avulsion of the ulnar

aspect of the base of the proximal phalanx, clue to forced radial or

posterior hyperextension. This injury is due to avulsion of either the

ulnar collateral ligament or the adductor policis and creates instabil-



Fig. 44.78 I njuries of the knee and leg.
(A) Supracondylar fracture of the femur
with extension to involve the articular
surface. (B) Transverse fracture of the
patella with wide separation of frag-
ments. (C) Vertical fracture of the patella
visible only in the axial projection.
(D) Fracture of the lateral condyle of the
tibia and neck of fibula. This injury has
resulted from forced abduction, with
impact of the surface of the lateral
femoral condyle upon the tibia.
I nvolvement of the articular surface is
minimal and this injury carries a good
prognosis. (E) A more severe fracture of
the lateral tibial condyle with a crack
running downwards into the tibial shaft.
This has been caused by complete
rupture of the internal lateral ligament
and the cruciate ligaments, so that the
lateral margin of the femur has impacted
upon the surface of the lateral tibial
condyle to produce the injury. The articu-
l ar surface is involved. The neck of the
fibula is also fractured. (F) Avulsion injury
to extrasynovial intercondylar region of
tibia.

Fractures around the knee include femoral fractures (see above),

patellar fractures and tibial plateau fractures (Fig. 44.78). The only
difficulty with patellar fractures may be in differentiating them

from a bipartite patella when the fracture is single and involves the

Fracture of the femoral neck and intertrochanteric frac-
tures are common injuries following a fall, particularly in the

elderly when osteoporosis is present (Fig. 44.77). Nevertheless,

because of the age of many of the patients, underlying pathology

such as metastasis should always he excluded. These fractures may

be extremely difficult to define radiographically and radionuclide

bone scan may be indicated, particularly with a strong clinical sus-

picion. A faint ill-defined linear density across the femoral neck,

i nterruption of trabecular lines, and subtle cortical disruptions may

be the only radiological signs.

Fig. 44.76 Boxer's fracture: a fracture of the distal aspect of the fifth
metacarpal, with volar angulation of the distal fragment.

i ty and loss of forceful adduction if left untreated. Although named

the `mechanical bull' thumb, this is more common in skiing

i njuries, from falling into snow without releasing the ski pole. The

` boxer's' fracture of the fifth metacarpal is a common injury pre-

senting in accident and emergency departments (Fig. 44.76).

Fractures of the femoral shaft are almost always a sign of

significant trauma, often in multitrauma victims (see Fig. 43.3). In

trivial trauma, underlying pathology should always be suspected.

Fractures of the distal femur are frequently intra-articular and

give rise to angulation of the distal fragments and disruption of the

knee joint.

Fig. 44.77 A fracture
of the femoral neck
may be identified as a
lucency interrupting the
trabecular pattern, and
the femur is externally
rotated distal to the
fracture.
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Fig. 44.83 Bone 'bruising' of the femoral condyle, following knee dislo-
cation. MRI gradient-echo image, showing the typical appearances of a
focal area of increased signal.

lipohaemarthrosis in the suprapatellar bursa, indicating an intra-
articular process (see Fig. 43.6). Tomograms may be needed in

tibial plateau fractures to determine any depression of fragments.
CT is also gaining popularity as a method of evaluating the extent
of injury. Injuries to the menisci traditionally have been examined

by arthrography. However, in most centres MR1 has superseded
arthrography by virtue of its improved sensitivity and patient
comfort. Not only can it define abnormality of the menisci
(Fig. 44.79), but it can also identify abnormality of the supporting
ligaments (Figs 44.80, 44.81), surrounding soft tissues (Fig. 44.82)

Fig. 44.81 Posterior cruciate tear: There is loss of detail, and structure of and bony structures (Fig. 44.83).
the ligament. Fractures of the shaft of the tibia are usually oblique or spiral,

although transverse fractures also occur. There is invariably
superior margins. This should be evident clinically and is usually an associated fracture of the fibula, again indicating the association
clear radiographically although confusion may arise. of double injuries with bony `ring' structures. Complications of

Fractures of the tibial plateau are obvious in general cross-table tibia] fractures include a high incidence of open injuries and
lateral radiograph which demonstrate a fat-fluid level of delayed union, usually the result of high-energy impact forces.

Fig. 44.80 MRI of anterior
cruciate tear: There is loss of
detail of the ligament, which is
replaced by an amorphous col-
l ection of haematoma and
debris.

Fig. 44.82 Meniscal cyst: MRI (T2 -weighted). There is increased signal in
a well-defined fluid collection (arrow) arising from the medial meniscus.

Fig. 44.79 MRI of tear. There is a linear area of increased signal extend-
i ng through the meniscus to the inferior surface. These changes indicate a
complete tear.
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malleoli (i.e. whether horizontal or oblique) will indicate the side
from which the force of injury was derived, the horizontal
fracture occurring on the side of injury, and the oblique fracture
on the opposite side. If no fracture is present, stress views may be
i ndicated, to evaluate for ligamentous damage. Again, however,
MRI is gaining in popularity for evaluating the ankle, due to its
ability to demonstrate ligamentous injury, particularly the
i nternal ligaments, and injuries to the surrounding tendons
(Fig. 44.85).

MRI is also the method of choice for evaluating the tendons
around the ankle and foot. Although injury to the Achilles tendon is
usually readily seen, injury to the smaller tendons may also be
appreciated.

Talar fractures are generally avulsions or fractures through
the waist, usually as a result of forced dorsiflexion. These are often

Stress fractures
These are found in those who inflict chronic stress on the leg
(joggers, ballet dancers, etc.). The proximal shaft is the common-
est site, but they may occur at any site. Pain and increased uptake
on bone scan are the earliest signs. Periosteal reaction follows.
Chronic stress fractures exhibit abundant surrounding sclerosis
(see Fig. 43.18). Early diagnosis can be made by MRI, before
radiographic changes become apparent (see Fig. 43.17).

The most detailed (and complex) classification of ankle fractures,
that of Lauge-Hansen, is based on classifying the injury accord-
ing to the nature of the causative force, much as in the pelvis and
spine. However, as well as using the parameters of external
rotation, abduction, adduction and dorsiflexion, the classification
is complicated by whether the foot is in pronation or supination
at the time of injury. A similar system regards ankle injuries as
being the result of forced supination or pronation, and forced
adduction or abduction with some variation being imparted by

external (or rarely internal) rotation (Fig. 44.84) when injuries
to the tibial plafond (usually posterior) may result. In practice,
the injury patterns obtained using this less complicated system

are the same as those described in the Lauge-Hansen classi-
fication.

Radiographically, symmetry of the ankle mortise should be

sought, as asymmetry may be the only indication of significant
ligamentous injury. In addition, the nature of the injury to the

Fig. 44.85 MRI of the ankle: rupture of the Achilles tendon. There is
gross irregularity, and widening of the tendon above its insertion, with
areas of increased signal, within and surrounding the tendon sheath.
Normal low-signal-intensity tendon is not present in the expected region,
due to muscle retraction.

Fig. 44.84 Diagram of the major varieties of injuries of the ankle.
(A) Adduction/inversion injury of the ankle. The fracture on the tension side
(lateral malleolus) is transverse. The medial malleolar fracture is oblique.
(B) Additional external rotation gives rise to an oblique or spiral fracture of
the fibula ± fracture of the posterior aspect of the tibial plafond.
(C) Abduction (eversion) injury. The fracture on the tension side (medial
malleolus) again is transverse; with external rotation, fracture of the poste-
rior aspect of the tibial plafond may occur, as shown. (D) Forced dorsiflex- Fig. 44.86 (A,B) Fracture-dislocation of the talus. There is a fracture
ion. Comminution of the tibial plafond is expected, particularly involving through the waist of the talus, with complete dislocation of the posterior
the anterior aspect. fragment.
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Simple rib fractures arc only of importance from the point of

view of the associated pain, and undisplaced fractures without asso-
ciated complications such as pneumothorax or haemothorax arc of
l i ttle additional significance. Pneuinothorax and haemothorax
however, may he a significant clinical problem, an indication of
severe chest trauma, especially in multitrauma patients. They may
also he missed on initial supine radiographs. and unless normality
i s clearly defined additional erect films should he obtained once the
spine has been 'cleared'. These will prove more effective in defin-
i ng the presence or absence of a pneumothorax or haemothorax,
and will help to 'clear' the aorta if this was obscured on the supine
fil m. As in so many areas, CT. especially multislice, may assume an
even greater role in the diagnosis of chest injury.

Scapula fractures are frequently missed on initial radiograph, and
may require special oblique views. Even so, non-displaced fractures
can he difficult to see, and again. CT is the method of choice for
evaluating the scapula if there is clinical suspicion of fracture.

Fractures and dislocations at CI. TI and T2 can he very difficult
t o image with plain radiographs, especially in a multitrauma setting,
where it may be impossible to see adequate hone detail due to tech-
nical difficulties in demonstrating the cervicothoracic junction ade-
quately. In such settings, CT may be needed to fully evaluate the
region, and is mandatory in any clinical setting where injury is sus-
pected, or the patients mental status is compromised and the region
i s not seen clearly.

As a rule, CT is becoming more and more valuable, not just for
' clearing' difficult areas, hut, as the speed and capabilities increase,
as a primary diagnostic tool. Modern multislice scanners can more
reliably provide a greater detail than plain radiography, in a much
faster time, and with greater patient comfort. and it is only a matter
of time before they will become the primary method of investiga-

Fig. 44.90 Radial collateral ligament
avulsion of the thumb. Lateral radi-
ograph shows some irregularity of the
radial aspect of the base of the proxi-
mal phalanx of the thumb, missed on
i nitial interpretation, possibly being
mistaken for a sesamoid bone.

I ncluded in the first group are fractures of the ribs, scapula,
Lisfranc joint, cervicothoracic junction and posterior spinal de-
ments. All of these regions can he overlooked, particularly if the
clinical details are sketchy, or if the radiographs are suhoptimal.

This is particularly true in multitrauma patients, where optimal
i maging may he extremely difficult technically.

The thumb is also a notoriously overlooked area, and care must
be taken to identify correct alignment (Fig. 44.89) and integrity of
the hones. Avulsion injuries of the hase of the proximal phalanx, at
the attachment of collateral ligaments or tendons, are often missed.
These usually involve the ulnar aspect as in avulsions of the adduc-
tor tendon in ski pole or steering wheel injuries, but can also
i nvolve the radial aspect (Fig. 44.90). These are potentially serious
i njuries, as if left untreated, stabilisation and power of the actions of
the thumb may he lost.

Fig. 44.91 Scaphoid fracture, not seen on the initial radiographs (A). Dedicated scaphoid view (B) clearly demonstrates the fracture.

Fig. 44.92 Minor stress fracture in the ankle: T,-weighted coronal images (A/A and T2- weighted image B demonstrate areas of linear abnormal signal
within the inferior talus and superior calcaneous of this young gymnast with ankle pain. These are areas of linear decreased signal intensity on T,
sequences, with markedly increased intensity or the T 7 sequences, indicating acute focal oedma.



1416 A TEXTBOOK OF RADIOLOGY AND IMAGING

usually occult initially, and careful correlation with a good clinical

history is important. Secondary signs may be particularly useful in

occult fractures in and around a joint, such as elevated fat pads

caused by effusion in the elbow in fractures of the radial head or in

supracondylar fractures of the humerus, and the pronator fat pad

sign in injuries to the distal forearm and wrist. As mentioned in the

relevant section above, additional studies such as further views,

radionuclide bone scan, delayed radiographs (24 or 48 hours) or

MRI may be needed, and should always be suggested in the appro-

priate clinical setting.
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tion in many cases. Even today, however, in cases of skeletal

trauma, a good rule is that in the event of clinical signs of injury,

such as pain, loss of motion or neurological deficit, if the plain radi-

ographs are normal, CT scanning should he performed.

In the second group of potential missed fractures, Scaphoid,

radial head and femoral neck fractures may he difficult or even

impossible to see initially, even on adequate radiographs. Scaphoid

fractures and radial head fractures can easily be missed on conven-

tional films, and in the correct clinical setting, appropriate `special'

views should be obtained (Fig. 44.91). Stress fractures are also
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MRI is the modality of choice for the evaluation of the musculoskele-
tal system, being particularly useful in the evaluation of trauma and
infection and in the investigation of an indeterminate soft-tissue mass.
It is superior to all other imaging techniques for the detection and
characterisation of soft-tissue lesions, but should be combined with a
plain radiograph for assessment of calcification/ ossification, adjacent
cortical destruction/periosteal reaction. MRI has a multiplanar facility
with high soft-tissue contrast resolution and discrimination, being able
to differentiate muscle, tendon, cartilage, disc, menisci. synovium,
nerves, vessels, fat, fluid. cortical bone and bone marrow on signal
i ntensity appearances. The technique is painless and non-invasive,
uses non-ionising radiation, and is particularly of value in patients
with acute injury and in the assessment of children. The ability of
MRI to show normality, including normal variants (Fig. 45.1), and
exclude a soft-tissue mass with certainty is not to be underestimated.

Fig. 45.1 Accessory soleus muscle (a) on (A) sagittal T,-weighted SE and
(B) transverse intermediate-weighted SE images. This accessory muscle is
producing a soft-tissue mass anterior to the Achilles tendon (arrows) and
was referred as a potential sarcoma. Symptoms of pain on exercise were
due to claudication within the accessory muscle from poor vascular supply.

The patient can be positioned supine. decubitus or prone in the
magnet bore. The prone position can be used when pathology is
suspected in the posterior compartment of the limb or body in order
to prevent anatomical distortion. Positioning can be difficult when
imaging the upper limb as it is important to try to place the part to
he imaged as close to the centre of the field of view (magnet bore)
where the magnetic field is most uniform (homogeneous). Newer
magnet systems allow a greater off-centre field-of-view scanning
for imaging the upper limb by the side of the patient, a more
comfortable position than with the arm above the patient's head.

The image field of view is inversely proportional to spatial
resolution, and should be optimised for the area of interest. It should
be remembered, however, that a reduction in the field of view,
although improving spatial resolution, is accompanied by a reduction
i n the signal-to-noise ratio and thus a surface coil should be utilised to
offset this effect. The smallest surface coil should he used in order to
achieve maximum signal-to-noise ratio with the highest spatial resolu-
tion. One proviso is in the assessment of soft-tissue tumours where the
relationship of the mass to the adjacent joint should be ascertained.
Some tumours are multiple or form satellite nodules usually confined
to the compartment of origin. In these instances it is important that the
whole limb or compartment be screened initially with further surface
coil imaging of the presenting mass. Evaluation of lesions in the
pelvis, thigh and shoulder girdle usually requires body coil imaging
but surface coils can be utilised in addition to obtain higher spatial
resolution images. Newer coil designs with multiple coil (phased)
array allow the use of several coils simultaneously with consequent
improved signal-to-noise ratio and a greater anatomical area of cover-
age than can he achieved by a single surface coil (Fig. 45.2).

There is a wide array of pulse sequences available utilising spin-
echo (SE), inversion recovery (IR) and gradient-echo (GE) tech-
niques, with or without fat suppression/saturation. In the majority
of cases both T,- and T,-weighted images are obtained in at least
two different imaging planes.

Fat siipprc,ssion/satiarnlion techniques are advantageous in the
assessment of the musculoskeletal system. There are two different
ways in which the fat signal can be suppressed-short tau inversion
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recovery (STIR) and frequency specific (spectral) presaturation detection of pathology and useful for characterising soft-tissue
sequences. STIR is a complete sequence, and displays additive T, tumours of fatty origin (Fig. 45.3). The additive T, and T

2
contrast

and T2 contrast with fat suppression. being highly sensitive for the i s a particular advantage with long T, tissues (e.g. cerebrospinal/
joint fluid) appearing bright, which is opposite to that with con-
ventional SE and GE sequences where long T, tissues are of low-
signal intensity. A number of disadvantages, however, are apparent
when using STIR imaging. The specificity for characterisation of a
l esion is reduced when compared with T,- and T 2 - weighted images.
The fat suppression is based on relaxation time values, and lesions
with a similar relaxation time also show a suppression of signal.
This includes haemorrhage and an enhancing lesion following
gadolinium-ehelate injection. Therefore STIR imaging should not
be used following a contrast injection. Also, the fat relaxation
values do also vary in different locations within the magnetic field
and suppression of the fat may not be even throughout the area of
i nterest, although STIR is preferable compared with spectral pre-
saturation imaging if any susceptibility artefact (e.g. from post-
surgical change or a prosthetic implant) is present (Fig. 45.4).

Fig. 45.3 I nter-
and intramuscular
li poma between
biceps brachii
(superficial) and
deeper brachialis
muscles on sagittal
(A) T,-weighted SE

and (B) fat-sup-
pressed proton Fig. 45.4 Postsurgical artefacts from an ACL reconstruction on coronal
density-weighted (A) spectral fat-suppressed proton density FSE and (B) STIR images. Note
TSE i mages. the more pronounced artefacts in A compared with B.

Fig. 45.5 Soft-tissue infection with abscess formation (straight arrows) and osteomyelitis of the radius (small arrows) in a 23-year-old male on
(A) coronal-oblique T2-weighted TSE, (B) coronal oblique, and (C) transverse post gadolinium-chelate T,-weighted SE i mage with fat suppression. There is
extensive diffuse high signal throughout the flexor and extensor muscle compartments, subcutaneous tissues of the forearm and radius. Note the similar
appearance of the T 2 - and, post contrast, Ti -weighted images.



I n addition to demonstrating the hone marrow changes secondary to
bone injury (the so-called `bone-bruise') and stress fractures
(without the need to remove a POP cast if present), MRI has become
the primary method for evaluating the integrity of ligaments,
tendons and muscles, allowing early diagnosis of injury. MRI is the
first non-invasive technique for the detection and assessment of
excess muscle usage patterns. Injury to ligaments and tendons pro-
duces an increase in signal intensity (due to oedema, inflammation,
haemorrhage) within these structures on both T,- and T,-weighted
i mages. Chronic repetitive damage leads to thickened tendons and

Fig. 45.6 SLAP tear (superior labral tear from anterior to posterior; open
arrow) on contiguous coronal-oblique fat-suppressed T 2 -weighted TSE
i mages in a 40-year-old man who fell on an outstretched hand. There is
also an associated and extensive partial tear on the bursal surface of
supraspinatus tendon (small arrows) from bony impingement from a later-
ally down-sloping acromion (a). Note the excess fluid in the
subacromial/subdeltoid bursa. h = humeral head; s = supraspinatus muscle.

ligaments. Muscle contusion, hacmorrhage, haematoma, necrosis
and fatty replacement can be diagnosed and differentiated.

Ligaments are bands of paucicellular fibrous tissue that connect
two or more bones and have low-signal intensity on all pulse
sequences. The MRI criteria for a recently torn ligament include
disruption and irregular contour of the ligament associated with a
high signal within the ligament on either T,- or T~-weighted
i mages. Tears are more obvious on T 2 - weighted images due to the
higher signal intensity of fluid within the tear. In the acute stage
MRI can overdiagnosc a partial tear as complete due to intra-
substance hacmorrhage and oedema. The MRI appearance, how-
ever, does depend on the age and degree of disruption. Partial tears
can be diagnosed by attenuation of the ligament. A partial tear can
heal with fibrosis-this produces thickening of the ligament, which
appears low signal on all sequences.

Tendons Normal tendons are relatively acellular structures com-
posed of dense collagen fibres aligned within an amorphous ground
substance. A normal tendon appears as low signal on all pulse
sequences. There are exceptions with an increase in signal inten-
sity at insertion sites of certain tendons producing a multistriated
appearance (e.g. quadriceps and triceps tendon) due to several
tendons fusing together to form a conjoined tendon. In addition,
many tendons fan out at their distal insertions (Fi( , . 45.7A,B).

Another pitfall in interpretation is the so-called `magic angle'
effect, in which signal artefact is seen within tendons that are orien-
tated 55' to the main magnetic field (e.g. supraspinatus, tibialis
posterior and peroneal tendons) (Fig. 45.8). This artefact is seen on
short TE images (T,- or intermediate-weighted) images but is not
evident on T

2- weighted scans and can therefore be differentiated
from significant tendon degeneration/partial tears.

Spectral presaturation imaging is frequency specific (dependent on
the fact that fat and water protons preccss at slightly different frequen-
cies) and can he applied as a preparatory pulse to conventional T,-
and T 0 - weighted SE and GE sequences. Spectral presaturation
i maging has the advantages of STIR without the above-mentioned dis-
advantages, although problems can occur in the complete saturation of
fat over a large volume of tissue such as in the body, particularly
where physiological motion occurs, and at the edge of the field. It is
not a complete sequence and has to be added to other sequences with
a consequent time penalty, particularly when used with the T,-
weighted sequence, although with adjustment of the repetition time of
the sequence this can he minimised. It may also lead to inadvertent
suppression of water protons within the image, particularly along
curved regions that are off-centred, such as the shoulder and ankle.
This can lead to erroneous areas of high signal that can mimic patho-
l ogy. Therefore, spectral presaturation requires good water-fat separa-
tion achieved in highly homogeneous magnet systems (usually I Tesla
or greater), whereas STIR can be utilised with all magnet field
strengths across a wide range of homogencities. As the reduction in
the fat signal is based on a frequency difference and not the relaxation
ti me value, the spectral presaturation technique is more specific for
the diagnosis of haemorrhage. and can he used following gadolinium-
chclatc injection (intravenous or intra-articular). It is important that
the spectral presaturation technique is used with gadolinium-chelate
enhancement for lesions in the subcutaneous fat and hone marrow
(Fig. 45.5), as without its use an enhancing lesion is less conspicuous
and can be missed. Fat suppression techniques are particularly useful
i n the demonstration of inflammation, infection, post-traumatic
changes (including bone-bruise and muscle tear/contusion), tenosyn-
ovitis, tendinopathy and tendon tear (especially in the rotator cuff of
the shoulder) (Fig. 45.6). They also provide for improved conspicuity
of pathology compared with conventional T 1 - and T,,-weighted
sequences alone.

Dynamic scanning techniques have been used to assess lesions
before and after treatment. Rapid sequential imaging up to 3
minutes following a bolus injection of gadolinium-chelate provides
signal intensity curves, which can be helpful in distinguishing
between a malignant and a benign lesion. An early steep slope of
the signal intensity curve is indicative of a malignant tumour.
Further work is required to refine this methodology for routine use.

Further advances of MRI are to be expected with new contrast
agents, real-time scanning (MR fluoroscopy), and the development
of new generation magnet systems allowing open access for
minimal invasive biopsy and treatment (see p 1445 and Ch. 59).
MR fluoroscopy will allow for the kinematic study of joints in real
time, providing a platform for the dynamic assessment of liga-
ments, tendons and muscle with stress studies of joints.

THE SOFT TISSUES 1419



1420 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 45.9 Medially dis-
l ocated long head of
biceps tendon (arrow-
head) abutting onto the
anterior glenoid labrum
on a transverse fat-
suppressed T,-weighted
post-arthrographic SE
i mage. The intra-articular
gadolinium-chelate returns
a bright signal and
highlights the torn and
attenuated subscapularis
tendon (short arrows).
Note the empty bicipital
groove (long arrow).

Myxoid degeneration of a tendon (called 'tendinopathy' or
`tendinosis') is a chronic condition slowly worsening over years,
weakening the tendon. It leads to tendon rupture with minimal
trauma (e.g. quadriceps and Achilles tendon disruption in the
middle-aged individual). It is rarely an acute inflammatory condi-
tion, and thus it is best not to use the terns 'tendonitis'. Tendino-
pathy occurs with ageing and chronic overuse. Intermediate to
high signal within a tendon on T i - or intermediate-weighted
i mages, which remains intermediate signal on T,-weighted scans,
i s recognised as a highly sensitive predictor of early tendinopa-
thy. The tendon can he normal, thickened or attenuated in calibre
( Fig. 45. I OA).

Tendon tears Certain factors and conditions are associated with
weakening of a tendon predisposing to its rupture (Box 45.1).
I ntrinsic high signal within a tendon on T,-weighted images (partic-
ularly well seen with fat suppression) indicates a partial tear, which
tends to coexist with degeneration. Tendons can tear vertically pro-
ducing longitudinal defects-termed partial intrasubstance/cleavage
tears (Fig. 45.IOB). A high signal noted on all sequences indicates
an acute tear within a tendon, due to hacniorrhage and oedema;
chronic tears lead to fibrosis with the morphology of the tendon, or
the surrounding fluid in the tendon sheath. being the only clues as
to the ongoing pathology. A complete tear is diagnosed when there
i s separation of the tendon by intervening high signal and retraction
of the torn tendon. When a complete full thickness tear of a tendon
i s recognised, it is important to measure the gap between the tendon
ends and to describe the appearance of the retracted tendon and
muscle, as these are criteria used in the management of the patient.
The MR1 diagnosis of a full thickness tear, for example of the
rotator cuff of the shoulder, is relatively easy with a high degree of
accuracy, whereas more difficulty is noted in the diagnosis of
partial tears of the tendon. Fatty atrophy of the muscle indicates
that the changes arc longstanding and irreversible.

Fig. 45.8 Focal increased signal (arrow) within the distal tendon of supra-
spinatus due to magic angle effect on a coronal-oblique proton density-
weighted TSE image. The T2-weighted image (not shown) confirmed a
normal appearance to the tendon throughout its length.

Tendon abnormalities can be classified as tendinopathy,
tear/rupture, tcnosynovitis, subluxation/dislocation or entrapment.
A fat-suppressed sequence (STIR or preferably spectral presatura-
tion with intermediate or T fl - weighted scans) is the optimum
i maging technique for the assessment of tendon abnormalities. The
nwseulotendinous junction is the weakest part of a normal
muscle-tendon complex. A tendon can be injured due to repetitive,
blunt or penetrating trauma. A tendon is frequently already weak-
ened from prior injury or intrinsic degeneration that can lead to
partial tear or rupture when excessive force is applied. The Achilles,
quadriceps, patellar and rotator cuff tendons are frequent sites of'
intrinsic degeneration/ tendinopathy. Tendon damage can also occur
from chronic abrasion at susceptible sites, for example supraspina-
tus tendon from bony impingement (Fig. 45.6), long head of biceps
tendon in the bicipital groove (Fig. 45.9) and the tibialis posterior
and peroncal tendons around the ankle (Fig. 45.7). It requires
approximately 30 17- loss of function of a tendon for it to be clini-
cally apparent.

Fig. 45.7 Complete disruption of peroneus longus tendon (curved
arrow) as it passes underneath the cuboid on parasagittal (A) T,-weighted
SE and (B) T2 -weighted GE images. There is fluid signal from tenosynovitis
surrounding the more proximal part of this tendon (small arrows). There is
i ntermediate signal from the distal part of peroneus brevis tendon (open
straight arrow) close to its insertion onto the base of the fifth metatarsal,
which is a normal finding. Note that there is an associated osteochondral
defect of the lateral talar dome (curved open arrow).

Ageing-degeneration/tendinopathy
Trauma-acute or chronic (repetitive strain/overuse)
Medication-systemic steroids

-quinolone derivative antibiotics (e.g., ciproxin)
Disease processes-diabetes mellitus

-inflammatory arthropathies (rheumatoid arthritis, gout)
-chronic renal failure
-hyperparathyroidism
-systemic lupus erythematosis

I nfection of tendon sheath (infective tenosynovitis)

Box 45.1 Factors associated with tendon rupture



Fig. 45.10B Cleavage tear (small arrows) in supraspinatus tendon on a
coronal fat-suppressed T 2- weighted FSE image. There is fluid signal within
the tendon extending into a large impingement cyst (C) on the lateral head
of the humerus. Note the excess fluid within the glenohumeral joint
and subacromial-subdeltoid bursa. Curved arrow = degenerative acromio-
clavicular joint. paratenon). The paratenon can become inflamed which is demon-

strated as oedema signal around the tendon.
A grading system has been described for tendon tears. Three types Subluxation/dislocation of a tendon can be demonstrated when

of tear are recognised, with a type I lesion demonstrating thickening the tendon is not in its correct anatomical location, and is frequently
and associated longitudinal splitting of the tendon (Fig. 45.11). In a associated with tenosynovitis. Certain tendons (e.g. long head of
type 11 lesion the tendon is markedly attenuated (Fig. 45.12), whereas biceps, extensor carpi ulnaris, peroneal and tibialis posterior
with a type III tear it is discontinuous (Figs 45.7B, 45.8). One can also tendons) are prone to subluxation and dislocation (Fig. 45.8).
get a normal-sized tendon with longitudinal splitting of the tendon Compression and flattening of a tendon by entrapment from callus
fibres. Associated peritendinous inflammatory changes (termed formation or scar tissue following a fracture can be diagnosed.
tenosynovitis') can be seen in all three types. Teddinopathy and tenosynovitis frequently occur with entrapment.

In tenosynovitis there is fluid distension of the tendon sheath Calcific deposits can occur in and around any of the rotator cuff
with or without thickening or abnormality of the tendon tendons, or in any tendinous or ligamentous insertion. The calcifica-
(Fig. 45.10). Fluid is not demonstrated within normal tendon tion, in the form of calcium hydroxyapatite crystals, occurs most fre-
sheaths except for small amounts around the ankle and wrist quently in and around supraspinatus tendon (usually best visualised on
tendons, which is of no consequence. Certain tendon sheaths, a plain radiography with the humerus in external rotation). Unusually
however, connect with the adjacent joint (long head of biceps and for calcification it is well demonstrated on MRI as a signal void on all
flexor hallicis longus tendons), and fluid within these tendon pulse sequences (Fig. 45.13). It is usually discovered because of local
sheaths does not necessarily indicate tenosynovitis unless there is pain and periarthritis but may be in its silent phase and clinically
no associated joint effusion. Stenosis of a tendon sheath (e.g. flexor unsuspected prior to rupture into the adjacent bursa. Soft-tissue apatite
hallucis longus in the os trigonum syndrome, and the first compart- deposition may ultimately, however, prove to be a manifestation of a
ment extensor tendons in de Quervain's stenosing tenosynovitis) is wider syndrome that can declare itself in other ways, such as crystal-
recognised by loculated fluid collections separated by thin linear i nduced synovitis and destructive arthritis (e.g. Milwaukee shoulder).
septations within the fluid. It is important to note that the Achilles Pannus from rheumatoid arthritis may present in a tendon sheath
tendon (the longest and thickest in the body) does not have a tendon producing filling defects within the fluid signal mimicking infective
sheath but has a surrounding loose connective tissue (termed (TB) tenosynovitis and synovial osteochondromatosis of the tendon

Fig. 45.12 Type II
tendinopathy of peroneus
l ongus tendon (arrows)
with surrounding tenosyn-
ovitis on sagittal fat-
suppressed proton-density
TSE i mage. The peroneus
brevis tendon with sur-
rounding tenosynovitis is
noted anterior to the per-
oneus longus tendon.

Fig. 45.11 Type I tendinopathy of tibialis posterior tendon (arrows) with
i ntrasubstance cleavage tear (longitudinal splitting) and surrounding
tenosynovitis on transverse (A) T,-weighted SE and (B) fat-suppressed
proton density-weighted FSE images.

Fig. 45.10A Diagram of tendon abnormalities: (A) normal; (B) thickened
tendinopathy; (C) thinned tendinopathy; (D) intrasubstance longitudinal
splitting-cleavage tears; (E) complete full thickness tear ((B) to (D) are
partial tendon tears).
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Fig. 45.15 Pigmented villo-
nodular synovitis i nvolving
flexor hallucis longus tendon
sheath (arrowheads) with
i nvolvement of the sinus tarsi
(arrow) and subtalar joints on a
sagittal T,-weighted image.
Note the haemosiderin deposi-
tion. Similar appearance may be
seen with chronic haemarthrosis
(as in haemophilia), chronic
rheumatoid arthritis, chronic TB
arthritis, amyloidosis and gout.

system. There appears to be good correlation between the MRI
findings and the degree of muscle injury. A mild muscle strain

(clinical grade 1) represents a minor intrasubstance partial disrup-
tion (contusion) of muscle fibres. This degree of injury is com-
monly recognised on MRI by a patchy high signal within the
muscle on T 2 - weighted images. In an MR] study of athletes, a
cross-sectional area of involvement of less than 50% of a hamstring
i njury was associated with a recovery within 5 weeks. A clinical
grade 11 strain represents a more severe degree of injury with
damage to the musculotendinous region from a partial muscle or
myofascial tear. On MRI this grade II injury has a 50% or greater
cross-sectional area of involvement of the affected muscle, detected
as a diffuse high signal on T2-weighted images (Fig. 45.16). There
i s no large fluid collection to suggest complete separation of the
muscle but small areas of haemorrhage/haematoma may occasion-
ally be visible. A clinical grade III injury is associated with loss of
muscle function with or without a palpable defect. This degree of
i njury is well recognised on both T,- and T fl - weighted images as

fluid (low and high signal respectively) and haemorrhage (high
signal on both) filling the defect in the muscle. There is tendon
retraction with enlargement of the proximal part of the muscle. It is
i mportant to diagnose this severe type of muscle injury as rapid
atrophy can occur without operative repair.

It should he noted that the MRI changes remain apparent for
many weeks following even minor muscle injury, and after symp-
toms have resolved. This can lead to difficulty in the correct inter-
pretation of the MRI changes, as the patient may not remember a
previous traumatic episode. Muscle and tendon retraction, muscle
herniation through a fascial defect (Fig. 45.17), compensatory
hypertrophy of adjacent uninjured musculature (Fig. 45.18) and
accessory muscles (Fig. 45.1) can lead to the clinical suspicion of a
soft-tissue tumour.

Haematofnas can occur in subcutaneous tissues and muscle,
being well-defined collections of blood and blood products. The
MRI appearance is variable and is dependent on the age of the lesion
( Table 45.1). A haematoma follows a similar but more protracted
course compared with an intracranial bleed due to the lower oxygen
tension outside the central nervous system. A hyperacute haematoma
( within the first few hours) contains oxyhaemoglobin and serum,
returning an intermediate signal on T,-weighted images (similar to
muscle) and a high signal on Tz - weighted scans. After a few hours

and days (acute haematoma) the blood products degrade to deoxy-
haemoglobin with oedema and show an intermediate signal on both

T 1 - and T2-weighted sequences. After a week to 3 months (subacute

Fig. 45.14 Pigmented villonodular synovitis (PVNS) on a sagittal GE image.
There is a joint effusion with multiple areas of signal void from haemosiderin
deposition and thickening of the synovium and plical fold within a distended
suprapatellar bursa. Note the similar appearance as in Fig. 45.15.

sheath. Giant cell tumour of tendon sheath is the extra-articular form
of pigmented villonodular synovitis and is a common mass in the feet
and hands. It presents as a painless soft-tissue mass usually with a
characteristic focal area of signal void (best demonstrated on a

T2-weighted GE sequence) from haemosiderin deposition (Figs 45.14,

45.15) closely related to a tendon.
Muscles Normal muscle is used as the reference tissue for

assessment of signal intensity changes in the musculoskeletal



Stage Blood product T, signal intensity T2 signal intensity

High

Low

Low

High

Low (void)

I ntermediate

I ntermediate

High

High

Low (void)

Oyxhaemoglobin

Deoxyhaemoglobin

Methaemoglobin (intracellular)

Methaemoglobin (extracellular)

Haemosiderin

Hyperacute

Acute

Subacute-early

Subacute-late

Chronic-late

Fig. 45.18 Denervation atrophy of semimembranosus muscle (straight

arrow) following removal of a lipoma on a transverse fat saturation

T;-weighted spin echo (TSE 3000/100) image. The muscle is of high

signal reduced in size. There is associated hypertrophy of gracilis muscle

which accounted for the clinical referral as a possible tumor recurrence.

There is incomplete fat saturation.

Fig. 45.17 Muscle hernia of vastus lateralis (arrows) through a defect in

the deep fascia of the right thigh demarcated by cod liver oil capsules on

(A) coronal and (B) transverse T,-weighted images.

Fig. 45.16 Grade II tear of rectus femoris muscle (arrows) on transverse (A) intermediate-weighted SE, (B) T 2 -weighted SE, and (C) T 2 - weighted GRE
i mages. Note that there is a perifascial rim of high signal together with diffuse signal within the rectus femoris muscle, best shown in C.
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Fig. 45.21 Chronic haema-
toma, with heterogeneity in
signal, involving the deep
fascia of the medial calf
i ndenting the medial gastroc-
nemius muscle on a coronal
T I - weighted SE image. Note
the peripheral signal void due
to haemosiderin deposition.

Fig. 45.20 Late subacute haematoma within the thigh with a peripheral
signal appearance due to extracellular methaemoglobin (short T, and long
T 2) on transverse (A) T2- weighted TSE and (B) fat-suppressed T,-weighted
SE images.

Fig. 45.22 Subacute myositis ossificans in the antecubital fossa in a 25 year old referred with a potential diagnosis of a desmoid/sarcoma (prior trucut
biopsy was reported as being inconclusive) on (A) transverse T i - weighted SE, (B) transverse T 2 - weighted FSE, (C) sagittal postcontrast T,-weighted SE

i mages and (D) l ateral radiograph of the elbow. The plain radiograph shows the characteristic peripheral ossification and multiple high-signal fluid-fluid
l evels from haemorrhage on the MR i mages.

Fig. 45.19 Large multiloculated early subacute haematoma (h) in the
proximal thigh with high signal in (A) coronal T,-weighted SE and signal signal on all sequences similar to late subacute lesions with a rind of
void in (B) transverse T2 - weighted TSE i mages due to intracellular

signal void from haemo.siderin deposition (Fig. 45.21). Eventuallymethaemoglobin (short T, and T2).
the haematoma reduces in size with a low signal similar to surround-
ing muscle.

haematoma) methaemoglobin (short T,) is formed which produces a
Myositis ossi%icans i s heterotopic hone (sometimes cartilage)

high signal, similar to fat, on the T,-weighted images. Initially the
forming in muscles, tendons and fascia following trauma, although

methaemoglobin remains intracellular, which produces a low signal
a history of previous injury may not be forthcoming. Following

on T,-weighted scans from its short T
2

effect (Fig. 45.19), but even-
muscle damage, what initially may appear to he a haematoma can

tually it becomes extracellular where it has a lesser paramagnetic
subsequently show fine, lacy calcification. During the first 2 weeks

effect and then returns a high signal on T2 -weighted images (long
following trauma a warm and painful soft tissue mass develops.T 2 ) (Fig. 45.20). Chronic haematomas (>3 months) show a high
Fluid fluid levels can be seen as a result of the haematoma, and
there is marked enhancement with gadolinium-chelate injection as
a consequence of the marked vascularity of this condition
(Fig. 45.22). In the subsequent 2 weeks amorphous densities
develop in the mass, possibly with periosteal reaction. During this
initial 4-week period the process histologically resembles a
parosteal osteosarcoma, and the MRI features are non-specific;
however, there is usually a thin line of separation between the ossi-
fication and adjacent bone, which aids in the differentiation. One
characteristic feature of myositis ossificans in its acute and inter-
mediate stages (<8 weeks) is the marked degree of surrounding
oedema. This is an unusual appearance in the majority of primary
soft-tissue sarcomas that have not been biopsied or undergone
i nternal haemorrhage. Subsequently the post-traumatic myositis
ossificans matures (ossifies) in a peripheral to central pattern (with
fatty marrow) (Fig. 45.23) and there is a reduction in size of the
mass, factors that also help to distinguish it from a malignant



Fig. 45.25 Haemorrhagic pyomyositis
(arrows) in brachialis muscle on transverse
spin-echo (A) proton-density-weighted and
(B) T 2 - weighted SE images. Note the more
i nfiltrative pattern with little mass effect, as
compared with the soft-tissue sarcoma in
Fig. 45.32. The high signal from the lesion
on the T2 -weighted image is not as intense
as adjacent vessels, differentiating this from
a haemangioma.

Fig. 45.24 Exercise-induced compartment syndrome in the forearm
musculature (arrows) involving the flexor and extensor compartments in a
43-year-old weight-lifter on (A) pre- and (B) post-exercise proton density-
weighted spoiled GE (FLASH) images.

muscle within a confined space following injury with a fracture.
The increased pressure within the compartment leads to a reduction
i n circulation and subsequent muscle necrosis. This is a surgical
emergency and MRI generally plays no role in making the diagno-
sis. Chronic changes. with atrophy and dense fibrosis, can occur
within the affected muscles. Rarely the muscle compartment (e.g.
peroneal compartment) calcifies (termed calcific myonecrosis).
MRI is useful to show the extent of muscle damage.

Exercise-induced compartment syndrome i s more chronic in
onset and difficult to assess clinically. It should be noted that inten-
sive exercise normally leads to a transient rise in the relaxation
ti mes, due to an increase in the extracellular free water within the
muscles, producing a change in signal intensity compared with the
resting state. The signal change occurs diffusely within the muscles
and resolves within 10 minutes of the exercise. Exercise-induced
compartment syndrome is diagnosed when oedematous muscles fail
to return to a normal appearance after I5-25 minutes post-exercise
(Fig. 45.24). On MRI few other pathologies have a diffuse com-
plete, or almost complete involvement of muscles in one or more
muscle compartments. The main differential diagnosis is infection,
which should be easily excluded. Myositis ossificans has a more
focal and patchy distribution of signal change.

Inflammatory myopathies Inflammatory myopathies (pyomyo-
sitis, necrotising fasciitis, sarcoidosis and autoimmunc inflamma-
tory polymyopathies) are relatively uncommon conditions that can
affect muscle (Fig. 45.25). Necrotising fasciitis is a rare rapidly
progressive infection of the intermuscular fascia accompanied by

Fig. 45.23 Mature myositis ossificans (arrows) within gastrocnemius
muscle in a 9-year-old girl on contiguous sagittal T 2 -weighted GE images.
This mass was resected 2 years previously and referred as a possible
osteosarcoma. Note the low-signal corticated rim with the central areas
showing fatty marrow signal (same case as 45.85).

process. Surgical resection is best left until after maturation is
complete, as determined by isotope bone scanning or MRI, other-
wise a high recurrence rate is to be expected. The soft tissues
around the elbow and in the thigh are common sites for the devel-
opment of this complication. Brachialis muscle is particularly
prone to this; radiographs following elbow injury merit careful
scrutiny for this complication, which the unwary could mistake for
a malignant process. The quadriceps muscle group is another
common site.

Compartment syndrome within the forearm and call-, which in
its chronic form is often difficult to diagnose clinically, can be
delineated on MRI as a diffuse area of abnormal signal within the
musculature confined to that compartment. A compartment syn-
drome occurs when the pressure within an osteomuscular compart-
ment exceeds normal capillary pressures, producing a reduction in
tissue perfusion. There are two forms of compartment syndrome,
i nduced by trauma or exercise. The post-trcarnratic • type produces
acute symptoms related to haemorrhage and inflammation into a
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severe systemic toxicity with a high mortality rate. The early clini-
cal diagnosis is difficult and inseparable from cellulites. Cellulitis
i nvolves the subcutaneous tissues and can be treated by antibiotics,
whereas necrotising fasciitis requires early surgical debridement
and fasciotomy. MRI is very useful in differentiating the two condi-
tions. Cellulitis shows a reticular pattern of oedema signal limited
to the subcutaneous space. .n necrotising fasciitis there is increased
signal on T,-weighted images, and soft-tissue thickening in the
deep fascia between the muscles. The adjacent muscles may have
i ncreased signal secondary to hyperaemia and oedema from the
i nflammatory process. Although the appearances on MRI are non-
specific, the clinical context of the case allows the diagnosis to be
made.

Muscle denervation produces atrophy, fatty infiltration and
oedema. Cerebral palsy, amyotrophic lateral sclerosis, and heredi-
tary sensorimotor neuropathy lead to muscle atrophy with little
fatty infiltration, whereas poliomyelitis produces atrophy with
marked fatty change.

Regional pain syndrome (old terminology reflex sympathetic
dystrophy, Sudek's atrophy or algodystrophy) can involve all com-
partments, including bone marrow, muscles, synovium and subcuta-
neous tissue, in a heterogeneous pattern. .t is mediated by the

sympathetic nervous system and is characterised by an aggressive
osteopenia, soft-tissue swelling with hyperaemia and hyperaesthe-
sia leading to muscle atrophy and contracture. Trauma is implicated
i n the majority of cases.

Cystic lesions such as bursae, ganglia and parameniscal cysts are
commonly occurring masses in the musculoskcletal system. A pure
cyst demonstrates a uniform low and high signal on T 1 - and T,-
weighted images.

Bursae arc synovial-lined closed sacs usually found over bony
prominences. They contain minimal lubricating fluid to reduce fric-

tion between tendons and adjacent tissue. The subdeltoid and sub-
acromial bursae are in continuity. The ulnar bursa is associated with
the flexor tendons of the wrist and the radial bursa with the flexor
pollicis longus tendon. A distended semimembranosus/gastrocne-
mius bursa is a common finding in individuals with a joint effusion
as it connects with the knee joint. The iliopsoas bursa may com-
municate with the hip joint and, if distended, ( in cause pain on

hip movement. Fluid can accumulate with subsequent hursal
enlargement from inflammatory, infective or post-traumatic causes.
An enlarged bursa usually demonstrates homogeneous low and
high signal on T,- and T,-weighted images, but may contain
protcinaeeous tissue from inflammation or trauma mimicking a
soft-tissue tumour (Fig. 45.26). Common locations include around
the knee (prepatellar, infrapatellar and pes anserinus bursitis),
shoulder (subdeltoid/subacromial bursitis) and hip (greater
trochanter bursitis). Occasionally `melon-seed' loose bodies (syn-
ovial osteochondromatosis-Fig. 45.27) may be visible within the
bursa.

Ganglia and parameniscal cysts have a characteristic appear-
ance being usually multilocular with low signal stranding/septae
within the fluid spaces (Fig. 45.28). The thin peripheral wall and
i nternal septae do enhance following contrast administration but
with no enhancement of the fluid spaces.

Cystic hygroma i s a congenital disorder in which the lymphatic
spaces are markedly dilated. The abnormality is predominantly in
the neck but may involve the axilla, mediastinum and pleural spaces
(Fig. 45.29).

Intramuscular myxomas are well-circumscribed lesions con-
taining a thick gelatinous material which can mimic a cyst on MR. .
Following contrast administration heterogeneous enhancement may

Fig. 45.26 Large benign haemorrhagic popliteal cyst on sagittal (A) post-
contrast T,-weighted SE and (B) T2 -weighted TSE i mages demonstrating
peripheral enhancement in (A) around the multiloculated cysts superiorly.

Fig. 45.27 Synovial osteochondromatosis within the flexor tendon
sheaths of the wrist on contiguous coronal T 2 -weighted GRE i mages. Note
the multiple loose bodies of similar size within the fluid of the distended
tendon sheaths.
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Indeterminate lesions will require biopsy and/or careful follow-up.

Once histology has confirmed that a lesion is malignant then CT

scanning of the thorax is required to determine the presence or

absence of intrapulmonary metastases. There are three basic com-

ponents for the staging of musculoskeletal tumours-(i) histologi-

cal grade of the tumour which dictates potential for the lesion to

metastasise (a low-grade tumour is less biologically active

compared with a high-grade lesion); (ii) local extent of the tumour,

(iii) presence or absence of metastases.

Prior to imaging it is essential to have a comprehensive and accu-

rate clinical history available as this can have a significant hearing

on the radiological interpretation and may provide a specific diag-

nosis when the imaging is indeterminate (Box 45.2). A slow-

growing tumour does not necessarily indicate a benign process and

can occur with certain malignant tumours (e.g. synovial sarcomas).

Purpose of imaging
The objectives of imaging arc to confirm the presence, precise site

(including compartmental spread) and extent of soft-tissue tumour;

to detect neurovascular invasion, cortical infiltration and regional

nodal metastases (Box 45.3); and to aid biopsy. Following treat-

ment it is useful to obtain a baseline MRI examination (usually at

6 months) with contrast enhancement, and further follow-up scans

depending on the grade of the initial tumour, to identify any tumour

recurrence. If recurrent tumour is demonstrated then repeat staging

is required including a CT thorax.

Box 45.2 Clinical information required in the assessment of

a soft-tissue tumour

• Is the lesion painful? (suspect on inflammatory lesion)

• I s there a history of trauma?
• Has the lesion remained stable over a long period, or i s it growing?
• Has the lesion varied in size over time or activity? (suspect ganglion or

haemangioma)

• Is there a history of a previous lesion or malignancy?
• Has there been previous surgery or radiotherapy?
• Is the lesion solitary or multiple?

MRI is the method of choice in the assessment and staging of

tumours of the musculoskeletal system but does not provide histo-

logical diagnosis. Soft-tissue involvement is often underestimated

by CT. Recent surgery or biopsy gives rise to haemorrhage and

oedema, which can produce misleading appearances on MRI.

Fig. 45.29 Extrathoracic cystic hygroma wrapping around the right
humerus (h) and involving the chest wall axilla in a 3-day-old neonate
showing a multiloculated cystic lesion with fluid-fluid levels (arrows) due to
haemorrhage on (A) transverse T,-weighted SE and (B) coronal T2 -weighted
TSE images. This tumour was subsequently successfully removed.

be seen either within the lesion or limited to the periphery and

scptae. They are usually solitary (if multiple are associated with

fibrous dysplasia in Mazabraud's syndrome) most commonly

occurring in the thigh. Solid tumours that contain myxoid elements

(c.g. myxoid liposarcoma, myxoid malignant fibrous histiocytoma,

myxoid chondrosarcoma) may appear cystic on unenhanced MRI

(Fi`g. 45.30) but will demonstrate diffuse enhancement. If a cyst-

like structure does not have the typical appearances of a ganglion,

or is in an atypical location, then contrast enhancement should be

performed to exclude a myxoid tumour.

Fig. 45.30 Benign myxoma (m) within deltoid muscle mimicking a cyst (uniform low signal) on (A) coronal pre-contrast T,-weighted SE image but
demonstrating in (B) heterogenous soft-tissue enhancement on postcontrast injection. Small myxoid liposarcoma within lateral abdominal wall musculature
on (C) T,-weighted SE and (D) T 2 - weighted FSE images. The myxoid lesion is mimicking a cyst. Note it is not possible to differentiate between a benign or
malignant tumour on MR characteristics, and although it was histologically a liposarcoma no fatty elements are demonstrated on MRI.



A compartment is an anatomical structure or space bounded by
natural barriers to tumour extension. An example of a compartment

is the anterior compartment of the thigh, containing the quadriceps
group of muscles, bounded by fascia including the medial and
lateral intermuscular septa and proximally by the femoral triangle
and distally the knee joint. The interfascial planes containing the
major neurovascular bundles are not compartments as they have no
proximal or distal barriers. Extracompartmental spread implies Fig. 45.31 Haemorrhagic malignant fibrous histiocytoma (MFH) on

aggressive behaviour of the tumour and is associated with a poorer corona) (A) pre-contrast and (B) postcontrast T,-weighted SE images. Note
a soft tissue tumour nodule (arrows) enhancing in (B) proximal to the

prognosis. It should he noted that some benign tumours (e.g. inter- major haemorrhagic component.
muscular lipoma, cavernous hacmangioma) can extend across more
than one compartment. i mages respectively) on unenhanced images but shows soft-tissue

enhancement. A cyst does not enhance except for its wall.
Technique
The imaging technique is outlined in the Royal College of Soft-tissue sarcomas
Radiologists' booklet `A guide to the practical use of MRI in oncol- Soft-tissue sarcomas are uncommon lesions, representing approxi-
ogy'. I prefer to use coronal or sagittal T,-weighted SE and fat- mately 1% of all malignant tumours. They are, however, twice as
suppressed intermediate (proton density)-weighted TSE with a common as primary malignant bone tumours. The annual incidence
relative large field of view to include the lesion, adjacent joint and of soft-tissue sarcomas is approximately 1-2/100 000 population,
regional lymphatic site. Higher resolution smaller field of view trans- increasing with age up to 8/100 000 in individuals over 80 years of
verse T,-weighted TSE and fat suppressed T,-weighted SE, the latter age. It has been estimated that there are around 800 new cases per
being repeated following gadolinium-chelate injection. A STIR year in the UK. It should be noted that benign soft-tissue tumours
sequence can be used if susceptibility artefact (e.g. from postsurgical far outnumber malignant tumours, the incidence of the former
change or a prosthetic implant) is present. Cod liver oil capsules taped being estimated to be 300/100 000 population.
to the skin to the side of a suspected soft-tissue lesion is a useful tech- Soft-tissue tumours arise from mesenchymal tissue and are clas-
nique to confirm that the correct area has been imaged, particularly if sified according to which adult tissue they resemble on histology.
no lesion is subsequently identified. If an indeterminate soft-tissue Many soft-tissue sarcomas are poorly differentiated but can be
mass is confirmed on MR1 then a plain radiograph of the affected area further differentiated using immunohistochemical stains. Despite
should be obtained if not already performed. A radiograph is fre- this approximately 5-15% remain unclassified. The commonest
quently unrewarding but maybe diagnostic by showing calcification, soft-tissue sarcomas in middle aged and elderly individuals, in
callus, exostosis, hone involvement. Remember that calcification is order of frequency, are malignant fibrous histiocytoma (MFH),
usually poorly visualized on MRI - its identification and appearance liposarcoma, leiomyosarcoma and malignant peripheral nerve
can be diagnostic (Fig. 45.22). sheath tumour (MPNST-this term is used rather than the previous

nomenclature of malignant schwannoma or neurofibrosarcoma.). In
Contrast enhancement younger individuals (first to the third decade of life) fibrosareoma,
Intravenous gadolinium-chelate is helpful if a mass lesion is not pure rhabdomyosarcoma, synovial sarcoma and MPNST are the com-
blood, water or fat. As noted above fat-suppressed T,-weighted moner sarcomas found. The common benign soft-tissue tumours
images are used for optimum enhancement. Soft-tissue tumours include lipoma, and its variants, haemangioma. fibromatosis, neu-
(benign and malignant) show nodular enhancement, and biopsy can rofibroma, schwannoma, giant cell tumour of tendon sheath,
be targeted to this area of the lesion for histological grading of viable glomus tumour and pigmented villonodular synovitis (PVNS).
tumour. Haematomas do not usually enhance, except very occasion- A large (>5 cm) heterogeneous painless mass within a deep com-
ally when organising fibrovascular tissue is formed. Gadolinium- partment should be regarded with a high suspicion of malignancy.
chelate enhancement is useful in distinguishing between a simple The majority (95%) of benign soft-tissue tumours have a size
hacmatoma from a haemorrhagic sarcoma (Fig. 45.31). In myositis <5 cm. It should be emphasised, however, that size on its own is not
ossificans enhancement is diffuse and different to that of a soft-tissue a good discriminator (Fig. 45.30). In addition, some benign lesions
sarcoma. A myxoma and myxoid sarcoma can mimic a cyst (being (e.g. haematomas) show heterogeneity in structure (Figs 45.21,
l ow and high signal in relation to muscle on T i - and T,-weighted 45.26). When sarcomas arise in the superficial tissues they tend to

Box 45.3 Imaging criteria in the assessment of a soft-tissue
mass

Size (growth rate)
Location (include measurement to nearest joint)
Compartment spread
Tumour margin
Signal intensity (SI)
Enhancement characteristics
Neurovascular invasion
Bone infiltration/destruction
Adjacent soft-tissue SI
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he less aggressive compared with the deep-seated tumours.
Sarcomas tend to he painless without limb dysfunction, unless adja-
cent to neurovascular structures. A previously painless mass that
becomes painful should, however, arouse suspicion of malignancy
(a useful criterion when assessing patients with ncurofibromatosis
and multiple nerve sheath tumours).

It is useful to assess the MRI findings in terms of the various crite-
ria given in Box 45.3. It is important that the location and full
extent of any soft-tissue mass, together with its relationship to the
adjacent joint and surrounding anatomical structures, be clearly
demonstrated. This requires the use of multiple imaging planes
using a variety of pulse sequences as described above. It was origi-
nally hoped that MRI would correctly characterise different tissues
on the basis of signal intensity appearances on T,- and T,-weighted
images. Subsequent work has shown that signal intensity patterns
are not a good discriminator between benign and malignant
tumours, but some soft-tissue tumours can be diagnosed with cer-
tainty. A well-defined soft-tissue mass with homogeneous signal
intensity cannot he assumed to be benign, neither is a mass with a
heterogeneous signal intensity necessarily malignant. The variable
specificity of MRI is also compounded by the relative inexperience
of the general radiologist in reviewing such cases. One aspect of
this technique not to be underestimated, however, is that it is highly
accurate as a negative predictor of a clinically suspected soft-tissue
mass, defining normality with certainty.

The majority of malignant soft-tissue tumours have well-defined
margins with a so-called `pseudocapsule'. It should be noted that
the pseudocapsule does contain tumour cells and these extend
outside this structure on histological review. Soft-tissue lesions that
have ill-defined margins with infiltration of surrounding structures
arc usually inflammatory (c.g. acute myositis ossificans or soft-
tissue infection). The majority of malignant soft-tissue tumours
have a non-specific low and high signal on T,- and T,-weighted
i mages respectively (Fig. 45.32).

There are some soft-tissue tumours that have characteristic signal
i ntensities on T,- and T,_-weighted images (Boxes 45.4, 45.5). The
differential diagnosis of lesions containing high signal on
T,-weighted images is limited to either fatty tissue or blood products
(Figs 45.3, 45.20, 45.31). Lipomas have well-defined margins with a

uniform signal intensity of fat on all sequences (best confirmed
using fat-suppressed sequences) (Fig. 45.3). Even when soft-tissue
masses have characteristic appearances, such as lipomas, problems
can still occur. Most lipomas tend to interpose themselves between
tissues but some, for example intramuscular lipomas, may involve
both muscular and intramuscular tissue. Some lipomas may also
have internal septa, an appearance mimicking a well-differentiated
liposarcoma (termed atypical lpoma) (Fig. 45.33). The use of con-
trast-enhanced fat-suppressed T i -weighted images can be helpful in
separating between enhancing nodular turnout - and non-enhancing
linear septae. Other lesions return a characteristic low signal or
signal void on T,-weighted images (Box 45.5) (Figs 45.14, 45.15,
45.34, 45.35). Haematoma and malignant melanoma can demon-
strate variable signal due to their paramagnetic contents.

Certain tumours have a characteristic morphology in addition to

Fig. 45.32 Undifferentiated sarcoma in their signal intensity appearance. Soft-tissue (subcutaneous and
brachioradialis muscle in the proximal i ntramuscular) cavernous haemangiomas have a typical appearance
forearm on fat-suppressed transverse with serpentine (not `serpiginous' as this is an incorrect term) vas-
T 1 -weighted SE (A) pre and (B) post
contrast, and (C) T 2 - weighted TSE images cular channels surrounded by excess fatty tissue (Fig. 45.36). The

showing a non-specific but malignant- vessels can demonstrate high-signal intensity on T 2 - weighted
looking appearance. i mages, but may also return a signal void depending on the flow

Fibrous lesions-plantar fibroma
-Morton's neuroma

aggressive fibromatosis (desmoid)
Some malignant fibrous histiocystoma (MFH)
Some malignant peripheral nerve sheath tumour (MPNST)
Pigmented villonodular synovitis (PVNS)
Giant cell tumour of tendon sheath
Aneurysms/vascular malformation
Chronic haematoma
Amyloid
Gouty tophus

Homogeneous low SI

Cyst
Ganglion
Lymphocoele
Cystic hygroma
Myxoma
Myxoid sarcoma

Moderate to high SI

Lipoma
Subacute haematoma
Haemangioma
Well-differentiated liposarcoma
Intralesional haemorrhage
Lipoma arborescens
Elastofibroma
Fibrolipohamartoma
Melanoma

Slight increased St

Neurofibroma/schwannoma
Haemangioma
Abscess
Solid malignancies



Fig. 45.34 Morton's neuroma (arrows) in the web space between the Fig. 45.35 Aggressive fibromatosis (desmoid) (t) in a 26-year-old male
third and fourth metatarsal heads on coronal (short-axis) (A) intermediate- on (A) sagittal intermediate-weighted and (B) transverse T2 -weighted TSE
and (B) T 2 - weighted dual echo images. This interdigital tumour is not a i mages. Note the characteristic multiplicity and mixed composition of this
true neoplasm but a post-traumatic, degenerative fibrosing process around tumour with an area of signal void from fibrosis together with more cellular
the plantar digital nerves. It is the most common entrapment syndrome in soft-tissue components. There is a cod liver oil capsule (c) in place as a
the foot and is frequently bilateral. The dense fibrous tissue making up this marker.
lesion is reflected in its low signal in (B).

rate within the vessels. Cavernous haemangiomas are usually well signal surrounded by slightly higher signal intensity on the peri-

defined with lobular contours, but may also appear infiltrative phery (Fig. 45.38). This has been termed the 'fascicular sign' and is

crossing fascial boundaries and involve adjacent hone. Neurogenic thought to reflect the fascicular bundles of tissue seen within neuro-

tumours usually show a characteristic morphological appearance genie tumours and normal nerves. This fascicular sign is usually

being often related to a neurovascular bundle particularly in the seen in benign lesions although occasionally can he seen in

extremities. These tumours usually have a fusiform shape with the MPNST. The enhancement patterns following gadolinium-chelate

nerve often seen entering and exiting the mass (Fig. 45.37). The injection are non-specific. Many neurogenic tumours also have a

presence of this sign is pathognomonic but it is not always seen peripheral rim of fat. The distinction between neurofibromas (being

with neurogenic tumours of small nerves or those in the subcuta- central within the nerve) and schwannomas (eccentric to the nerve

neous ti ssues/retroperitoneum. A target sign can be present with a but within its sheath capsule) can be difficult but may be made if

central hypointensity surrounded by high signal on T,-weighted the lesion involves a large nerve.
images this sign, however, can also be found in an acute haema- There arc a few specific soft-tissue tumours that have a propen-

toma (Fig. 45.38). Intermediate (proton density) and T,-weighted sity to be multiple (Box 45.6). Careful follow-up and/or biopsy arc

scans often reveal small ring-like areas of intermediate to low required for indeterminate lesions.

Fig. 45.33 Well-differentiated liposarcoma (atypical lipoma) in the
medial thigh compartment on (A) coronal T,-weighted SE and (B) trans-
verse T2 -weighted TSE images.
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Lipomas (5-15% of patients presenting with a soft-tissue mass)
Nerve sheath tumours (neurofibromatosis)
Aggressive fibromatosis (desmoids)
Angiomatous lesions
Myxomas (association with polyostotic fibrous dysplasia-Mazabraud's

syndrome)
Secondaries (multiple myeloma, melanoma)

Tumour recurrence
MR1 plays a major role in the detection of tumour recurrence. In the

postoperative patient, most metallic surgical clips or prosthetic

i mplants produce only minimal localised image artefact, and diagnos-

tic scans can often he obtained. Some metallic implants such as bone

screws are ferromagnetic. however, and produce significant image

artefact. Problems can arise in separating high-signal tumour from

radiation change or early postoperative appearances due to inflamma-

tion, haemorrhage or infection, although some discrimination can

be made with careful review of signal intensity appearances on

T,-weighted images, and fat-suppressed T,-weighted post enhance-

ment (Fig. 45.39). A low-signal lesion on T-weighted images follow-

i ng radiation therapy or surgery for a malignant soi -t-tissue sarcoma

most likely indicates that the patient does not have active tumour. A

possible tumour recurrence is shown as a high-signal-intensity mass

on T-weighted images. However, there can he difficulty in separating

the changes related to recent treatment, particularly radiotherapy, from

tumour. Nodular enhancement following contrast injection should be

Fig. 45.36 Soft-tissue cavernous haemangioma in an 11-year-old girl
with 18-month history of a soft-tissue swelling exacerbated by exercise on
transverse (A) T 1 -weighted SE and (B) fat-suppressed proton density-
weighted FSE images. Note the serpentine appearance of the vascular
spaces infiltrating the muscles of the posterior and lateral compartments
and subcutaneous tissues, together with some fat content typical of this
l esion.

Fig. 45.37 Malignant peripheral
nerve sheath tumour (MPNST) in
the posterior compartment of the
thigh on a sagittal fat-suppressed
T 2 - weighted TSE image showing the
sciatic nerve (arrow) entering and
exiting the heterogeneous mass.

Fig. 45.39 Two separate recurrent sarcoma masses (arrows) and a
benign seroma (arrowhead) in the posterior compartment of the thigh on
coronal (A) fat-suppressed T 2 -weighted TSE and (B) postcontrast
T,-weighted SE. The patient had undergone prior surgery and post-
radiation treatment for a malignant fibrous histiocytoma. The post-
treatment change is producing the diffuse infiltrative abnormal signal with
the tumour recurrences showing cystic nodular enhancing masses.

Fig. 45.38 Ulnar nerve neuroma (arrows) within the medial triceps
muscle on (A) coronal fat-suppressed proton density-weighted FSE and
(B) transverse fat-suppressed T,-weighted SE postcontrast image. In A the
neuroma demonstrates a thickened exiting ulnar nerve together with small
ring-like areas with a higher periphery signal reflecting the fascicular
bundles (termed the fascicular sign). The fascicular sign, optimally appreci-
ated on proton density images, is usually seen in benign tumours, but if
present in MPNST is only focal. In B the target sign is shown.



Fig. 45.40 Soft-tissue abscess (arrow) with surrounding oedema and
radiating linear strands (due to dilated lymphatics) on coronal spin-echo
(A) proton density-weighted and (B) T 2 - weighted SE images. The absence
of bone marrow involvement excludes osteomyelitis.

Fig. 45.41 Soft-tissue infection within the posterior and adductor
compartments of the left thigh in 37-year-old woman with no associated
symptoms on a transverse postcontrast T 1 - weighted SE image. There
i s replacement of musculature with abscess formation and infiltrative
oedematous signal, appearances different to that of a soft-tissue sarcoma.

Janet Murfitt and Fritz Starer

The soft tissues can always be visualised on a plain film. The
majority of films are taken to visualise bony structures and bright
lighting is needed to see the soft tissues satisfactorily. Soft-tissue-
specific films require a low kV and low filtration. Fat has a suffi-
ciently different coefficient of absorption to muscle to allow the
normal fat planes to be seen. In particular the subcutaneous fat out-
lines the skin and fat pads are present around joints. Fat within a
muscle can give a faint herringbone pattern.

It is well recognised that the soft tissues can cause artefacts, par-
ticularly the pinna on the lateral skull film and skin folds in the
neonate overlying the chest. Superficial cutaneous nodules, for
example the nipple shadow on the chest film, are surrounded by air
and are sharply demarcated. When two soft-tissue shadows overlap
the mach effect results in a thin dark line which may suggest a
fracture if overlying a bone.

Foreign bodies
Both metallic (Fig. 45.42) and glass foreign bodies are usually

visible on a plain film whereas wood and plastic (Fig. 45.43) are
rarely identifiable but may be demonstrated by ultrasound and CT.
The site of entry of the suspected foreign body should be indicated
on the plain films without the marker overlying the soft tissues.
Views in two planes are necessary to confirm a density is lying

ated surrounding soft-tissue mass (Fig. 45.5). The infiltrative homo-
geneous morphological pattern of soft-tissue infection can be differ-

entiated from the well-delineated heterogeneous appearance found
with the majority of soft-tissue tumours (Fig. 45.41). MRI is of
value in the evaluation of the growth plate in the growing skeleton
where isotope scanning shows a normal high uptake, obscuring
abnormality. MRI may also have a useful role in the detection of

i nfection in the diabetic foot, although difficulties arise in the dif-
ferentiation from neuropathic changes. The presence of secondary
signs of cortical interruption, skin ulceration and a sinus tract can
increase specificity for infection. Soft-tissue infection cannot be
differentiated from non-infective inflammation, soft-tissue trauma
or postoperative changes on MRI, alone.

I nflammation
Inflammatory arthropathies can be demonstrated early during the
course of the disease and, although not used in routine evaluation,
MRI can be of value in making the diagnosis in a clinically un-
suspected case and in monitoring treatment. A finding of wide-
spread tenosynovitis around the ankle or wrist points to a diagnosis
of seronegative arthropathy. MRI can demonstrate joint effusions,
tenosynovitis, hyaline and fibrocartilage destruction, and pannus
formation. It is of particular value in the assessment of involvement
of the cervical spine, clearly depicting erosions, synovial over-
growth and pannus formation, atlanto-axial subluxation and cord
compression.

In the evaluation of patients with recurrence of symptoms fol-
l owing previous lumbar disc surgery, MRI is considered to be the
most accurate technique in differentiating between a recurrent/
residual disc and postoperative granulation/scar tissue. The use of
contrast enhancement allows enhancing granulation tissue to be

differentiated from non-enhancing disc.

regarded as tumour recurrence. Dynamic gadolinium-chelate enhance-
ment (obtaining images within 6 seconds of the injection) has been
found to be helpful in distinguishing recurrent tumour (early enhance-

ment from neoangiogcnesis) from radiation-induced inflammation
and necrosis (later enhancement via the normal vascular supply).

MRI is more sensitive than radionuclide scanning in the demonstra-
tion of soft-tissue infection without bone involvement. Soft-tissue
cellulitis, abscess formation, sinus tracts, septic arthritis and
osteomyelitis can be differentiated using contrast enhancement
(Figs 45.5, 45.40, 45.41). Cellulitis shows an ill-defined area,
whereas an abscess is a well-defined mass, of low and high signal
on T 1 - and T,-weighted images respectively, in the presence of
normal bone marrow. A joint effusion is the first sign of septic
arthritis progressing to chondrolysis and bone erosion. Distinction
between infected and non-infected joint fluid cannot he made on
MRI even with contrast enhancement. MRI is, however, useful in a
patient with signs of infection, allowing a number of sites of infec-
tion to be imaged simultaneously, to demonstrate any coincidental
osteomyelitis and for guidance for percutaneous aspiration.
Osteomyelitis demonstrates abnormal bone marrow with an associ-
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within the tissues and is not an artcfact or on the skin surface. Over
a period of years foreign bodies often migrate, sometimes over
significant distances.

Tattoos (Fig. 45.44) may show as superficial densities. Injection
sites arc frequently seen particularly in the buttocks. Bismuth
(Fig. 45.45) and other heavy metal injections may result in opaque
needle tracks or rounded sterile abscesses. Quinine causes soft-
tissue necrosis which shows as calcified ring shadows. has been a penetrating injury, any increase in the amount of gas

present on serial films is indicative of gas gangrene. Diabetics are
Gas particularly prone to such infections.
Air in the soft tissues appears as bubbles or linear streaks of traps- Following penetrating trauma or open wounds, gas may be intro-
radiancy less dense than fat. Gas may be seen in bowel lying within duced into the soft tissues, both subcutaneously and in the fascial
a hernia most commonly in the groins or periumbilical region. planes, or into a joint (Fig. 45.47). Surgical emphysema may follow
Occasionally gas can be identified within a sinus track. thoracic surgery or occur as a result of trauma with rib fractures,

Gas-forming organisms, particularly Closiridium perfringens, l ung parenchymal injury or rupture of the airways or oesophagus.
cause gas gangrene with superficial bubbles and/or linear streaks of Air will track up from the mediastinum to the neck. Following rib
gas lying subcutaneously or along the muscle fibres (Fig. 45.46). A fractures, surgical emphysema may occur in the absence of a
focal collection of gas may be seen within an abscess. When there pneumothorax. The emphysema usually resolves within a few days.
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Fat
The lipoma is one of the commonest of the soft-tissue benign
tumours. Its high fat content contrasts with the surrounding soft
tissues and it appears as a well-defined lucency (Fig. 45.48).
Sometimes a lipoma has a high fibrous content and is less trans-
lucent. Calcification is rare and forms centrally within an area of

ischaemic necrosis.
With muscular dystrophy (Fig. 45.49) there is loss of normal

muscle bulk. Initially there is infiltration of the muscle with fat
accentuating the normal herringbone pattern to give a striated
appearance with translucent streaks. Ultimately the muscle is totally
replaced by fat so that the muscle sheath is clearly outlined as a

linear density. In the Duchenne type muscular dystrophy, the

muscles appear bulky although replaced by fat. Arthrogryposis

multiplex congenita is a hereditary disorder with poor muscle devel-
opment replaced by a relative excess of fat. The bones are
osteopenic and slender. There are multiple associated abnormalities
including contractures, fractures, congenital amputations and hip

dislocation.
Following a fracture of the hone involving a joint, blood and fat

is released from the bone marrow into the joint creating a lipo-

1: marthrosis. With a horizontal beam film a fat-fluid level may be
seen with the fat floating on the blood. The shoulder (Fig. 45.50)
and the knee are the most common sites. Displacement of the fat
planes around a joint, especially the elbow, is another sign suggest-

i ng bleeding into a joint due to a fracture.

If it persists or increases in volume this implies a persistent leak, for
example a bronchopleural fistula. Surgical emphysema in the lower
abdominal wall and thigh may follow rupture of a diverticular
pelvic abscess.

Fig. 45.48 Large well-
defined lipoma of the
thigh.

Fig. 45.49 Peroneal mus-
cular dystrophy. Atrophied
muscle replaced by fat.



Calcification in the soft tissues may be classified as metastatic as a

result of abnormal calcium metabolism, calcinosis with a normal

calcium metabolism or dystrophic related to tissue damage.
Ossification can be recognised by the presence of trabeculae within
the calcified area.

Arteries Calcification of the aorta, iliac and femoral arteries is a
common finding due to irregularly calcified atheromatous plaques.
The extent of the calcification does not correlate with the severity
of the disease. Curvilinear calcification in a soft-tissue mass adja-
cent to a vessel is a typical finding of an aneurysm (Fig. 45.52).

With Monckeberg's medial atherosclerosis there is calcification

Oedema of the media without narrowing of the lumen giving a pipestem

Oedema of the soft tissues causes increased thickness with promi- ring-like pattern. Calcification in the small vessels of the feet is

nence of the fibrous septac giving a coarse reticular pattern, and characteristic of diabetes mellitus and hyperparathyroidism.

obliteration of the tissue planes (Fig. 45.51). Calcification of the vessels is not a feature of Buerger's disease.

Thickening of the soft tissues occurs in acromegaly and is most Veins A phlebolith is calcified thrombus in a vein and is typi-

obvious in the hands and the heel pad. The heel pad thickness is cally 3-5 mm in length with a central lucency. They are a normal

measured from the tip of the os calcis to the plantar skin surface of finding in the uterine and prostatic veins in the pelvis but when a

the heel. The upper limit of normal is 23 mm. focal collection of phleboliths is seen elsewhere it is characteristic

Fig. 45.50 Lipohaemarthrosis of the shoulder. Fracture-dislocation of the
humeral head. (Courtesy of Dr F. Starer.)

Fig. 45.51 Cellulitis of the lower leg. Oedema and loss of tissue planes.

Fig. 45.52 Calcified popliteal aneurysm..
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Fig. 45.53 Cavernous haeman-
gioma of forearm with multiple
phleboliths.

Fig. 45.54 Chronic venous stasis
with calcification.

Fig. 45.55 Neural calcification
i n leprosy.



of a cavernous haemangioma (Fig. 45.53). Chronic venous stasis
of the legs may cause subcutaneous calcification in a linear,
branching or plaque-like pattern (Fig. 45.54). Ulceration, phle-
boliths and well-organised periosteal reactions may also be
present. Occasionally a thrombus in a vein may calcify along its
l ength.

Nerves Neural calcification is very rare but has been reported in
leprosy and neurofibromatosis (Fig. 45.55).

Lymph nodes
Calcified mediastinal and hilar nodes are a frequent finding, in the
majority of cases following tuberculosis. Nodes in the cervical
chain may also be involved. The calcification is typically coarse and
mottled.

Tendons
The tendons, particularly the patella and Achilles tendons, are often
outlined by fat. Calcific tendonitis develops following chronic
trauma and inflammation. The supraspinatus tendon is most com-
monly responsible for a frozen shoulder, although other tendons of

the rotator cuff may be affected. Calcification lies directly over the
humeral head in a crescentic distribution (Fig. 45.56) and may be
present in asymptomatic patients. Other common sites are the

flexor carpi radialis in violinists and the medial collateral ligament
of the knee, known as the Pellegrini-Stieda lesion (Fig. 45.57).
Ossification may also occur particularly in the Achilles tendon

(Fig. 45.58). This is probably related to previous trauma and is four
times more common in males than females. Ossification of tendons
and ligaments is also more frequent in diffuse skeletal hyperostosis
( DISH) mainly involving the axial skeleton and foot. Prominent
muscle attachments in the pelvis are a feature of fluorosis with
sclerosis, a coarse bony trabecular pattern and calcification of the

pelvic sacrotuberous and sacrospinous ligaments. Bursae appear as
soft-tissue swellings related to the joints but calcification is
uncommon.

Parasites
The ova of the pork tapeworm, Taenia solium, are ingested by
eating undercooked infected meat with the pig being the intermedi-

ate host. The embryo enters the bloodstream and the parasite,
Cysticercosis cellulosa, becomes encysted within the soft tissues,
brain and meninges. In muscle the parasite calcifies forming ellip-
soid masses 10-I5 mm long often with a translucent centre and
which lie in the direction of the muscle fibres (Fig. 45.59). This
infection is most frequent in Mediterranean countries, and the
Middle and Far East.

The guinea worm, Dranunculus rnedinensis, dies in the muscles
forming a spherical calcified mass (Fig. 45.60) or a long string-like
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calcified worm 10-12 cm in length (Fig. 45.61). This infestation
occurs in India, Africa and the Middle East. Loa loa, or micro-
filiariasis, is a small parasite which is common in West Africa. It
dies and calcifies appearing as coiled threads in the hands and feet
(Fig. 45.62). Armillifer arrnillatus i s a parasite which infests snakes
and infects humans who eat them. It appears as C-shaped calcifica-
tions less than 1 cm in length in the serosa of the chest and
abdomen (Fig. 45.63).

Hydatid cysts in the soft tissues are rare and the calcification is
usually atypical and non-specific.

Metabolic
Metabolic or metastatic calcification is the result of abnormal
calcium or phosphate metabolism, in particular any cause of hyper-
calcaemia. This occurs more commonly with secondary hyper-
parathyroidism rather than the primary form with calcification of
the menisci and arteries. Periarticular calcinosis develops as well
as metastatic calcification in the soft tissues (Fig. 45.64). This may

be so extensive that layering of the calcium is seen. Following treat-
ment of the hypercalcaemia the soft-tissue calcification may
resolve.

Periarticular and interstitial calcinosis may be seen with
hypoparathyroidism. In pseudohypoparathyroidism there may he
punctate or nodular areas of soft-tissue calcification (Fig. 45.65).
In pseudopseudohypoparathyroidism calcification of the skin, sub-
cutaneous tissues, fascia) planes and tendons is present in 30-50%
of cases. Other associations are calcification of the dentate nuclei
and basal ganglia and cataracts. Calcification of the pinna is a

feature of alkaptonuria, Addison's disease (Fig. 45.66) and frost-
bite. With gout, deposits of calcium urate in the soft tissues form
calcified ,juxta-articular masses, or tophi, with associated para-
articular erosions.



Haematomas
I nitially there is an increase in soft-tissue density at the site of
injury. Calcification is rare but may appear within a few days in
children. It usually forms in the periphery of the haematoma At this
stage an isotope hone scan will show increased uptake. If the

trauma has caused an associated periosteal reaction, the resulting
appearance can be difficult to differentiate from a parosteal sarcoma
on the plain film (Fig. 45.67).

In neonates a subperiosteal bleed in the parietal hone results in a
cephalhaematoma which may calcify. This slowly absorbs and
disappears with time although an irregular bone density may persist
for years (Fig. 45.68).

Soft-tissue necrosis
Necrosis of the soft tissues may follow injections (as previously
described) and other forms of trauma, frostbite and burns. Post-
traumatic fat necrosis results in coarse spheroid calcified masses.
Frostbite typically affects the pinna. Burns occasionally calcify,
particularly in children.

Calcinosis circumscripta
This is associated with scleroderma (Fig. 45.69) and Raynaud's
disease. Dense areas of calcification develop in the hands and occa-

sionally affect the large joints over the pressure areas. There is loss
of the soft tissues of the tips of the fingers and associated bone
changes including acro-osteolysis.

Calcinosis interstitialis universalis or dermatomyositis
This is a condition where there is degeneration of collagen tissue
resulting in diffuse subcutaneous plaques or nodules of calcium or
reticular calcification often with overlying ulceration. In addition
with progression, calcified masses or sheets of calcium form in the
deeper tissues and lie in the direction of the limbs (Fig. 45.70).
There is normal calcium and phosphate metabolism. Those affected
have pain and muscle weakness. If progressive the disease may be
fatal. In adults there is an association between dermatomyositis and
an increased incidence of malignancy.

Ehlers-Danlos syndrome is a hereditary disorder with findings
i ncluding lax joints, fragile and elastic skin and blood vessels, acro-
osteolysis and subcutaneous nodules which calcify. The nodules
occur predominantly over the bony prominences and are oval or
round, often ring-like and 2-10 mm in length. They need to be dis-
tinguished from phleboliths and parasites. Thickening of the skin of
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Fig. 45.66 Calcification and ossification of the pinna in Addison's disease.

Fig. 45.67 Calcified and ossified haematoma of the upper arm with an
associated periosteal reaction.
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the hands and feet with loss of muscle bulk and premature ageing
are features of Werner's syndrome. Arterial calcification in the
hands and feet and calcification over the bony prominences are fre-
quent findings.

Tumoral calcinosis
Tumoral calcinosis typically presents in young African men with
swellings, which may be painful, around the large joints and pre-
dominantly affecting the extensor surfaces. The hips are most
frequently involved followed by the elbows and the shoulders
(Fig. 45.71). The joints themselves are normal. These masses arise
in the fascial planes between the muscles and calcify or ossify,
usually appearing well circumscribed, lobulated and solid, although
the calcification may be of a lacy or linear pattern. Occasionally
fluid levels are evident within the masses with the calcium lying
inferiorly. Rarely there are associated periosteal reactions of the
greater trochanter, ischium and elbow. There is often hyperphos-
phataemia with normal renal function, calcium and parathyroid
hormone levels.

Pseudoxanthoma elasticum
This presents with similar calcified masses, arterial calcification
and cutaneous xanthoma.

Myositis ossificans
This condition is classified into three types: progressive, post-
traumatic and paraplegic. The /progressive form, myositis ossificans
congenita, is a hereditary disease which is usually autosomal domi-
nant or an isolated mutation and commoner in boys. It presents with
ossification of the perimuscular fascia within one year and is asso-
ciated with many congenital hone lesions such as phalangeal and
metacarpal hypoplasia of the thumbs and big toes. Initially there is
ill-defined hazy calcification of the soft tissues over the neck and
back with soft-tissue masses. The swellings resolve and this is fol-
l owed by the formation of irregular plates of hone with trabecula-
tion and cortex formation which in the limbs lies along the axis of
the muscles (Fig. 45.72). The joints become ankylosed. The condi-
tion is usually fatal. In the limbs the appearance needs to be distin-
guished from a parosteal sarcoma.

Fig. 45.72 Myositis ossificans congenital. Note the plates of bone formed
i n the soft tissues of the back.

Fig. 45.71 Tumoral calcinosis. A large soft-tissue
swelling with calcification.

Fig. 45.70 (A,B) Dermatomyositis.



Post-truunuttic nn •ositis results in a soft-tissue mass which ossi-
fies with a lacy pattern by 4-8 weeks. Common sites are the elbow
(Fig. 45.73) and knee. The ossification may resolve. Paraplegic

myositis develops in paraplegics within 3-4 weeks below the level
of the paralysis. There is heterotopic pertiarticular calcification and
ossification around the joints particularly the hip with irregular
plaques of hone forming (Fig. 45.74).

The plain film is frequently non-contributory but there may be a
soft-tissue swelling with a diffuse increase in density and distortion
of the fat planes with hone destruction if malignant, or displace-
ment of the fat planes and a bony pressure defect and sclerosis if
benign. MRI is the investigation of choice in conjunction with a
plain film or CT to demonstrate the presence of calcification.

The lipoma is the commonest soft-tissue tumour. Malignant
tumours are rare, usually develop in the elderly and comprise less
than 1% of all cancers. With neurofibromatosis there are multiple
superficial skin nodules which are usually sharply demarcated by
the surrounding air.

Various types of calcification may develop within both benign
and malignant tumours (Fig. 45.75). Phleboliths occur in haeman-
giomas. Central calcified necrosis may he seen within a lipoma, but
calcification is more commonly a feature of a liposarcoma.

A liposarcoma usually develops in the middle aged and elderly in
the deep soft tissues of the thigh, buttocks and retroperitoneuni.
They are more opaque than the benign liporna and less well defined
with calcification forming between the fatty lobules (Fig. 45.76).
Large irregular calcified areas may he found with a soft-tissue
osteogenic sarcoma or a synovial sarcoma. Only 10%- of synovial
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sarcomas arise primarily from the joint and they may develop in
tendon sheaths. The majority occur in the lower limb. Calcification
occurs in one-third of synoviomas and is associated with a better
prognosis. Primary soft-tissue chondrosarcomas are rare and associ-
ated calcification may he amorphous, spotty or streaky. Similar
calcification is described with other sarcomas.

Juvenile fascial or aponeurotic fibroma is a rare benign tumour
which presents as a painless mass in infants and children. It arises
from the aponeurosis of the palm of the hand but also the lower leg
and foot. It is often very large with stippled calcification appearing
l ate. It is locally invasive.

CT of the chest and abdominal walls can be performed using
similar techniques to those for routine chest and abdominal scan-
ning and is thus familiar to most CT departments. Routine assess-
ment of the chest or abdominal wall should he a part of all CT
scans of these regions (Figs 45.77, 45.78). Scanning of the li mbs is
much less frequently performed. Careful technique and considera-
tion of patient positioning is required to obtain optimal results.
Reducing the volume of tissue within the scan plane will allow
scans or a lower mA with better signal-to-noise ratio, lower patient
radiation dose, less beam hardening and less streak artefact.
Therefore, it is generally better to scan only one limb at the site of
pathology rather than both limbs together.

For the lower limbs, it is feasible to lie the patient supine, flex the
normal hip and knee, and place the normal foot on the table at the
level of the contralateral knee. Scanning of the affected leg alone is
then possible front the knee downward. Above the knee it is neces-
sary to scan both lower limbs together. In the upper limb, scanning
from the elbow downward is possible with the patient standing or
sitting by the scanner table with the affected forearm placed cen-
trally along the long axis of the table. Scanning of the arm from
shoulder to elbow is possible with the patient lying on the affected

side, with the arm abducted over a large triangular foam pad and
the scanner gantry tilted away from the patient's head. The alterna-
tive-scanning with the arm by the patient's side-results in the

entire chest being irradiated, with consequent massive increase in

effective dose and reduction in image quality.

Fig. 45.77 CT thorax. Atrophy of the right serratus anterior muscle is
evident (arrow), secondary to previous lateral thoracic nerve damage.

The soft-tissue planes of the limbs are demonstrated by CT due to
the presence of fat between the muscles and fascia. The amount of
fat within and between muscles generally increases with increasing
age, increasing the number of individual muscles separately identi-
fiable. The density of muscle tissue is not significantly different
between the sexes nor is it markedly affected by age or pathology,
though muscle hulk may change and fatty infiltration between

muscle fibre bundles may be appreciated.

Fig. 45.78 Abdominal wall hernias. (A) Inguinal hernia (arrows).
(B) Spigelian hernia (lateral to the rectus sheath) (*). (C) Lumbar hernia
(arrows).

I mages should he obtained targeted to the region of interest and
using a high-resolution algorithm (commensurate with acceptable
i mage noise in the soft tissues) to give the greatest possible
spatial resolution. Not all patients will tolerate these positions for

l ong, and a rapid scan technique is thus essential. If contrast
enhancement is required, placement of a venous catheter prior to
patient positioning may he necessary. Lesions may extend beyond

the obvious compartment involved, and care must he taken to
ensure that the full extent of an abnormality is demonstrated (e.g.
a proximal thigh lesion may extend into the pelvis). While mag-
netic resonance imaging (MRI) is the method of choice for

i maging most soft-tissue lesions. CT can demonstrate many

l esions adequately and with careful technique gives a low effec-

tive radiation dose to the patient.



Fig. 45.79 (A) Simple intramuscular lipoma with a central vascular struc-
ture. (B) Intramuscular lipoma interdigitating between the muscle fibres of
gastrocnemius. (C) Atypical lipoma with irregular soft-tissue densities in the
tumour, indistinguishable from a low-grade liposarcoma but histologically
due to myxoid changes. (D) Intramuscular sarcoma (arrow).

CT will demonstrate the site, size and extent of soft-tissue masses
and may identify characteristic fat or calcific density in some
l esions. CT is used in radiotherapy treatment and planning. The
determination of body composition (fat lean ratio) can be per-
formed using CT but this is a relatively high radiation dose research
method. The degree of peripheral oedema in chronic lymphoedema
can be measured and monitored by CT. This technique can also
demonstrate the distribution of muscle atrophy and fatty replace-
ment in intrinsic and ncurumuscular disease.

Lipoma The characteristic attenuation of fat identifies lipomas.
A thin soft-tissue capsule may be seen surrounding a subcuta-
neous lipoma. Within the lesion there should be homogeneous fat
density with few, if any, internal septa. Larger lesions may contain

upon the site of the lesion and the rate of blood flow through it
blood vessels. A significant soft-tissue element or heterogeneity

(Fig. 45.80).
of attenuation within a fatty lesion raises the possibility of
liposarcoma. Lipomas most commonly arise in the subcutaneous Neurofibroma Peripheral neurofibromas are soft-tissue density,

fat but intermuscular and intramuscular lipomas can occur well-defined oval or rounded masses, typically lying with their
( Fig. 45.79). l ong axis along the course of a nerve. They arc usually of lower

Haemangioma I nt amuscular haemangiomas are uncommon.
density than adjacent muscle (Fig. 45.81).

They characteristically contain calcifications (phleboliths) and Desmoid Desmoid tumours may contain dense fibrous tissue

areas of fatty tissue between and around the abnormal vessels which can result in a CT number higher than other soft tissues

within the lesion. The CT appearances may therefore be ding- (100-200 HU). CT scanning of the hand and wrist for soft-

nostic. The vascular spaces may enhance after intravenous con- tissue pathology is unusual (Fig. 45.82). The commonest solid

tract but the timing of the enhancement is variable, depending soft-tissue mass in the hand is a giant cell tumour of the tendon
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scanning of the thorax is an important staging procedure for
sarcoma to identify pulmonary metastatic disease.

Soft-tissue involvement with Ivmphnruta may occur. Infiltration

of muscle may produce increase in hulk and distortion of muscle
outline but the tumour itself may be indistinguishable from muscle
i n density, making some lesions undetectable on CT.

Soft-tissue tnetaslatic deposits arc rare except in advanced
disease.

Soft-tissue infection
Abscesses i n the soft tissues have appearances typical of abscesses
elsewhere, with a central low-attenuation (fluid) area and a surround-
ing denser wall which may show enhancement after contrast. Inflam-
matory changes surrounding this may make adjacent fat appear

indistinct or infiltrated. Gas may occasionally be seen in the soft tis-
sues; differentiation of intramuscular gas (seen in gas gangrene) from

interstitial/subcutaneous gas (seen in other gas-forming infections) is

i mportant.

Haematoma
The size, site and progression of intramuscular haematoma can be

identified on CT; this may be of value in hemophiliac patients

(Fig. 45.83).

Muscle rupture
Muscle rupture is best identified on MRI but may present as a soft-
tissue mass (due to muscle bunching adjacent to the tear). CT may
drn,nnctrala a dofert in the mnccle adiacent t o the mass of muscle

Fig. 45.82 CT i mages of the hand. (A) Giant cell tumour encasing the flexor
tendon of the little finger. (B) Lipoma of the palm, interdigitating between the
flexor tendons and metacarpals. (C) Soft-tissue sarcoma arising in the hand.

sheath, while the commonest cystic lesion is a ganglions. CT is
not usually indicated for the evaluation of either of these
l esions.

Malignant soft-tissue masses
Primary soft-tissue sarcomas are rare; the commonest is malignant
fibrous histioc.vtoma. With the exception of liposarcoma, which
may contain identifiable fat density on CT, the histological type of a
soft-tissue sarcoma cannot be reliably identified on CT. Although
i nfiltration of adjacent soft-tissue structures might be anticipated,
most soft-tissue sarcomas are lohulated, well-defined masses on CT
(Fig. 45.79).

Areas of necrosis or haemorrhage may result in heterogeneous
attenuation within the lesion. Contrast enhancement is variable.
Biopsy of a suspected soft-tissue sarcoma should only he performed

Fig. 45.84 Partial rupture of the right rectos temoris; note reduction in
after discussion with the surgeon planning definitive management, bulk of the right muscle and focal high- and low density areas centrally,
as inappropriate biopsy can adversely affect subsequent surgery. CT representing fibrosis and fat infiltration (arrows).



Fig. 45.86 Tumoral calcinosis, calcium-fluid levels (arrow) in a multi-
l oculate collection around the shoulder in a patient in renal failure.
(Courtesy of Professor J. E. Adams.)

1. Access to patients. Conventional MR machines enclose
patients in a long tunnel in the centre of the machine, preventing all
access to the patient during scanning. Conventional diagnostic MR

I. No ionising radiation is involved in MRI: this is obviously a
very advantageous situation. The patient does not receive a signifi-

cant dose of ionising radiation and it is also much safer for the
operator and any procedural assistants. Imaging can be potentially
carried out over long periods, and needles, catheters, etc., can all be
moved during imaging from within the field, which is not possible
during conventional imaging of interventional procedures. An
example of this is CT, where needle movements are carried out
blind with movements interspersed with images. In addition, preg-
nant patients (second and third trimester) may be safely examined
under this form of imaging.

2. The high soft-tissue sensitivity inherent to MR1 is much
greater than that of all other imaging modalities. MRI can there-
fore discriminate between areas of pathology and normal tissue,

even if there is no change in the size of the organ involved, allow-
ing excellent discrimination of the margins of the lesions. As
a result MRI provides the best possible visualisation of a
l esion, allowing it to be biopsied, punctured, etc., in an optimal
fashion.

3. MR1 allows multiplanar operator-independent images to he
readily obtained, enabling complete assessment of any lesion and
how it can be approached. If an oblique paracoronal or parasagittal
approach is the best plane in which a lesion may be approached,
then such an image can be readily set up and intervention moni-
tored in this plane using repeated MR scans without having to move
the patient.

4. Some metabolic changes in the tissues can be monitored in
real time by MRI. This is potentially the single most important
aspect of interventional MRI. The most common example of such
changes is that seen secondary to heat or cold application to tissues,
with the result that the signal intensity of the tissues is significantly
decreased. Destructive thermal energy can be applied to tissue
lesions and the effect and extent of this energy on the target tissue
can be imaged by MRI in real time. This application has been
studied in the greatest depth with Nd-YAG laser fibres applying
heat to tissue, but much the same effect is seen with cryofibres
applying cold energy. This aspect of MR scanning will permit the
development of many new procedures in this area which will allow
the use of localised destructive energy in pathological lesions
without damaging adjacent tissues (see below).

Post-traumatic myositis ossificans has characteristic appearances
on CT, with calcification or ossification most dense around
the periphery of the lesion, often with a linear or striated appear-
ance as it extends between muscle bundles (Fig. 45.85). By con-
trast, most calcifying tumours are most densely calcified
centrally. Correct identification of myositis ossificans is impor-
tant as recurrence and progression of the lesions may occur if
surgical resection is attempted. Soft-tissue calcification from
other causes can also he demonstrated on CT (Fig. 45.86) as on
plain film.

Interventional work is rarely performed on MRI machines because
i t is awkward to carry out and time consuming in the normal condi-
tions that apply in a regular diagnostic magnet. Despite this MRI
has many theoretical advantages in the interventional field which, if
they could be correctly harnessed, would make it a very powerful
technique bringing many new strengths.

THE SOFT TISSUES 1445
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machines are therefore awkward for interventional work. This extent of tissue destruction produced. MR guidance of these proce-
problem is being addressed by the design of a new range of open dures will overcome this unpredictability and allow such therapies
MR machines which have a gap where the imaging volume is to be safely and effectively applied in many areas of the body.
placed so that access can be obtained to the patient to allow such The ability to utilise this form of localised destructive energy in
procedures. many different areas of the body under close image guidance will

2. Speed q/'imaging. The speed at which MRI can be carried open up a wide range of new procedures, potentially replacing
out has increased greatly over the last 5 years. Many conventional many operative surgical procedures by simple minimally invasive
scanners, however, cannot routinely carry out the rapid imaging day-case interventions. This combination of technologies therefore
which is required in interventional procedures. Fast gradient-echo allows the targeting of closely controlled destructive energy without
scanning, echo planar scanning, etc., have all increased the rapidity damaging adjacent tissues.
with which MR machines can acquire images, so that currently
many machines have the capability of producing near real-time
results. Exact details of these vary immensely between machines, The more advanced open scanners have integral sophisticated tracking
but these newer sequences will allow the development of `MR and localising facilities which allow very accurate placement of
fluoroscopy'. biopsy needles, etc., in target tissues. With on-line near real-time

3. MR-compatible instrumentation. Conventional ferromag- i mages available, this will allow biopsy of a variety of complex areas
netic instruments cannot be used in an MR machine. Such instru- within the body under continuous imaging control. The most obvious
merits arc strongly attracted into the centre of the magnet and may area to benefit from this form of approach is the brain. Conventional
become missiles themselves. Even a small amount of iron which CT guided stereotactic biopsy is very time-consuming and requires
nay be present within a tool may often make movement within the the use of applied metal frames. Frameless stereotactic biopsies will
magnetic field very problematical. In addition ferromagnetic sub- be possible with the more sophisticated open magnets guided by real-
stances produce very substantial artefact in the imaging field so that ti me imaging (Figs 45.87, 45.88), allowing a massive improvement in
little of the target image will be seen if such an instrument is inad- speed, safety and efficacy of such procedures since the needle would
vcrtently placed within the imaging volume. A completely new actually be able to he guided into the lesion in question under direct
field of MR-compatible instrumentation is developing using a imaging which is not currently possible with conventional stereotactic
variety of new materials. Non-ferromagnetic metals such as tita- biopsy.
nium and other alloys are being introduced in many areas, and non-
metallic components such as plastics, ceramics, carbon fibre, etc., are Endoseopie monitoring
being developed to replace iron and overcome the above problems. Minimally invasive endoscopic procedures are becoming much

more popular, and larger and larger interventions are being carried

A variety of more open MR scanners are being developed by most
of the major MR imaging manufacturers. Their capabilities vary as
does their field strength, with the most powerful open scanner cur-
rently available being at 0.5 tesla. As technology develops these
field strengths will increase, permitting faster sequences and easier
monitoring of interventional procedures as a result.

The range of new procedures that interventional MRI will initially
develop can be categorised into the following main areas:

I. Thermal ablation procedures
2. Accurate biopsies in difficult/unusual places
3. Endoscopic monitoring
4. Guidance of open surgery
5. Upright biomechanical imaging.

Thermal ablation procedures
These have been briefly described above. As heat or cold is applied
to tissue its signal intensity is lowered on MR images of the area.
The amount of signal loss is broadly proportional to the amount of
heat or cold applied until cell necrosis occurs. This property allows
MRI to be used as an in vivo thermometer. As a result thermal abla-
tion procedures where destructive heat or cold energy is applied to a
pathological lesion such as a secondary tumour can be closely con-

Fig. 45.87 Percutaneous biopsy of lung in right iliac fossa under MR
trolled. Thermal ablation procedures are used without MR guidance control. Axial (A) and sagittal (B) views. Dotted lines represent computer-gen-
but they suffer from a substantial unpredictability in terms of the erated tracks of titanium biopsy needle. Histology-carcinoma of the colon.



Fig. 45.89 (A) Fibroid pre-5-cm fibroid arising from the anterior lower uterine wall. Sagittal T 2 -weighted image. (B) Fibroid with needles.
T 2 - weighted image showing MR-compatible needles placed into the fibroid seen in Fig. 45.90 under MR guidance. Laser fibres are subsequently placed via
these needles and heat is applied directly to the target fibroid using MR thermal mapping to control position and extent of healing. (C) Fibroid post. Same
patient 4 months later showing marked subsequent reduction in fibroid size.

Guidance of open surgery ( Figs 45.89, 45.90)
The open access to the imaging volume in newer open scanners.
particularly in the vertical orientation, allows surgical procedures
to he performed in MR scanners. In many instances surgery is
performed in circumstances where the operator cannot visualise

out using such approaches. Concern however remains about the
l ong duration of these procedures and their safety in poorly trained
hands. The more open magnets allow endoscopy to he carried out
within the imaging volume of the MR machine. As a result the posi-
tion of the endoscope can he monitored on MR images and the
surgeon can be guided by repeated MR scans to the target tissue or
i nformed as to the nature of the tissue that he or she is visualising" the use of such endoscopic guidance will shorten the duration of

This is particularly important as the use of microendoscopes with a these procedures and make them more effective, and, as a result,

much smaller field of view becomes more popular. These new tlexi- improve their safety.

ble scopes can be placed in many more difficult and unusual parts
of the body but because of their small field of view they are more
difficult to manoeuvre through the body to the target area. MR [ call
overcome this problem. Further localisation devices are available
which will allow the endoscope to trigger the MR machine to scan
to its tip as it is moved through the target volume, thus allowing
continuous monitoring of the site of the endoscopy. It is hoped that

Fig. 45.88 (A) Sagittal gradient-echo scan post MnDPDP contrast showing a 3.5 cm-diameter lesion in
upper part of the right lobe of the liver. (B) Real-time imaging with a virtual needle projected into the

l esion from a chosen skin puncture site. (C) MR-compatible alloy needle being advanced into the lesion
along the virtual needle path. The significant diameter of the apparent low signal of the needle represents
metallic artefacts. (D) MR-compatible needle advanced directly into the metastatic lesion.
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Biomechanical investigations
The space around patients in open MR scanners allows images to
be obtained in a variety of joint positions with the whole limb
moving between images. This means that for the first time changes
i n soft-tissue positions induced by movement within joints can
start to be appreciated. Conventional soft-tissue imaging is
entirely static and while it has allowed massive gains in our
understanding of rnusculoskeletal diseases, it is very likely that
dynamic motion imaging will allow us to gain significant further
insights into how joints work in normal patients and how such
function is altered by disease. The predominance of open MR
scanners have horizontal access to the patient and therefore cannot
image patients in an erect weight bearing position. It is not yet
completely clear how much influence the erect position has but it
seems likely that this is a very important factor. A significant
amount of work is therefore being driven towards trying to mimic
these loading stresses on joints within horizontal magnetic environ-
ments by a variety of pulley-systems, etc. Scanners that have a
more vertical access can carry out images easily in the direct erect
weight-bearing position and it is likely both these approaches will
provide us with a new appreciation of how joints really move in
everyday life.

I nterventional MRI has great potential in the development of a
whole new range of minimally invasive therapeutic procedures. It

marries MR monitoring with other technologically advanced

modalities, improving the results of both and raising the prospect
of carrying out extensive therapeutic procedures as day cases.
This will provide substantial inprovements in patient mortality
and morbidity and will allow significant overall cost benefits to
health services. The emergence of this field points the way
towards the methods we will he using to treat patients in the next
century.

the proximity and position of adjacent vital structures. This means
that the extent of the surgical procedure may unwittingly damage
adjacent structures or often the procedure is limited at a relatively
early stage because of fear of causing such collateral local
damage. If a surgeon had the means of imaging the resection
margin and adjacent soft tissues these inherent surgical problems
could be potentially reduced. Using MR1 to provide to such moni-
toring may solve these problems in many situations. MRI can
provide excellent anatomical and pathological depiction of the
whole surgical field and will allow the full extent of the resection
target to he clearly visualised in most cases, and can show how
the resection margins are positioned with respect to the target.
Similarly adjacent vital structures such as blood vessels, sphinc-
ters, etc. are easily visualised using MRI and surgery can be
adjusted appropriately to ensure that they are not inadvertently
damaged. The disadvantage of this type of approach is that
surgery must be carried out within the very hostile environment of
a high magnetic field. Instrumentation must be modified because
normal surgical materials are predominantly iron based and as a
result instruments can become dangerous missiles within the MR
environment. In addition the movement of surgeons in the mag-
netic field is much more limited because of the enclosed nature of
a magnet. However the advantages that this type of approach
bring counterbalance many of these problems. Most surgical
instrumentation is now available in MR-compatible materials such
as plastic and ceramics and titanium.

Neurosurgery has pioneered this approach particularly within the
brain. The intention here is to try and resect the maximum amount
of abnormal tissue while damaging the least amount of normal
brain. Early reviews of this type of work suggest that this approach
may reduce the incidence of early significant recurrences of brain
tumours. Similar principles are also starting to be applied to general
surgical procedures. Early work has been performed in breast
surgery and anorectal surgery with the same overall goals as neuro-
surgical procedures.

Fig. 45.90 (A) Liver thermal ablation. Real-time MR thermal map produced by a subtraction process using T, signal loss. Red area indicates the extent of
necrosis in this liver. Images are updated every 4 seconds providing an approximate in vivo thermometric read out which is used to control the (ablation).
(B, C) Print outs at 4 second intervals.
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L Generator. Most modern high-voltage generators produce a
near constant potential output using medium- or high-frequency con-
verter technology. A high output rate is desirable in order to reduce
exposure time and therefore minimise movement unsharpness.

2. X-ray tube. The most commonly used target-filter combina-
tion is a molybdenum (Mo) target with 0.03 mm Mo filter. The
peak kilovoltage is normally in the range 26-30 kV and typically
28 kV. The resultant X-ray spectrum exhibits characteristic X-rays
at 17.4 and 19.4 keV, with a sharp cut-off above 20 keV due to the
absorption edge for molybdenum. The remaining lower energy

photons, mainly in the range 17-20 keV, are well suited for produc-
i ng maximum contrast from the radiographically similar soft tissues
of the breast.

The Mo/Mo target-filter combination is well suited to the average
or small-sized breast. Large breasts or breasts containing a high
proportion of dense glandular tissue may require a higher energy

spectrum of radiation to provide sufficient penetration and
prevent excessive dose. Certain modern mammography machines
therefore have a choice of target-filter combinations including
Mo/Mo,Mo/ rhodiumMo/palladium, rhodium/rhodium so that the
optimum X-ray spectrum can be selected for different types of
breast.

A small focal spot is necessary for high-resolution images.
However, the size is limited due to thermal considerations.
Typically, an X-ray tube with a nominal focal spot size of 0.3-
0.35 mm is used for normal mammography. A fine focal spot of
0.1 mm is used for magnification techniques. The focus to film
distance is in the range 60-65 cm.

The X-ray tube needs efficient heat dispersal characteristics to
allow short exposure times with a high tube current while allowing
high patient throughout.

3. Automatic exposure control (AEC). The AEC automatically
controls the exposure duration so that the optimum optical density
of the mammograms is maintained over a wide range of different
breast sizes and densities. The AEC device, either a photo-timer or
ionisation chamber, is normally positioned 3-5 cm posterior to
the nipple, where the most dense glandular tissue is likely to be
situated.
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Effective mammography requires consistent high-quality images
with optimum film density and contrast, high resolution and low
radiation dose. This is particularly important for the detection of
small cancers because the radiological signs may be very subtle.
The mammography equipment and technique used therefore have to
take into account wide variation in breast size, variation in the rela-
tive amounts of fat, glandular and stromal tissue which are present,

and the low contrast between normal breast tissue and common
pathological lesions. The current physical criteria for an acceptable
mammographic image are:

• Mean optical density = 1.4-1.8 (measured by imaging a 4 cm
perspex block using the AEC at standard clinical settings)

• High-contrast spatial resolution = It) line pairs per mm
• Low-contrast spatial resolution = 3.2 line pairs per mm
• Minimum detectable contrast: 5-6 mm details = 1%, 0-5 mm

details = 5%
• Mean glandular dose = 2 mGy per view (1.5 mGy or less per

view is currently achieved by about 75ck of UK screening
centres).

Dedicated niammo`graphy X-ray equipment is necessary for
producing high-quality images and should have the following
features:

Radiological examination of the breast is established as an essential
part of the modern multidisciplinary approach to effective investi-
gation and management of breast disease. The more widespread use
of X-ray nmammography in breast cancer screening programmes has
been accompanied by further development of both invasive and
non-invasive radiological techniques used for establishing the diag-
nosis of palpable and non-palpable lesions. The standard techniques
used for breast imaging are screen ,film X-ray mammography and
real-lime ultrasound. Other new techniques which are either under
development or for which the indications for use are being evalu-
ated include MRI, colour Doppler and contrast ultrasound, scinti-
mammography and digital mammography.



The primary application of small field digital systems (field sizes
ranging from 5 x 5 cm to 4.9 x 8.5 cm) is for stereotactic biopsy

Recent developments in diagnostic imaging technology have
resulted in the gradual replacement of film-screen imaging systems
by digital devices. In mammography, digital technology was first
applied to small field imaging devices. More recently, full field
digital imaging systems have been developed.

Digital imaging provides a higher dynamic range and improved
contrast resolution when compared to film-screen imaging. This
may improve diagnostic capability and for mammography should
outweigh the potential loss in limiting spatial resolution. The
greater dynamic range should also reduce the number of retakes
required and lead to a greater consistency of quality. Currently,
digital imaging results in a similar breast dose to that of a modern
mammographic film-screen combination. However, developments
in detector design may eventually result in a reduction in radiation
dose. Additionally, the improved contrast performance may also
allow imaging at higher kV values and with higher atomic number
filters with consequent reduction in breast dose.

Digital mammography systems have an associated computer work-
station with controls for image acquisition, display, processing and
handling. Ideally reporting should be directly from the workstation
monitor (softcopy). Alternatively, the image can be printed onto film
(hard copy).

Computed radiography
Computed radiography (CR) systems, using laser-stimulated photo-
stimulable phosphor technology, are widely used for general radi-
ography. An advantage of CR is that the imaging plate is contained
i n a cassette that can be loaded into a conventional bucky assembly
or cassette holder.

Initially, for mammographic imaging, high-resolution plates
designed for general radiography were processed in a standard
i mage reader using special algorithms for breast imaging. Resolu-
tion is typically 100 µm. More recently, CR systems designed
specifically for mammography, with improved plate/phosphor
design providing increased spatial resolution (50 µm) and dedi-
cated image readers, have been developed.

The CR image can be presented on film using a high-resolution
laser imager or displayed on a monitor at a suitable workstation.
Data from centres using CR suggests that the sensitivity for carci-
noma detection with CR imaging is at least equal to that of conven-
tional film-screen mammography.

Direct digital detectors
I mage acquisition in CR is a two-stage process requiring transfer of
the CR plate to the readout device. Direct digital radiography
(DDR) is a single-stage process in which the image is transferred
directly from the detector to the workstation. Two approaches to the
design of full field direct digital detectors have been considered.

CCD devices One manufacturer has produced a full field imaging
system based on a tiled array of CCD detectors. After exposure
the image is `stitched' together from the individual sections from
each detector element. Stitching artefacts or narrow strips

4. Secondary radiation grid. The use of a moving grid system
results in improved resolution and contrast by decreasing scattered
radiation. The potential increase in dose due to use of a grid can be
offset by use of faster film-screen combinations. A grid is not
necessary for magnification mammography where the scattered
radiation is removed by the air gap.

5. Compression. Firm compression is essential for high-quality
mammograms and is applied using a powered system operated by a
foot control. It is important that there is even compression of the
entire breast. The effects of compression are:

(i) reduced dose;
(ii) reduced scatter-improved contrast;
(iii) reduced geometric unsharpness;
(iv) reduced movement unsharpness;
(v) reduced range of breast thickness;
(vi) reduced tissue overlap improved resolution.

6. Film-screen combination. Single side emulsion film is used
with a single intensifying screen in order to ensure optimum resolu-
tion. Specially designed cassettes ensure good film-screen contact
and have a front face constructed of low radiation absorption
material. Modern screens use rare earth materials, e.g. gadolinium
oxysulphide, which increase the speed of the film-screen combina-
tion, allowing a decrease in the radiation dose required while maxi-
mising contrast.

7. Processing. Dedicated processing facilities should be avail-
able for mammography film to obtain consistently highest quality
i mages. The chosen processing conditions and chemistry need to
be matched to the film-screen combination in use. In general,
optimum film density and contrast are achieved by an extended pro-
cessing time of up to 3.5 minutes together with a lower developer
temperature (34°C) than for general radiography.

procedures. All the current units arc based on charge coupled
device (CCD) technology in which the CCD camera is coupled to a
phosphor screen. X-ray photons are converted to light by the phos-
phor and then to an electronic signal by the CCD. Spatial resolu-
tion, in terms of pixel size, is between 2.5 and 100 µm, depending
on the design of the system.

The benefits of rapid image acquisition can significantly reduce
the time taken for a similar examination using film-screen imaging.
Other advantages of this technique are the benefits to the patient of
a reduced time under compression, less chance for movement of the
breast and a saving of radiologist's waiting time. Thus it may be
possible to perform the procedure on an `as and when' basis rather
than needing to recall the patient for a stereotactic session. Clinical
experience has suggested that the use of digital imaging can
improve the performance of upright stereotactic core biopsy of
microcalcifications giving a significantly increased success rate in
accurately obtaining calcifications (Whitlock et al 2000).

Certain of the systems can be used for spot imaging in addition
to stereotactic localisations. Magnification techniques may also be
possible although the zoom/magnify facility in the image process-

ing software may replace the necessity for acquisition of a magni-
fied image. Small field digital imaging systems are also available as
part of dedicated breast biopsy units. The patient lies on a horizon-
tal tabletop in a prone position, an aperture is provided for the

breast. The table is designed to comfortably support the patient in a
stable fixed position while allowing maximum access to the breast.

The X-ray tube and detector assembly are mounted below the
tabletop.
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storage, a separate archive facility is required and may take several
forms. Data compression may be used to improve the efficiency of
storage.

between the sections that are lost from the image (typically
80-100 pm in width) may occur but the manufacturer suggests
that these are so small as not to be of significance in clinical prac-
tice. Spatial resolution is superior to current flat panel detectors at
approximately 40 µm. An alternative approach is a scanning
system in which a moving slit collimator scans a fan beam of
X-rays across the breast. The detector comprises a linear array of
CCD devices and its movement is synchronised with the scanning
X-ray beam. The scanning beam technique provides high scatter
rejection resulting in improved image quality. Radiation dose is
reduced as a secondary radiation grid is not required. An image
resolution of 55 p.m or better may be possible. However, the time
for a typical scan is approximately 4-5 seconds.

Flat panel detectors Two designs of flat panel detector have
been considered.

Amorphous silicon detectors Currently, one manufacturer
offers a full field digital imaging system using an amorphous
silicon-based flat panel detector that provides an image resolution
of 100 µm. A caesium iodide phosphor screen converts X-ray
photons to light. The phosphor is coupled directly to an amor-
phous silicon panel that incorporates a photodiode/thin film tran-
sistor (TFT) array. Each of the photodiodes represents a pixel,
these absorb and convert the light to electronic charge which is
then read by the associated transistor array.

Amorphous selenium detectors These detectors are similar to
the amorphous silicon devices but without the requirement for a
phosphor screen. The X-ray photons are converted directly to
electronic charge in a selenium layer that is then read by the TFT
array. This design has the potential to improve image quality
(primarily in terms of sharpness) as there is no light spread asso-
ciated with the use of a phosphor. A number of selenium-based
systems are in development, resolution is projected to be between
80 and 100µm.

Display of digital mammography images will be by high-quality
monitors at a workstation for softcopy reporting or printed on to
film using a high-resolution device, such as a high-resolution laser
film printer, for hardcopy reporting. A lower specification printer
may be considered if images are only required for patient records.

Small field digital imaging systems are supplied with a single
workstation that provides the operating system for image acquisi-
tion plus a range of image-processing tools for image display. Due

to the limited image field size, a single monitor can be used to
display single images or stereo pairs.

Full field digital imaging systems are provided with an acquisi-
tion workstation with a single monitor and a limited range of
i mage-processing and handling tools. The reporting workstation
will require two high-quality monitors mounted next to each other
i n portrait format to allow the display of pairs of digital mammo-
grams at full resolution. A comprehensive range of image process-
ing and handling tools will be provided. Some manufacturers are

developing advanced features for digital imaging such as computer-
aided detection (CAD), telcmammography (transmission of images)
and 3D reconstruction.

Digital images comprise a large amount of data that need to be
stored both in the short and long term. Short-term storage is gener-
ally provided on the workstation computer hard disk. For long-term

Fig. 46.1 Correct positioning for mediolateral oblique view. a = Nipple
i n profile. b = Pectoralis muscle visible down to level of the nipple.
c = Inframammary fold visible. d = Glandular tissue evenly compressed and
adequately penetrated.

Standard views:
Lateral oblique
Craniocaudal

Supplementary views:
Lateral (lateromedial or mediolateral)
Extended craniocaudal (medially or laterally related)
Magnification
Localised compression (may be combined with magnification)
Cleavage view

The standard examination for women undergoing either sympto-
matic mammography or their first screening examination consists
of a lateral oblique and a cranio-caudal view of each breast. The
lateral oblique view is usually obtained with the tube angled at 45°
to the horizontal, but tube angulation from 30° to 60° may be
needed depending on the build of the woman. More breast tissue is
demonstrated on the lateral oblique projection than on any other
projection.

Careful positioning is essential for satisfactory demonstration of
the breast. The criteria for adequate positioning for the oblique view
are shown in Figure 46.1. The nipple should be seen in profile; the
anterior surface of the pectoralis muscle should be visible down to
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The breast contains 15-20 lobes, each with a duct opening in the
nipple. The main duct branches repeatedly within the breast and the

the level of the nipple; the inframammary skin fold should be
visible; the breast should be lifted sufficiently and compression
applied so that the breast tissue is spread evenly between the com-
pression plate and the film holder; there should be no skin folds
superimposed on the breast (Fi( , . 46.2). In order to achieve a satis-
factory position, the radiographer should enable the patient to he as
relaxed as possible.

The standard craniocaudal film is obtained with a vertical X-ray
beam and the nipple should be in profile (Fig. 46.3). The cranio-
caudal projection demonstrates the subareolar, medial, and lateral
portions of the breast. However, tissue in the posterolateral aspect of
the breast may be incompletely demonstrated.

Supplementary views
For demonstration of tissue in the most posterolateral part of the
breast, an extended craniocaudal view is used with the patient
rotated medially to bring the lateral aspect of the breast and axillary
tail over the film. When the posteromedial portion of the breast is not
satisfactorily demonstrated, an extended craniocaudal view with
lateral rotation of the patient is obtained.

Magnification views are obtained by increasing the object-film
distance, producing an `air gap', and using a fine focal spot to
increase resolution. A magnification factor of 1.5 is usual and the
i ncreased resolution obtained is particularly helpful for detailed
analysis of microcalcifications and the margins of small mass
l esions.

Localised compression views are obtained by using a small paddle
compression device (Fig. 46.4) and may be used together with
magnification. By compressing one area of the breast, tissue over-
l ying a small lesion is displaced, allowing better demonstration of
its features. The technique is also very helpful in analysing asym-
metrical soft-tissue shadows, either by confirming that the shadow
has the appearance of normal glandular tissue or by demonstrating
that an underlying lesion is present.

most distal branches of the duct system are called the terminal
ducts. The terminal duct consists of extralobular and intralobular
portions. The intralobular portion, together with the acini, forms a
lobule. The extralobular terminal duct and the lobule form a terminal
ductal lobular unit (TDLU). The TDLU is the site of origin of most
malignant and benign diseases of the breast.

The mammographic appearance of the breast depends on the
relative amounts of fat and glandular tissue which are present
(Fig. 46.5). The young woman's breast contains a large proportion
of glandular tissue which appears as soft-tissue density on the

mammogram; in older women, when involution of the glandular
tissue has occurred, most of the breast tissue appears of fatty density.
During involution, there is a mixture of soft-tissue and fat density
present. The junction between the subcutaneous and retro mam-
mary fat layers and the glandular tissue should consist of a series of
curved margins. Straightening or distortion of these margins may
indicate the presence of underlying pathology in the glandular
tissue. Other normal structures visible on the mammogram include
nipple and skin, blood vessels, ducts, Cooper's ligaments and axillary
l ymph nodes.

Normal variants
The normal anatomical variants of the breast result from the embry-
ological development of the breast from the band of ectoderm on
the ventral surface of the embryo extending from clavicle to groin,
the `nipple line'. An area of accessory breast tissue is commonly
seen in the axillary tail, or occasionally in the inframammary fold.
An accessory nipple may occur at any site along the nipple line.
Congenital absence or hyperplasia of the pectoralis muscle may
occur and is seen in Poland's syndrome (Fig. 46.6).

The dense breast
Diffuse increase in the density of the breast tissue is caused by
oedema (see the `Oedematous breast' below) or by an increase in
the glandular tissue and/or fibrous tissue. This is commonly seen in
benign breast change, and may be accompanied by evidence of
cysts, and in women who are taking hormone replacement therapy
(HRT) for menopausal symptoms. The increased density of the
parenchyma seen as a result of HRT has been shown to be associ-
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ated with a decrease in the sensitivity of screening mammography
for cancer detection. Diffuse increase in parenchymal density is
also occasionally seen due to loss of fat due to severe weight loss or
cachexia, or lack of fat due to lipodystrophy.

I ndications for breast ultrasound
The original role of breast sonography is in the differentiation of
cystic and solid lesions. Though this is still a major role, the role of
ultrasound complements both clinical examination and mammo-
graphy. It is also successfully used as a 'second-look' procedure
where an abnormality has been identified using MRI or scinti-
mammography. Because it does not use ionising radiation, it is the
examination of choice in young women and is valuable in the
assessment of the mammographically `dense' breast. Ultrasound
plays an important role in the triple assessment of symptomatic
lesions. Being the only `real-time' imaging modality also means it

Technique
High-quality images of the normal and abnormal breast can be
obtained with modern ultrasound equipment. At the minimum, a
7.5 MHz linear array probe should be used, though digital broad-
band-width transducers using higher frequency (mid-range exceed-
i ng 7.5 MHz) are now widely available and allow higher resolution
i maging. The patient is examined in the supine oblique position.
The side being examined is raised and the arm placed above the
head to ensure that the breast tissue is evenly distributed over the

chest wall. In addition to conventional orthogonal scanning direc-
tions, scanning in the radial and antiradial planes are of value in
demonstrating ductal abnormalities.



MalignantBenign

Shape

Alignment

Margins

Echotexture

Homogeneity of internal echoes

Lateral shadowing

Posterior effect

Other signs

Oval/ellipsoid

Wider than deep; aligned parallel to tissue planes

Smooth/thin echogenic pseudocapsule with
2-3 gentle lobulations

Variable to intense hyperechogenicity

Uniform

Present

Minimum attenuation/posterior enhancement

Variable

Deeper than wide
I rregular or spiculated; echogenic 'halo'

Low-level
Marked hypoechogenicity

Non-uniform

Absent

Attenuation with obscured posterior margin

Calcification
Microlobulation
I ntraductal extension
I nfiltration across tissue planes and increased

echogenicity of surrounding fat

Fig. 46.7 Normal breast ultrasound: 1 = skin; 2 = subcutaneous fat;
3 = glandular tissue; 4 = retromammary fat; 5 = pectoralis muscle; 6 = rib.

fat lobules may be present. As involution takes place, more of the
breast is composed of fat: in the completely involuted breast, ultra-
sound shows fat lobules separated by line curvilinear septa of
i ncreased echogenicity. The pregnant or lactating breast is almost
entirely composed of highly echogenic glandular tissue due to the
glandular proliferation. The echotexture of any lesion is compared
relative to the echotexture of the intramanunary fat.

Cysts are typically well-defined rounded anechoic lesions with
posterior acoustic enhancement, though the presence of debris can
i ncrease the overall internal echogenicity. Wall thickening, irregu-
larity or mural nodules should he treated with suspicion and aspira-
tion should be performed. Needle biopsy should he performed if
there is a residual mass or bloody aspirate. The typical charac-
teristics of benign and malignant mass lesions are summarised in
Table 46.1. It is however important to be aware of the shortcomings
and limitations of relying purely on morphological appearances.
The presence of posterior acoustic enhancement and well-defined
margins that occurs with benign masses such as fibroadenomas

Mammography

• Screening asymptomatic women aged 50 years and over
• Screening asymptomatic women aged 35 years and over who have a

high risk of developing breast cancer:
-women who have one or more first degree relatives who have been

diagnosed with premenopausal breast cancer
-women with histologic risk factors found at previous surgery, e.g.

atypical ductal hyperplasia
• Investigation of symptomatic women aged 35 years and over with a

breast lump or other clinical evidence of breast cancer
• Surveillance of the breast following local excision of breast carcinoma
• Evaluation of a breast lump in women following augmentation

mammoplasty
• Investigation of a suspicious breast lump in a man

Breast ultrasound
• Symptomatic breast lumps in women aged less than 35 years
• Breast lump developing during pregnancy or lactation
• Assessment of mammographic abnormality (± further mammographic

views)
• Assessment of MRI or scintimammography detected lesions
• Clinical breast mass with negative mammograms
• Breast inflammation
• The augmented breast (together with MRI)
• Breast lump in a male (together with mammography)
• Guidance of needle biopsy or localisation
• Follow-up of breast cancer treated with adjuvant chemotherapy

can he used to accurately localise or biopsy breast lesions. The
main indications arc summarised in Box 46.2.

Ultrasound interpretation
The subcutaneous fat layer is demonstrated superficially as hypo-
echoic tissue compared to the glandular tissue from which it is
separated by a well-defined scalloped margin (Fig. 46.7). Normal
ducts are often visible, particularly in the subareolar region, as ane-
choic tubular structures. Deep to the glandular tissue, a retro-
mammary fat layer is usually visible and, behind this, the structures
of the chest wall. The ultrasound appearance of breast tissue
depends on how much involution of the glandular tissue has taken

place. The young glandular breast contains a well-defined layer of
glandular tissue, within which round or oval well-defined echo-poor
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Fig. 46.8 (A). A typical fibroadenoma with homogeneous internal echoes with an ovoid shape and circumscribed margins. There is posterior acoustic
enhancement. (B,C) Examples of malignant breast masses with 'benign' ultrasound characteristics. The medullary carcinoma in B has a smooth well-
defined margin and is 'wider that tall'. The grade 3 invasive ductal carcinoma in C has marked posterior acoustic enhancement; however its margins are
i rregular and microlobulated. (D) A typical 'tall' irregular spiculated hypoechoic attenuating mass in keeping with a malignant breast tumour. (E,F) Two

examples of fat necrosis mimicking malignant lesions. The case in E shows two hypoechoic areas with irregular outlines. The case in F shows a 'tall' hypo-
echoic lesion with posterior acoustic shadowing. (G) An invasive lobular carcinoma presenting as areas of scattered indeterminate attenuation. There is also
increased hyperechogenicity of intramammary fat on the right side. (H) Inflammatory breast cancer with secondary signs. Note the loss of the normal glan-
dular adipose differentiation due to increased hyperechogenicity of the intramammary fat. Lymphatic dilation is also apparent under the thickened subcu-
taneous layer. (I) A power Doppler image of an invasive grade 3 breast cancer. Note the high density of irregular tortuous and branching vessels
penetrating into the centre of the tumour.

(Fig. 46.8A) is also associated with high-grade malignancy as well malignant differentiation of solid masses. In general, malignant

as mucinous or medullary carcinoma (Fig. 46.8B). Conversely, masses tend to show an increased number of vessels that pene-

hypoechoic attenuating lesions with irregular margins typical of trate deep into the tumour with a branching morphology

malignant disease (Fig. 46.8D) can also be demonstrated in benign (Fig. 46.81).

pathology such as fat necrosis, scarring or fibrosis (Fig. 46.8F). In
practice, needle biopsy should be performed as part of triple Applications
assessment in the presence of a discrete solid mass. Not all breast The use of ultrasound to assess symptomatic lumps has already been

pathology presents as a discrete lesion. Inflammatory or lobular discussed. In the absence of a suspicious clinical lesion, a negative

cancers may present as areas of scattered indeterminate attenuation ultrasound and mammographic examination has a very high negative

(Fig. 46.8G). There may be other associated secondary signs such predictive value for malignant disease. Though ultrasound is suc-

as increased hyperechogenicity of the intramammary fat, lymphatic cessfully used to aid assessment of abnormalities detected by main-

dilatation or skin thickening (Fig. 46.8H). The use of colour and mography, it should not he used as a sole modality for screening as

power Doppler has also been exploited in aiding the benign- ultrasound does not always detect cancers that are visualised mam-



Fig. 46.9 (A) This image shows a focus of high signal corresponding to a
fleck of microcalcification lying within an irregular hypoechoic mass with
i ntraductal dilation. (B) The corresponding power Doppler image demon-
strates associated neoangiogenesis. This corresponded to a small focus of
i nvasive carcinoma lying within an area of high-grade ductal carcinoma in
situ.

the surrounding breast tissue with straightening of the trabeculac due
to retraction. This distortion may cause localised loss of the normal
curvilinear outline of the anterior or posterior borders of the glandu-
lar tissue close to the tumour resulting in a `V' shape, the `tent' sign.
Large or superficially positioned tumours may be associated with
localised skin thickening and retraction. Deeply positioned tumours
may be associated with tethering of the pectoralis muscle. Irregular
microcalcifications due to associated ductal carcinoma in situ may
be found within the tumour or in the surrounding breast tissue,

A spiculate mass is the commonest mammographic appearance of sometimes extending to the nipple. Observation of the extent of the
invasive breast carcinoma. It consists of a central soft-tissue tumour microcalcification is important because this may influence the type
mass from the surface of which spicules extend into the surrounding of surgery performed. Coarse calcifications may be associated with
breast tissue (Figs 46.10, 46.11). The larger the tumour mass, the l arge tumours due to necrosis.
longer the spicules tend to be. There is often associated distortion of Masses in adipose breasts are easy to detect because of the high

contrast between the mass and the surrounding tissue. In more dense
glandular breasts, however, abnormal masses can be more difficult
to perceive because they may be partially obscured by glandular
tissue. It is very important, therefore, to look carefully for indirect
signs of malignancy, particularly parenchymal distortion, retraction
and straightening of the breast trabeculae.

Differential diagnosis and management
Differential diagnosis

• Invasive carcinoma
• Non-invasive carcinoma
• Complex sclerosing lesion/radial scar
• Surgical scar
• Fibromatosis
• Granular cell tumour.

Approximately 95% of spiculate masses seen on mammography are
due to invasive breast cancers. Complex sclerosing lesions may
show an identical appearance to a small spiculate carcinoma
(Fig. 46.12). Diagnosis of most malignant lesions can be confirmed
preoperatively by fine needle aspiration cytology (FNAC) or core
biopsy (CB), and definitive surgical treatment can be planned. In

Mammograms should be viewed in optimum lighting conditions,
with light from around the films and extraneous light in the viewing
room excluded as far as possible. The films should be checked for
correct identification labelling and for radiographic quality. The
overall parenchymal pattern of the breasts is assessed. The standard
lateral oblique and craniocaudal views are studied with the right
and left breast films `back to back' so that symmetry of the breast
tissue can be examined. A systematic search for abnormal mammo-
graphic signs is made and any abnormal signs are analysed to
decide, for screening examinations, whether the woman should be
recalled for assessment, and, for symptomatic/assessment examina-
tions, what the nature of the abnormality is and whether further
views or other tests are indicated.

mographically. Conversely, used in conjunction with mammography,
ultrasound can detect clinically and mammographically occult
cancers particularly when there is a higher possibility of cancer (for
instance in women who have already been diagnosed as having
cancer). With new high-frequency transducers, it is also possible to
detect malignancy associated with mammographically detected clus-
tered microcalcifications especially where the clusters are larger than

1 0 nun. These lesions may be evident as irregular masses, abnormal
dilated ducts or clustered foci of increased echogenicity with
i ncreased Doppler vascularity (Fig. 46.9).
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Fig. 46.12 A spiculate mass with microcalcification due to a complex
sderosing lesion/radial scar (magnification view))

acoustic shadowing (Fig. 46.13). Distortion of the surrounding
those cases where cytology or core biopsy does not confirm the breast tissue may be visible and a rim of increased reflectivity
diagnosis, a diagnostic surgical excision should be performed with around the tumour mass may be seen. The presence of these signs,
radiological preoperative localisation and operative specimen radi- however, is variable: acoustic shadowing may be absent; an
ography for non-palpable lesions. echo-poor mass may not he visible with very small tumours.

Most spiculate carcinomas of I cm diameter or more can be Similar suspicious ultrasound appearances may be caused by a
demonstrated by ultrasound. The typical ultrasound features are of sclerosing fibroadenoma or benign complex sclerosing lesion
an echo-poor mass, with poorly defined margins and posterior (radial scar).

Fig. 46.13 Ultrasound showing an echo-poor mass with irregular
margins and posterior acoustic shadowing due to a carcinoma.

Fig. 46.11 Spiculate mass (arrow) due to an invasive carcinoma on: (A) lateral view; (B) l ocalised compression magnification view.



Fig. 46.16 (A) Stellate appearance (arrows) due to summation of overlying stromal shadows. (B)
Repeat film shows that no lesion is present.

Fig. 46.17 Stellate opacity due to a surgical
scar.

Fig. 46.15 Magnification localised compression view showing an archi-
tectural distortion (stellate lesion) due to a benign complex sclerosing
l esion/radial scar.

Ultrasound may be used to guide diagnostic needle biopsy
or preoperative needle/hookwire insertion for non-palpable
l esions.

Fibrornatosis (Fig. 46.14) is a rare condition which has the same
histology characteristics as abdominal desmoid tumours. It may be
l ocally invasive but does not metastasise. Local recurrence may
occur if surgical excision is incomplete. The mammographic
appearance mimics carcinoma.
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An area of architectural distortion of the breast is seen mammo-
graphically as numerous straight lines usually measuring from I to
4 cm in length radiating toward a central area (Fig. 46.15). The
central part of the lesion typically shows no central soft-tissue mass
either on standard or localised compression views. A mammo-
graphic work-up including repeat standard views and, where neces-
sary, localised compression views should be performed to confirm
that a stellate lesion is present rather than a density with apparent
architectural distortion caused by summation of normal overlying
stromal shadows (Fig. 46.16), and to look for associated signs such
as microcalcification.

Surgical scar (Fig. 46.17) can be diagnosed from the appropriate
clinical history and physical examination showing that the position
of the scar corresponds to the position of the stellate lesion, if
necessary by carrying out mammograms with skin markers on the
scar. Surgical scars, because they are discoid in shape, will often
show a difference in size and shape on orthogonal views.

Complex sclerosing lesion ( CSL) (synonyms: radial scar, infiltrat-
i ng epitheliosis) is characterised histologically by a fibroelastic centre
surrounded by ducts and lobules arranged in a radiating fashion.
Areas of simple or atypical ductal hyperplasia are often found in the
periphery of CSLs. The radiological features of these lesions reflect
the underlying histological architecture. Microcalcifications may be
found, usually in association with the areas of epithelial hyperplasia.

Having excluded surgical scars, 50-60% of architectural distor-
tions are due to carcinoma (Figs 46.18, 46.19), often of special
type, e.g. tubular, tubulo-lobular. It is not possible using mammo-
graphic features alone to distinguish those due to carcinoma from

Fig. 46.19 Stellate lesion with microcalcification due to a Grade 1 inva-
sive ductal carcinoma. (A) Magnification view. (B) Specimen radiograph.

those due to benign complex sclerosing lesions/radial scars,
although radiological and clinical features may indicate which is
the most likely diagnosis. Spicule length is related to the size of
the tumour in cancers but the spicules tend to be long with no
central mass in CSLs. A benign CSL is usually not associated with
a palpable mass even though the mammographic abnormality may
be 4-5 cm in diameter. Both benign and malignant causes of
architectural distortion may he associated with microcalcification,Fig. 46.18 Stellate lesion due to an invasive tubular carcinoma.



• Adenolipoma/hamartoma
• Galactocele
• Hacmatoma
• Lymph node.

Adenolipomas are often large when diagnosed, measuring 6 cm in
diameter or more, but are either impalpable or feel soft on clinical
examination. Their mammographic appearance is determined by
the relative amounts of fat and glandular tissue which are present
( Fig. 46.24). There may be a thin soft-tissue density capsule visible.

Galactoceles are more frequently seen as mixed density lesions
than radiolucent lesions (Fig. 46.25). They may be managed by
si mple needle aspiration but in some cases this is difficult due to the
thick consistency of the contents.

Differential diagnosis

• Lipoma
• Oil cyst
• Galactocele.

Lipomas are solitary lesions, often have a thin capsule and,
although they are frequently large at the time of diagnosis, may he
difficult to palpate on clinical examination because they are soft

(Fig. 46.22).
Oil c asts may be single or multiple, are usually 2-3 cm in diam-

eter, and result from trauma which is usually surgical but they may
be seen following seat-belt injuries in automobile accidents
( Fig. 46.23). Oil cysts may develop mural curvilinear calcifications.

Galac toceles develop during lactation and are usually 2-3 cm in
diameter.

A circumscribed mass is analysed according to the following
features:

I. Density:
(i) radiolucent
(ii) mixed density
(iii) radiopaque (soft-tissue density)

2. Contour:
(i) sharply outlined

capsule
- `halo' sign

(ii) ill-defined outline
3. Interval change
4. Number:

(i) single
(ii) multiple.

Asymmetry of the glandular tissue is a common finding on normal
mammograms and can often be diagnosed confidently-analysis of
the radiological features of the asymmetry shows areas of low soft-
tissue density, lucency and curvilinear margins with no evidence of
straightened breast trabeculae or distortion. Diagnostic difficulty
may occur because some carcinomas, particularly small tumours
found in screening practice, may not show typical features of

malignancy such as an irregular or spiculate outline. These tumours
may appear on basic screening films as asymmetrical soft-tissue
opacities (Fig. 46.20).

The site of an asymmetrical density may be helpful both in
detecting some small tumours and in deciding whether further
work-up is necessary. The following review areas should be sys-
temically examined.

• A 3-4 cm wide area anterior to the edge of the pectoralis muscle
on the lateral oblique view (Fig. 46.21).

• The retroglandular clear space between the posterior margin of
the parenchyma and the chest wall on both the lateral oblique
and craniocaudal projections.

• The medial half of the breast on the craniocaudal views.
• The retroareolar area-perception of carcinomas in this site may

be difficult because of superimposition of ductal structures and
stroma.

• The inferior part of the breast.

either within or near the periphery of the lesion. Ultrasound is not
helpful in the differential diagnosis of benign CSL from carci-
noma. CSLs may show a variety of ultrasound features including
shadowing alone, a mass with shadowing, parenchymal distortion
or no abnormality.

Localised areas of architectural distortion, with the exception of
those due to Surgical scars, require a histological diagnosis. This may
be obtained by image-guided needle core biopsy or diagnostic surgical
excision. In most malignant cases a positive diagnosis will be obtained
using core biopsy allowing planning of definitive surgery. For cases in
which a benign core biopsy is obtained, diagnostic surgical excision
with radiological localisation is recommended because of the risk of
i nvasive or in situ malignancy at the periphery of the lesion.

Asymmetrical soft-tissue densities observed in these areas should
be carefully analysed including, when possible, a comparison with
previous films. Where the features are not typical of normal glandu-
lar tissue, further assessment should be carried out using clinical
examination, mammography and ultrasound.
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Fig. 46.23 Oil cyst. A round radiolucent lesion is
present at the site of a previous surgical excision; clini-
cally a firm lump was present.

Fig. 46.22 Lipoma-large circumscribed
radiolucent mass with a thin capsule
(arrows) and coarse calcification.

Fig. 46.21 A small soft-tissue density
with irregular margins due to a carci-
noma is present just anterior to the left
pectoralis muscle (arrow).

Fig. 46.25 Galactocele. A circumscribed mixed density lesion with a
capsule (arrows).

Following trauma, mammograms may demonstrate an ill-
defined or circumscribed area of increased density due to
hnenratotna.

Normal axillary lymph nodes are commonly seen on mammo-
grants and are well defined, have a peripheral area of soft-tissue
density and a central radiolucent area. Intramammary lymph nodes
most commonly occur in the upper outer quadrant and show the
same features.

Fig. 46.24 Adenolipoma. A large circumscribed mixed density mass is
present (arrows). Clinically only a soft swelling was present.



Fig. 46.27 I ntracystic carcinoma in a male presenting with a mass.
(A) The mammogram shows a circumscribed soft-tissue-density mass.
(B) Ultrasound shows a lobulated intracystic mass (arrow) with calcification.
Histology-non-invasive carcinoma.

Fig. 46.26 Simple cysts. (A) Multiple circumscribed low soft-tissue
density lesions are seen in both breasts. (B) Ultrasound shows the typical
features of a simple cyst-a well-defined anechoic lesion with posterior
acoustic accentuation.

The contour of circumscribed soft-tissue density lesions should he
carefully analysed, if necessary using localised compression and
magnification techniques.

The density should also be analysed according to whether normal
breast structures superimposed on the lesion are visible (low soft-
tissue density) or not (high soft-tissue density). Ultrasound is par-
ticularly helpful in differentiating cysts from solid lesions and can
show the presence of an intracystic tumour.

I n practice, the commonest cause of a circumscribed mass arising
in a woman aged 40 years or more is a simple cyst (Fig. 46.26).
Cysts appear on mammography as sharply outlined (sometimes
with a thin, radiolucent `halo'), low soft-tissue density lesions,
measuring most commonly 1-3 cm in diameter although they are
occasionally much larger and are often multiple and bilateral. The
diagnosis is confirmed by ultrasound, which demonstrates a round
or oval echo-free lesion with smooth, well-defined walls. If the cyst
i s symptomatic, it can be treated by needle aspiration of the con-
tents. Pneumoc.vstographv can be performed at the time of aspira-
tion and has been used to decrease the rate of recurrence.

Between I and 2% of cysts will he found to contain an intracystic
tumour on ultrasound (Fig. 46.27). The tumour may be benign or
malignant. Diagnostic needle aspiration and/or core biopsy should
be performed and surgical excision considered. Internal echoes
within a cyst may be due to turbid cyst contents or haemorrhage.
Diagnostic needle aspiration should he performed and intracystic
carcinoma suspected if a blood-stained aspirate is obtained (Fig.
46.28). It may be difficult to distinguish between a small echogenic
cyst and a solid lesion. If the mammographic or ultrasound features
are suspicious, diagnostic needle biopsy should he performed.

hibroadenomos are characteristically sharply outlined. low soft-
tissue density lesions, sometimes with a lobulated outline; they are
usually solitary but may he multiple (Fig. 46.29). With increasing
age, they may undergo calcification which is typically coarse in
appearance (Fig. 46.30) and eventually an area of dense calcification
with little evidence of a soft-tissue mass may be the only sign that
remains mammographically. A circumscribed soft-tissue lesion with
coarse calcification therefore presents no diagnostic problem.
Fibroadenomas can, however, show very fine calcifications with
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Maligrumt lesions
Mucinous carcinoma
Medullary carcinoma
Papillary carcinoma
Invasive ductal carcinoma
DCIS-intracystic carcinoma
Metastasis

• melanoma
• l ung
• ovary

Lymphoma
Sarcoma
Pathological lymph node

• breast cancer
• Phyllodes tumour
• lymphoma
• metastasis

Recurrent breast cancer

Differential diagnosis
Benign lesions
Cyst
Fibroadenoma
Papilloma
Phyllodes tumour
Abscess
Lymph node

• rheumatoid arthritis
• sarcoidosis

Sebaceous cyst



Fig. 46.30 Fibroadenomas. (A) First screening mammogram. (B) Second
round screening mammogram. Two circumscribed lobulated masses are
present. The superior lesion shows progressive coarse calcification.

Papillomas are less common than fibroadenomas but show similar
characteristics. They may be single or multiple and are frequently
found in the anterior third of the breast. They often develop coarse
calcification.

Phyllodes tumour is a fibroepithelial tumour which is usually
l arge when diagnosed. Most phyllodes tumours arc benign but they
may recur locally if not completely excised: rarely they may metas-
tasise to the lungs or pleura. The typical mammographic appear-
ance is a large, lobulated high soft-tissue density lesion with a
moderately well-defined outline (Fig. 46.32). Phyllodes tumours
may develop plaque-like calcifications.

Circumscribed malignant lesions are most commonly medullary,
mutinous (Fig. 46.33), papillary or intracystic carcinomas
(Fig. 46.34), rarely invasive ductal carcinoma (Fig. 46.35), or
sarcoma (Fig. 46.36). Medullarv carcinomas may grow rapidly and

some pleomorphism which can raise the suspicion of malignancy.
Magnification views may be helpful by demonstrating calcifications
of similar density and a sharply defined soft-tissue mass. Fibro-
adenomas do not arise de novo in women aged 40 years or more but
may grow in menopausal women who are taking HRT (Fig. 46.31).
The typical ultrasound appearance of a fibroadenoma is a well-
circumscribed round or oval mass showing posterior acoustic
enhancement and with a homogeneous internal echo pattern,
usually of low reflectivity compared to the surrounding breast
tissue. However, the appearances are variable: posterior acoustic
shadowing and a heterogeneous internal echo pattern are frequent
findings with or without associated calcification. The ultrasound
findings alone therefore cannot be used to confirm the diagnosis of a
circumscribed solid lesion found on mammography.

Fig. 46.28 I ntracystic carcinoma. (A) The mammogram shows a circum-
scribed soft-tissue mass. (B) Ultrasound shows internal echoes within a cyst.
Needle aspiration-blood-stained fluid containing malignant cells.
Histology-non-invasive carcinoma.

Fig. 46.29 Fibroadenoma. (A) Mammogram-a circumscribed soft-
tissue-density lesion. (B) Ultrasound-a circumscribed solid low reflectivity
mass with posterior acoustic shadowing. A focus of calcification is seen.
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Fig. 46.31 Fibroadenoma. Growth
while on hormone replacement
therapy. (A) First screening mam-
mogram. (B) Second round screen-
i ng mammogram.

Fig. 46.32 Phyllodes tumour-mammogram. A circumscribed soft-tissue
mass with a lobulated outline.

most occur in women less than 50 years old. Mucinous and papil-
lary carcinomas have a favourable prognosis and most occur in
women over 50 years. The outline of these lesions is usually less
sharply defined than benign circumscribed masses and malignant
lesions are typically of high soft-tissue density. Magnification and

localised compression views are of great value in analysis of the
margin of the lesion.

Metastases to the breast are unusual and may be single or multiple.
They are well defined on mammography; the commonest primary
sites are melanoma, lung and ovary. Lymphoma deposits in the
breast may show the same features.

Fig. 46.33 Mutinous carcinoma and invasive ductal carcinoma. (A)
Mammogram shows a poorly defined spiculate mass: (1) due to invasive
ductal carcinoma and a circumscribed soft-tissue mass; (2) due to a muci-
nous carcinoma. (B) Ultrasound shows a typical low reflectivity mass: (1)
due to invasive ductal carcinoma, and a circumscribed mass with posterior
acoustic accentuation due to the mutinous carcinoma (2).

purpose of preoperative needle biopsy is to confirm the diagnosis of
malignancy so that definitive treatment can he planned.

Circumscribed solid masses considered on imaging and clinical
evaluation to be probably benign are likely to be fibroadenomas or
papillomas. In many of these cases, the diagnosis can be confirmed
by needle biopsy and the patient spared diagnostic surgery. Core
biopsy is more likely to be diagnostic because of the hypocellular

nature of fibroadenomas in the older age group.
If a diagnosis is not obtained by needle biopsy on a lesion con-

sidered to have suspicious imaging findings, diagnostic surgical

The imaging work-up and analysis of the signs enables lesions to he
categorised according to the probability of a benign or malignant
diagnosis. Lesions which are considered moderately or highly
suspicious for malignancy should be considered for surgery; the
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Fig. 46.36 Sarcoma. A round soft-tissue mass with homogeneous inter-
nal echoes and normal glandular tissue anteriorly.

excision is indicated. For lesions which have benign imaging fea-
tures, repeat imaging-guided core needle biopsy may be considered
as an alternative to surgical biopsy.

Ultrasound is used if imaging is required for investigation of a breast
l ump in this age group. The commonest cause of a lump is a fibro-
adenoma; this appears as a well-defined mass with a homogeneous
i nternal echo pattern and posterior acoustic accentuation.
Fihroadenomas may he single or multiple and show an internal echo
pattern which is characteristically of lower reflectivity than
surrounding glandular tissue (Fig. 46.37). FNAC or core biopsy
should be performed in such lesions in women aged 25 and over to
confirm the diagnosis. Fibroadenomas occasionally undergo rapid
growth in teenagers and may appear to occupy the whole breast-
giant Fbroadenoma' (Fig. 46.38). Ultrasound, however, demonstrates

normal compressed glandular tissue surrounding the mass. If there arc
atypical ultrasound or clinical features, solid lesions should be further
i nvestigated and mammography may be helpful in making a diagno-
sis. Imaging findings should he taken together with clinical features
and results of needle biopsy when deciding on management. Cysts are
rarely found in women aged less than 30 years.

Fig. 46.35 I nvasive ductal carcinoma. (A) Mammogram -a circum- Pathological lymph nodes in the axilla are recognised because ofscribed retroareolar mass with poorly defined posterior margins.
(B) Ultrasound-a circumscribed mass with a homogeneous internal echo l oss of the central fatty tissue and enlargement. Enlarged axillary
pattern and through transmission of sound. l ymph nodes may be due to benign conditions such as rheumatoid

Fig. 46.34 Non-invasive intracystic carcinoma. Mammogram-
magnified localised compression views shows a circumscribed mass with
i rregular microcalcification.
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arthritis (Fig. 46.39), sarcoidosis and infection, e.g. tuberculosis, or
malignant conditions such as leukaemia (Fig. 46.40), lymphoma,
metastases from the breast or, rarely, another primary site such as
ovary (Fig. 46.41). Pathological lymph nodes from breast cancer or
ovarian cancer may contain irregular microcalcifications. Coarse
calcification is seen in nodes previously affected by tuberculosis.
Fine, punctate calcification may be seen in nodes to sarcoidosis.
This appearance may be mimicked in patients who have been on
T ong-term gold therapy for rheumatoid arthritis who may develop
fine, dense gold deposits.

Mammograms may show single or multiple soft-tissue opacities due
to skin lesions such as sebaceous cyst, wart, neurofibromatosis
(Fig. 46.42) or keloid scar (Fig. 46.43). The diagnosis should be
clear from the clinical details. The mammographic opacity is usually
very well defined because it is outlined by air.

Mammographically detected microcalcification is the sole radio-
logical abnormality in up to 25% of screening-detected carcinomas.
Microcalcification, however, has also led to many open surgical
excision biopsies for benign breast change. Combined assessment
of microcalcifications with high-quality magnification mammogra-
phy and mammographically guided needle biopsy, together with a
thorough understanding of the histological changes associated with

Fig. 46.37 Fibroadenoma-an oval well-defined low reflectivity lesion
with posterior acoustic accentuation.

Fig. 46.38 Giant fibroade-
noma. Ultrasound shows a
well-defined mass with a
homogeneous internal echo
pattern and normal glandular
tissue anteriorly.



Fig. 46.45 Ductal carcinoma in situ-comedo type. Transverse section
through a duct showing central necrosis and calcification. (Courtesy of
Dr S. Humphreys.)

Ductal calcifications
1. Ductal carcinoma in situ (DCIS) Ductal carcinoma in situ is
a malignant transformation of the epithelial cells lining the ducts
which may extend into the lobules and in which the proliferating
cells are confined by an intact basement membrane. DCIS sub-
types can be classified according to cytological and histological
characteristics and these features determine the mammographic
appearances.

The histological appearance of DCIS is defined by:

• (i) Nuclear grade: high; intermediate; low.
• (ii) Growth pattern: solid; micropapillary; cribriform.
• (iii) Presence or absence of necrosis.

Predominantly high nuclear grade DCIS is associated with poly-
morphic nuclei, solid or micropapillary growth pattern, and necrosis.
Calcification of the necrotic material within the duct occurs
(Figs 46.44, 46.45). On mammography, this typically appears as
linear, fragmented, branching, irregular and `casting type' calci-
fications (Fig. 46.46). It is often distributed extensively within a
l obe, or may be confined to a small area. This type of DCIS is often
called 'comedo type' because when the tissue is examined macro-
scopically, necrotic material can often be squeezed out of the ducts.

Intermediate/low nuclear grade DCIS is characterised by
monomorphic nuclei, a solid growth pattern and necrosis. The
calcifications appear as single or multiple clusters of coarse, granular
type or polymorphic particles like fragments of crushed stone or
broken needle tips (Figs 46.47, 46.48). The differential diagnosis
for this type of microcalcification is fibroadcnoma, papilloma or
focal fibrocystic change.

Predominantly low nuclear grade DCIS is associated with small
cells, micropapillary or cribriform growth pattern (Fig. 46.49), and
little necrosis. The calcifications appear as fine particles, sometimes
giving a powderish appearance, arranged in single or multiple clus-
ters (Fig. 46.50). This type may be difficult to distinguish from
lobular calcifications seen in fibrocystic change.

Less common mammographic appearances of DCIS. 70-80%

of cases of DCIS are detected by microcalcification alone. The
remainder appear mammographically as a circumscribed mass
(see `Circumscribed mass' above), an area of architectural distor-
tion or stellate lesion with or without microcalcification (see

Fig. 46.43 Keloid. A lobulated soft-tissue opacity is demonstrated overly-
ing the upper part of the breast (arrows).

microcalcification, now allow a definitive diagnosis to be made for
most women with both benign and malignant disease without
surgical biopsy.
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Fig. 46.49 Ductal carcinoma in situ. Cribriform architecture. The parti-
cles of calcification are in the small spaces within the thickened duct wall.
(Courtesy of Dr S. Humphreys.)

`Architectural distortion' above), or as a filling defect on
galactography.

2. Secretary change (plasma cell mastitis, duct ectasia)

Calcification may occur in inspissated secretions in dilated ducts
and this may be associated with a periductal inflammatory reaction.
Calcification may occur within the lumen of the duct, in the duct
wall, or may be periductal. It is characteristically distributed bilater-
ally and in the anterior third of the breast. The particles are linear or
tubular, dense, and have well-defined smooth outlines (Fig. 46.51),
which allows this type of calcification to be readily distinguished

from linear calcification due to DCIS.

Lobular calcifications
Most calcifications within the lobules are due to benign processes.
The mammographic appearance of the calcifications reflects the
histological changes that occur within the lobules (Fig. 46.52).

Fig. 46.48 Ductal carcinoma in situ. Irregular pleomorphic micro-
calcification.

Fig. 46.47 Ductal carcinoma in situ. Intermediate/low grade.
Magnification view-irregular polymorphic particles of microcalcification.

Fig. 46.46 Ductal carcinoma in situ-high-grade comedo type. (A-C) Irregular linear branching microcalcification.



Fig. 46.52 Lobular calcifications. (A) Adenosis. (B) Sclerosing adenosis. (C) Microcystic change.

I . Microcystic change (blunt duel adenosis). There is an
i ncrease both in the number of acini and their size. Calcium may be
deposited in the enlarged acini or microcysts (Fig. 46.53) and the
characteristic mammographic appearance is of multiple round,
discrete particles of similar density, 0.1-0.3 mm diameter, often
distributed widely in both breasts (Fig. 46.54). They may he
arranged in multiple rounded clusters.

2. Sclerosing adenosis. There is proliferation of the fibrous
tissue surrounding the lobules in addition to the epithelial pro-
liferation of adenosis. This causes deformity of the lobular
spaces. Thus, the calcifications which occur in the distorted lobular
spaces may show considerable pleomorphism and irregularity com-
pared to simple microcystic change (Fig. 46.55). This type of
microcalcification may he difficult to distinguish from some types
of DCIS.

3. Microc.vstic change with milk of calcium. The lobular spaces
enlarge further to form small cysts within which numerous minute
calcific particles (psanimoma bodies) are in solution. These form a

Fig. 46.51 Well-defined calcifications associated with secretory change.

Fig. 46.50 Ductal carcinoma in situ. Low-grade, cribriform architecture. (A) Multiple clusters of punctate microcalcification distributed throughout one
quadrant. (B, C) Solitary clusters of slightly pleomorphic microcalcifications.
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Fig. 46.53 Microcystic change. Calcifications in enlarged lobular spaces.

l ayer in the dependent part of the cyst due to gravity. Thus a hori-
zontal beam lateral view will demonstrate a calcium-fluid level or
meniscus (the `tea cup' sign) while a craniocaudal view will show a
round `smudge' shadow. These signs are best demonstrated using
high-quality magnification views in lateral and craniocaudal projec-
tions (Fig. 46.56).

Fig. 46.54 Microcystic change.
Multiple rounded calcifications of
si milar density.

The level of suspicion for malignancy is assessed from analysis of
the mammographic signs on magnification views. The key features
that are analysed are:

• Particle shape
• Particle density
• Cluster shape
• Distribution.

• Ductal carcinoma in situ
• Sclerosing adenosis/fibrocystic change
• Atypical ductal hyperplasia
• Simple epithelial hyperplasia
• Microcystic change
• Fibroadenoma
• Papilloma.

Fig. 46.55 Sclerosing adenosis. (A,B) Clusters of fine granular pleomorphic calcifications. (C) The calcifications are coarser and are associated with a soft-
tissue opacity.



Fig. 46.56 Milk of calcium in benign cystic change. On the craniocaudal
view the calcifications appear as round 'smudge' shadows (A). On the
lateral view the calcifications show a straight upper border, the 'tea cup'
sign (B).

The calcification particles of ductal carcinoma in situ are typically
variable in density and shape: linear, casting, branching, and irregular
shapes may be present, with variation of the density from particle to
particle. Benign calcifications are more often punctatc or round and
of similar density. The cluster shape of malignant microcalcifi-
cations is typically irregular or triangular, pointing towards the
nipple, while a cluster of benign calcifications tends to be round or
oval. Malignant microcalcification is usually distributed within a
l obe or segment of the breast, although occasionally a quadrant or
the whole breast may be involved. Benign microcalcification is
often bilateral or involves multiple quadrants.

For cases in which the mammographic signs are highly suspi-
cious for malignancy, needle biopsy (FNAC or core biopsy) is
carried out to confirm the diagnosis of malignancy so that definitive
surgery may be planned. If the needle biopsy (FNAC) is acellular or
equivocal, or core biopsy shows atypical ductal hyperplasia or other
suspicious features, either repeat needle biopsy or diagnostic surgi-
cal excision should be performed. For cases in which the mammo-
graphic signs indicate a low level of suspicion for malignancy.
needle biopsy is carried out to confirm the diagnosis. If a satisfactory
needle biopsy specimen is obtained, and the needle biopsy findings
are consistent with the mammographic features, the patient need
not undergo diagnostic surgical excision.

Arterial: curvilinear, parallel line calcifications along the course of
a blood vessel.

Skin:

• Sebaceous gland calcification-l-2 mm diameter ring-shaped
calcifications (Fig. 46.57). Tangential views may demonstrate
that they lie within the skin.

• Pseudoxanthoma clasticum-may cause multiple irregular fine
skin microcalcifications.

Fig. 46.57 Skin calcification. Multiple small ring-shaped calcifications.

Papilloina: coarse or fine, irregular calcifications associated with a
lobulated soft-tissue opacity.

Fat necrosis:

• Liponecrosis macrocystica coarse, curvilinear calcification
associated with radiolucent centre: usually following surgery
(Fig. 46.58).

• Liponecrosis microcystica-l-4 mm diameter round
calcifications with a radiolucent centre.

Fibroadenoma: coarse `popcorn' type calcification associated with
a soft-tissue mass. Less commonly the calcifications may he fine,
i rregular or curvilinear `eggshell' type related to the periphery of
the lesion (Fig. 46.59).

Cyst: curvilinear calcification may occur in the wall of a cyst
(Fig. 46.60).

Calcified suture material: dense, curvilinear.

Cavernous haemangioma: coarse and punctate calcifications within
a lobulated soft-tissue mass.
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Fig. 46.61 Renal failure. Extensive stromal and vascular calcification.

Postsurgical scar: punctate and coarse stromal calcifications associ-
ated with a scar.

Renal failure: extensive stromal calcification may occur (Fig. 46.61).

Breast augmentation:

• Silicone implant-eggshell type calcification, may occur on the
surface of the implant.

• Direct silicone injection may result in extensive fibrosis and
calcifications (see `Breast augmentation' below).

Parasites: filariasis may cause single or multiple curvilinear or
` coiled' calcifications due to calcium deposition around the dead
parasites (Fig. 46.62).

The mammographic features are:

• Thickened skin initially affecting mainly the lower part of the
breast

• Diffuse increased density
• Coarse trabecular pattern
• Enlargement of the breast.

The causes of an oedematous breast are:

l. Primary breast carcinoma. An oedematous breast may be
caused either by an advanced primary tumour, lymphatic spread
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The indications for mane nography and breast ultrasound arc shown
i n Box 46.2. In women with symptomatic breast disease, imaging is
most effectively used if' the clinical findings are fully taken into
account. This is particularly important because, although mammog-
raphy is the most sensitive examination available for detecting
small breast carcinomas, the false-negative rate for mammography
i n the detection of symptomatic breast carcinoma is 5-10%. A
delay in the diagnosis of symptomatic breast carcinomas with nega-
tive mammograms can he avoided if radiologists ensure that their
clinical colleagues who arc referring women for mammography are
fully aware of the false-negative rate and will therefore continue the
i nvestigation of patients with suspicious clinical findings.

The correct diagnosis in both symptomatic women and in women
with screening-detected abnormalities is most likely to he achieved
by adopting a combined multidisciplinary approach to investigation
and assessment using information from:

• Clinical history and examination
• I magin - mammography, ultrasound
• Needle biopsy-FNAC or core biopsy.

The combination of imaging investigations used (standard views,
localised compression views, magnification views, ultrasound)
should be chosen according to the clinical findings and age of
patient (Figs 46.64, 46.65). Supplementary mammographic views
are obtained if indicated from the findings on standard views.

The aim of the imaging investigations is to assess the probability
of a lesion being benign or malignant. Terms indicating the level of
suspicion are:

• Normal
• Benign
• Probably benign
• Malignant
• Suspicious.

Departments offering a breast diagnostic service should have a
clearly defined protocol for deciding on further investigations (e.g.
FNAC, core biopsy) and management of breast lesions based on
both clinical and imaging findings.

Fig. 46.63 Oedematous right breast due to right heart failure.

from a primary tumour or inflammatory carcinoma. Diffuse
i nvolvement by high nuclear grade comedo carcinoma may cause
extensive irregular microcalcifications.

2. Axillar.v lymph node metastases secondary to a carcinoma of
the contralateral breast.

3. Breast abscess.
4. Congestive cardiac fuihire and renal failure may cause

either unilateral or bilateral oedematous breast (Fig. 46.63).
5. Avillarv bumph node metastases from advanced gynaeco-

l ogical malignancy, e.g. ovarian carcinoma, cervical carcinoma.
6. Radiotherapy. The features of oedema develop progressively

following radiotherapy treatment, reach a maximum at about
6 months, and have resolved approximately 18 months following
treatment.

Fig. 46.64 Ultrasound of a 48-year-old woman with a palpable left
breast mass. The mammogram did not demonstrate a mass. Ultrasound
shows a solid mass. FNAC - malignant cells. Final diagnosis - invasive breast
carcinoma.



Fig. 46.65 Localised compression magnification view of a 56-year-old
woman with a palpable left subareolar mass. The standard views showed
no subareolar abnormality. The localised compression view, however, shows
a spiculate mass (arrows) due to an invasive carcinoma.

Since early studies first demonstrated that MRI was exceptionally
sensitive in the detection of breast cancer, there has been a huge
volume of research into the use of MRI in the evaluation of breast
disease. This has been made possible through the development
of high-resolution surface coils, fast imaging sequences and soft-
ware capable of handling large volumes of data in a suitable
timcscale.

Fig. 46.66 Breast MRI: time-signal intensity curves following IV contrast.
I n type I, enhancement continues through the duration of the study. In
type II, there is a plateau, whereas in type III, signal intensity diminishes
(washout).

depends on the clinical question to be addressed. Image analysis is
facilitated by fat suppression, but if uniform fat suppression is not
possible, computer-generated fat-subtracted images should be
routinely obtained. Time-signal intensity curves should he gener-
ated for any areas of enhancement (Fig. 46.66). In patients with
breast implants, a combination of TI- and T2-weighted spin-echo
sequences in orthogonal planes are supplemented by a combination
of sequences with water or fat suppression, or 'silicon-selective'
sequences can be used to increase the conspicuity of ext• a capsular
silicon. This can be followed by a standard dynamic contrast-
enhanced sequence as indicated. Image evaluation should include
assessment of the distribution, degree and rapidity of any enhance-
ment together with evaluation of the morphology of any masses.

particularly shape, border characteristics, homogeneity, the pres-
ence of septations and rim enhancement.

The requirement for high-resolution scans (in-plane resolution of
I mm or less) with an adequate signal-to-noise and contrast-to-
noise ratio necessitates the use of high-quality dedicated surface
coils, preferably capable of imaging both breasts. The patient is
positioned prone with the breasts pendent in the 'cups' of the coil,
with judicious padding to minimise patient motion and transmitted

vibration. Since intrinsic contrast between normal and abnormal
breast parenchyma is low on standard spin-echo sequences, coil- Normal glandular parenchyma has intermediate signal intensity on

trast-enhanced TI-weighted gradient-echo sequences are essential. TI- and T2-weighted sequences, whereas fat is of high signal. The

Prior to positioning in the breast coil, a 20 or 22 gauge cannula is fibrous trabeculae are readily appreciated as fine low-signal-

placed in an antecubital vein. This is attached to a long connecting intensity structures traversing the subcutaneous fat. Low axillary
tube primed with gadolinium-DPTA (0.1-0.2 mmol/kg). A 20 ml and intramammary lymph nodes can he recognised through their
normal saline flush is attached to this via a three-way tap, enabling characteristic bean shape and central fatty hilum. The skin is of
a fast bolus injection of contrast, preferably with an injector pump. intermediate signal and uniformly thin except in the areolar region,
without disturbing the patient. where it may approach a few millimetres in thickness. After intra-

The standard sequence is a TI-weighted 2D or 3D gradient-echo venous gadolinium, the nipple, blood vessels and lymph nodes nor-

sequence (FLASH or FSPGR), before and after dynamic injection mally enhance. The glandular parenchyma can also enhance

of contrast material (supplemented by T2-weighted spin-echo gradually especially in the second half of the menstrual cycle,

sequences as necessary). 3D sequences allow coverage of both reflecting normal hormonal-induced glandular proliferation. This

breasts in their entirety in under 90 seconds if a coronal plane is enhancement is often diffuse and rather patchy. The appearance of

used, so that five postcontrast scans can be acquired in under an implant depends upon the nature of the contents and whether it
8 minutes. Volume acquisitions enable re-formatting in other planes i s a single- or double-lumen implant. Saline and silicon are high
and maximum-intensity projections. 2D sequences allow repeated signal on T2-weighted sequences but silicon is higher signal than
i nterrogation of a limited area of one breast in a few seconds for saline on TI-weighted sequences. The surrounding capsule is low-

quantitative studies of known lesions. The precise technique used signal intensity on all sequences. Radial folds, normal infoldings of
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ferentiation from small malignant lesions. Incidental fibroadenomas
are common. They are usually well-defined ovoid or lobulated low-
signal-intensity masses on TI-weighted scans. Myxoid fibro-
adenomas are often high signal on T2-weighted scans. The amount
and rapidity of enhancement depends upon the composition of the
fibroadenoma. Thus hyalinised ones may not enhance at all, whereas
mxyoid fibroadenomas in young women can enhance as quickly and
markedly as carcinomas. Usually, enhancement is uniform, gradual
and moderate with a type I a orb curve (Fig. 46.66). The presence of
non-enhancing internal septations strongly predicts benignity.
Papillomata appear very similar, though without septations.

Typically, ductal carcinomas are irregular poorly marginated
masses that are low TI and intermediate to low T2 signal.
Distortion may be evident. Enhancement is a function of tumoral
neoangiogenesis and is usually marked and rapid with signal
i ntensity more than doubling. Rim enhancement and centripetal
enhancement are common and have a high positive predictive value
for malignancy (Fig. 46.67). Time-intensity curves often demon-
strate a plateau effect (type 2) or washout (type 3), the latter having
a relatively low sensitivity but high specificity for malignancy
(Fig. 46.66). Some carcinomas behave atypically, enhancing only
little and gradually (lobular carcinomas) or being well defined (pap-
illary and mucinous carcinomas). Ductal carcinoma in situ (DCIS)
has a variable appearance depending on the degree of neoangio-
genesis, but the presence of linear and nodular enhancement in a
ductal or segmental distribution is highly suggestive. Inflammatory
carcinomas result in generalised skin and trabecular thickening,

often with generalised moderate enhancement, but it is not possible
to differentiate inflammatory carcinoma from other causes of
i nflammation such as infection or early postradiotherapy change. In
patients with implants, the presence of a collapsed infolded silicon
shell lying within the implant contents (the linguine sign) is diag-
nostic of intracapsular rupture (Fig. 46.68), whereas collections of
silicon lying outside the ruptured fibrous capsule indicate extra-
capsular rupture. A small amount of free fluid around the implant
can be a normal finding.

Breast MRI is the technique of choice in the differentiation between
postoperative scarring and local recurrence, provided enough time
has elapsed to allow treatment-related enhancement to settle. It has
an important role in the assessment of the indeterminate mass
because of its very high sensitivity for malignancy, though at
present, core biopsy is a more cost-effective approach. It is very
accurate in the local staging of breast cancer in difficult cases (very
dense breasts, mammographically occult tumours, suspected multi-
focality or multicentricity and suspected chest wall involvement). It
is the technique of choice in the evaluation of implant integrity and
detection of cancer in the augmented breast. It is also accurate in
the differentiation of axillary recurrence and brachial plexopathy
post radiotherapy.

Breast MRI appears highly accurate in the assessment of
response to neoadjuvant and primary chemotherapy, predicting ulti-
mate response before changes in tumour volume and differentiating
between residual tumour and fibrosis. Its role in this area is likely to
grow. The place of breast MRI in screening high-risk patients has
yet to he established and the results of the MRC trial addressing
this (the MARIBS study) are awaited with interest.

Fig. 46.67 Sagittal T 1 -weighted gradient-echo images with fat satura-
tion pre (A) and post (B) intravenous gadolinium-DTPA. Two malignant
masses are demonstrated. Note typical heterogeneous and rim enhance-
ment of the larger mass and clear demonstration of involvement of the
prepectoral fascia, pectoralis major muscle and skin by the inferior mass.

the implant envelope, are seen as thin low-signal folds invaginated
i nto the implant contents.

Though MRI is rarely indicated in the assessment of benign disease,
cysts are often seen as well-defined non-enhancing masses of low
signal on TI- and high signal on T2-weighted images. In pre-
menopausal women, it is common to see tiny foci of intense and
rapid enhancement, in addition to the normal gradual parenchymal
enhancement. These often change from cycle to cycle, enabling dif-



Patients who have been treated for breast cancer may develop locally
recurrent tumour and are at increased risk of developing a second
primary breast cancer (6 x lifetime risk). The aim of follow-up is to
detect recurrence or a new primary tumour as early as possible when
the tumour is likely to show better prognostic features. Local tumour
recurrence which is more common in young patients and in those
with cancer showing poor prognosis features may be expected to
affect 5% of women in the first 5 years and 10-15% of women
within 10 years of breast-conserving treatment. Recurrent tumour is
likely to show the same mammographic features as the primary
tumour. Routine mammographic surveillance imaging of the breast
following breast-conserving treatment and of the contralateral breast
i s therefore recommended every 1-2 years following treatment and
should be carried out in conjunction with clinical examination. The
duration of follow-up should take into account that the majority of
recurrences and 80% of contralateral breast cancers will arise within
1 0 years of the primary diagnosis. Any abnormality detected on
routine surveillance should be further assessed using the triple diag-
nostic approach. MRI has been shown to he useful in cases where
the results of the triple approach are not diagnostic.

I maging is carried out following insertion of breast prostheses for
the following reasons:

• To diagnose the cause of symptoms arising from complications
related to the prosthesis.

• To diagnose symptomatic disease in the tissue surrounding the
prosthesis.

• Breast cancer screening in women aged 50 years and over.

I maging is used to ensure accurate needle positioning for the
following diagnostic and therapeutic procedures:

• Simple cyst aspiration (therapeutic)
• Complex cyst aspiration (diagnostic)
• Abscess aspiration
• Fine needle aspiration cytology (FNAC)
• Core biopsy/wide-bore needle biopsy
• Vacumn-assisted core biopsy
• Preoperative localisation of non-palpable lesions.

Standard oblique and craniocaudal views can be obtained without
damage to the prosthesis. Exposure factors have to be adjusted so
that the tissue surrounding the prosthesis is not overexposed. The
Eklund technique is suitable for breasts where there is a relatively
large volume of breast tissue overlying the implant and involves
posterior displacement of the implant so that only the breast tissue
is compressed and imaged.

Ultrasound is particularly helpful in the examination of the aug-
mented breast because areas of breast tissue which may he partially
obscured by the implant on mammography can he satisfactorily
demonstrated.

MRI is the most sensitive technique for the assessment of
i mplants and should be used if mammography and ultrasound are
non-diagnostic or equivocal.

Calcification overlying the surface of the implant is commonly
seen. Features of internal and external implant rupture may he
demonstrated. External rupture with siliconoma formation may
cause a firm palpable lump and shows a characteristic appearance
on mammography and ultrasound-mammography shows a soft-
tissue opacity with multiple 3-4 mm diameter round nodules asso-
ciated with it due to granuloma formation in response to the
presence of silicone (Fig. 46.69A). Ultrasound shows dense
acoustic shadowing (Fig. 46.69B).

Augmentation has in the past been performed by injecting sili-
cone directly into the breast. The long-term results of this treatment
produce a characteristic mammographic and ultrasound appearance
due to fibrosis and siliconoma formation. The breast tissue is dense
and contains many round calcifying nodules (Fig. 46.70) ultrasound
shows acoustic shadowing.

The exceptional sensitivity of breast MRI for the detection of
breast cancer makes it a potentially very effective diagnostic tech-
nique. but the relatively low specificity, highly variable diagnostic
criteria and limited availability are such that its precise role in
routine practice has yet to be established. The development of dedi-
cated magnets, tissue-specific contrast agents, standardised tech-
niques and reporting systems and MR-guided biopsy systems
should help overcome these problems.

Fig. 46.68 Axial T1 -weighted (A) and T2 -weighted (B) i mages in a patient with bilateral single lumen silicon implants. Note extracapsular rupture of the
right breast implant, with a collection of silicon lying in the lateral aspect of the breast. There is intracapsular rupture of the left breast implant, with a
classical linguine sign.
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Cyst aspiration
Simple cysts are most commonly aspirated because they are
causing symptoms, e.g. a tender breast lump. Asymptomatic cysts
found on imaging do not need to he aspirated unless there are
i maging features present which suggest that the lesion may not he a
simple cyst but may contain an intracystic tumour.

Abscess aspiration
Most simple, unilocular breast abscesses can be effectively managed
by percutaneous needle aspiration and oral antibiotics. The needle
aspiration may need to he repeated and should be carried out using
l ocal anaesthetic. Large multilocular abscesses (Fig. 46.71) require
surgical incision and drainage.

Ultrasound-guided FNAC
Solid lesions which are visible on ultrasound can be biopsied using
a fine needle (21-23G) in order to obtain an aspirate containing
cellular material which is analysed to provide a cytological diagno-
sis. Local anaesthetic infiltration of the skin may be used and two
or three separate passes are made to increase the chance of obtain-
i ng a cellular aspirate. Visualisation of the needle in relation to the
l esion is easiest if the needle is introduced as parallel to the surface
of the probe as possible, so that the long axis of the needle is per-
pendicular to the direction of the ultrasound beam. The needle is
moved to and fro within the lesion with simultaneous rotation and
with negative pressure applied. The negative pressure is most
easily applied by an assistant using a syringe connected to the
needle by a short extension tube. Aspiration is continued until
material is seen within the hub of the needle; the aspirate is then
delivered onto slides and dry and wet preparations made in accor-
dance with instructions from the local cytopathologist. If local cir-
cumstances allow, it may be helpful to have the cellularity of the
specimens checked by a cytology technician immediately follow-
i ng the procedure.

Fig. 46.69 (A) Implant with silicomoma formation. A firm mass was pal-
pable adjacent to the lateral aspect of the implant. The craniocaudal view
shows a soft-tissue opacity with irregular margins adjacent to the lateral
aspect of the implant. There are several small round nodules in the adjacent
breast tissue. (B) Ultrasound at the site of the mass shows acoustic shadow-
ing only.

The type of imaging chosen depends principally on which method
(ultrasound or mammography) shows the lesion clearly. Ultrasound
is used for cysts and most soft-tissue lesions; mammography is
used for microcalcification and for soft-tissue lesions, particularly
distortions, which are not sufficiently well visualised on ultrasound.



Fig. 46.73 Ultrasound-guided 14G core biopsy of a solid mass. (A) The
tip of the needle is positioned just proximal to the lesion prior to firing the
biopsy device. (B) The needle is demonstrated within the lesion after firing
the biopsy device. Note that the needle is parallel to the chest wall.

Stereotactic-guided FNAC
For lesions that are not seen or are poorly visualised on ultrasound,
mammographic guidance is required for needle biopsy. The most
common method currently in use is an add-on stereotactic device
which is used with a conventional upright mammography machine

(Fig. 46.74). With the patient seated a superior approach with the
breast positioned for a craniocaudal view is suitable for most

l esions but lateromedial, mediolateral or oblique approaches may
be needed for lesions that are inferiorly positioned or are situated
laterally in the axillary tail region. The lesion is demonstrated on
paired stereotactic views obtained with the X-ray tube angled 15°
either side of the central tube position. Measurements defining the
position of the lesion on the stereotactic views are used to
determine the position of the needle guide in the X, Y and Z axes.
When the needle, of specified length, has been inserted through the
guide into the breast, check stereotactic views are obtained to
ensure that the tip of the needle is correctly positioned in relation to
the lesion (Fig. 46.75). If the position is not correct, the needle can
be repositioned and further check films obtained. When the needle
position is correct, the remainder of the aspiration procedure is
similar to that for ultrasound-guided FNAC. Different areas of the

Fig. 46.72 1 4G needle and automated biopsy device used for ultrasound
and stereotactic core breast biopsy.

Ultrasound-guided FNAC is used for the diagnosis of non-
palpable lesions but can also be used to increase the accuracy of
FNAC of small masses which are difficult to palpate clinically.

Ultrasound-guided core biopsy
Small solid lesions can also be effectively biopsied using ultrasound
guidance for core biopsy. A 14G needle is used together with an
automated biopsy device (Manon/Kimal) (Fig. 46.72). The biopsy
device rapidly advances the central trochar through the lesion; the
outer cutting sheath of the needle is then rapidly advanced over the
central portion of the needle, cutting a core of tissue which lies
within a 17mm biopsy `port'. The needle is withdrawn and the core
of tissue delivered into formal saline. This procedure is carried out
under local anaesthetic and a small 3-4 mm skin incision is neces-
sary to allow easy passage of the 14G needle. The biopsy needle
should be introduced as parallel as possible both to the ultrasound

probe, to optimise visualization of the needle, and to the chest wall
to prevent any risk of the needle tip passing posteriorly into the
chest. The 22 mm `throw' of the needle tip on firing must be consid-
ered when deciding whether the needle is satisfactorily positioned.
The tip of the needle should be positioned just proximal to the edge
of the lesion. Manoeuvring the needle into the correct position for
biopsy is easiest if the needle is passed through the breast tissue in a
radial direction in relation to the nipple-in this way, fewer tissue
planes need to be traversed. The needle can be observed passing
through the lesion during the biopsy (Fig. 46.73). Several passes are
carried out through the same skin incision to ensure that representa-
tive material has been obtained. Following the procedure, firm pres-
sure should be applied to the area for at least 5 minutes to prevent
haematoma formation.
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puter offers rapid contrast adjustment and zoom facilities. Target

areas for biopsy are selected on the computer screen and the posi-
tion and angulation of the biopsy needle/gun holder are adjusted
automatically. A 14G needle is used; after insertion under local
anaesthetic, check films are taken to ensure correct positioning
(Fig. 46.77). Check films can also be taken after firing the biopsy
gun to ensure that the lesion has been traversed by the needle. Five

or more core biopsies are usually obtained. Core biopsy specimen
radiographs are taken when sampling areas of microcalcification to
ensure that representative tissue has been obtained (Fig. 46.78).
Problems which may occur with 14G core biopsy include:

• Suspicious core biopsy result-the pathologist is unable to make
a specific diagnosis on the material provided or atypical ductal
hyperplasia (ADH) is found. At surgical excision, 40-50% of
such cases will prove to he malignant.

• Under diagnosis of invasive cancer-a small focus of invasive
cancer within an area of malignant microcalcification may not
be sampled.

• Targeting of small lesions accurate sampling of very small
2-3 mm diameter clusters of microcalcification may be difficult.

Vacuum-assisted core biopsy
Vacuum-assisted core biopsy allows a larger tissue sample to be
obtained and overcomes some of the problems of 14G core biopsy,

Fig. 46.75 Stereotactic-guided fine needle aspiration. The check pair of
fil ms shows the tip of the needle positioned within the small cluster of
microcalcification on both views.

lesion are sampled by moving the needle guide 2-3 mm in the X
andY axes. Up to five aspirates are usually obtained.

Stereotactic-guided core biopsy
Conventional mammography apparatus with add-on stereotactic
equipment and analogue imaging can be used for stereotactic core
biopsy, but more accurate results have been obtained using either

add-on digital imaging or dedicated prone stereotactic biopsy
equipment with digital imaging (e.g. Fischer Imaging) (Fig. 46.76).
Using this equipment, the patient lies in the prone or prone oblique
position and the breast passes through an aperture in the table. The
direction of the X-ray beam is horizontal and stereotactic views are
obtained by rotating the tube 15° either side of the central position.

The digital X-ray images obtained are displayed on a computer
screen within approximately 5 seconds of exposure, and the com-

Fig. 46.78 (A) Core biopsy specimen radiograph demonstrating micro-
calcification within the core samples. (B) Core biopsy showing ductal carci-
noma in situ with calcification.

Fig. 46.77 Stereotactic core biopsy. Stereo film pair showing 'post fire'
position of needle during biopsy of microcalcification.



Fig. 46.80 Wire localisation and surgical excision of a non-
palpable carcinoma. (A) The position of a spiculate mass in
the upper part of the left breast is marked with a localising
wire. (B) Peroperative specimen radiography confirms that
the mass has been excised.

this way multiple samples are taken and small clusters of micro-

calcification will usually be completely removed. If the mammo-
graphic marker is removed, a small metal clip is deployed at the
site of the biopsy to allow accurate localisation should subsequent
surgical excision be necessary. Vacuum-assisted core biopsy has
also been used under ultrasound guidance for sampling of soft-
tissue lesions, and under MRI guidance for lesions which are not

visible using either mammography or ultrasound.

Preoperative localisation of non-palpable lesions
Prior to surgical excision of non-palpable lesions, information from
the combined imaging/needle biopsy work-up is used to determine
whether the surgery is to be therapeutic, in cases where a diagnosis of
malignancy has been confirmed, or diagnostic, for cases where the
diagnosis remains uncertain. The position of the lesion in the breast is
marked using a wire with a hook or barb on the end to prevent move-
ment of the wire within the breast. The wire is contained within a
needle which is inserted into the breast under local anaesthetic, using
either X-ray or ultrasound guidance. When X-ray guidance is used, a
simple perforated compression plate or aperture compression plate is
satisfactory and stereotaxis is not usually required. When the tip of the
needle has been shown to be satisfactorily positioned within 10 mm of
the lesion, the needle sheath is withdrawn leaving the wire in situ.
Check craniocaudal and lateral views are obtained to show the final
position of the wire in relation to the lesion. Peroperative specimen
radiography is mandatory to ensure that the excised breast tissue
contains the mammographic abnormality (Fig. 46.80).

Ductography
Ductography may be performed in the investigation of patients with
unilateral blood-stained nipple discharge to identify the site of
pathology within the duct. The duct orifice from which the dis-
charge is occurring is identified by squeezing the breast tissue to
express the discharge. The duct orifice is then cannulated using a
fine 30G cannula, e.g. sialogram cannula, the tip of which is passed

into the lactiferous sinus. Approximately 3 ml of water-soluble
contrast is then injected, the cannula is taped to the nipple, and
lateral and craniocaudal views are obtained. Ductal filling defects
may be caused by papilloma or carcinoma in situ (Fig. 46.81).

Fig. 46.79 Vacuum-assisted core biopsy. (A) Probe showing biopsy port
with holes leading to vacuum-producing apparatus. (B) Biopsy probe and
driver unit.

particularly targeting of very small lesions. An I I G probe with a
biopsy port attached to a vacuum-producing device (Fig. 46.79) is
inserted into the breast under local anaesthetic and stereotactic
guidance. Tissue from the target area is sucked into the biopsy port
by the vacuum and is then separated from the surrounding breast by
a rotating cutting cylinder which passes down within the probe.
The tissue sample is then delivered by withdrawing the cutting
cylinder-the probe is left in position in the breast and is rotated so
that the biopsy port is aligned with the next site for sampling. In
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A national mammography screening programme was implemented
in the UK following publication in 1986 of the findings of an expert
committee chaired by Sir Patrick Forrest.

The current policy for mammography screening in the UK is:

I . All women aged 50 years and over are offered screening.
2. Women aged 50-64 years are invited for screening once

every 3 years. This age range is currently being extended to 50-70
years. Women who are older than the invitation age range may
arrange screening by self-referral.

3. The screening test is a lateral oblique and craniocaudal
mammogram for the prevalent screen and a lateral oblique
mammogram for incident screens. The programme is currently in the
process of implementing two-view mammography for all screens.

The main stages of the screening process are

I . Invitation
2. Basic screen
3. Assessment and diagnosis
4. Treatment.

1. Invitation Eligible women in the age range for invitation are
i dentified from health authority computerised records of women
registered with general practitioners. Women are offered their first
invitation for screening before their 53rd birthday and are sent
further invitations every 3 years while they are within the age
range for invitation.

2. Basic screen The basic screening mammogram is carried
out in static units, particularly in urban areas or on mobile units
used in many rural areas. The screening films are read to identify
any which show an abnormality suspicious for cancer. Screen film
reading is carried out by radiologists, and appropriately trained
clinicians and radiographers. Double reading is carried out where
possible because this has been shown to increase the sensitivity
for cancer detection.

Factors which influence sensitivity of screening mammography:
(i) Film quality: high-quality films are essential for the detec-

tion of small cancers. Careful positioning is required to ensure that
as much of the breast as possible is demonstrated with the tissue
adequately compressed. High film density has been shown to be
associated with high small cancer detection rates-a target film
density of 1.4-1.8 is recommended.

(ii) Number of views: studies have shown that two-view mam-
mography increases the cancer detection rate by up to 24%.

(iii) Number of readers: double reading has been shown to
i ncrease cancer detection rates. The effect is seen in both preva-
l ent and incident screens and appears to be due particularly to
improved detection of small <15 mm diameter invasive cancers.
The SDR (standardised detection ratio) is increased by 32%

(95% CI 3-69%) for prevalent screen small invasive cancer
detection and by 73% (95% CI 40-I l3%) for incident screen
small invasive cancer detection.

3. Assessment and diagnosis Women are recalled following

the basic screen because:

(i) The screening films show an appearance suspicious for
cancer.

The effect of screening is to bring forward the time of diagnosis of
breast cancer by the lead time. The following biases have to be
taken into account when assessing the effectiveness of screening:

• Lead time bias: in some women, the prognosis will not be
altered by detecting the tumour earlier. The effect of screening
i n such cases is to lengthen the time during which a woman lives
with a diagnosis of breast cancer.

• Length bias sampling: some slow-growing invasive or non-inva-
sive cancers detected by screening may not have become clini-
cally apparent during a woman's natural lifespan. The effect of
screening in such cases is to detect and treat what may have
remained occult disease.

Lead time bias and length bias sampling reflect the heterogeneity
of breast cancer. In order to demonstrate the effect of mammogra-
phy screening, large-scale prospective randomised trials have been
conducted in Europe and the USA. Long-term follow-up results
from the Swedish Two Countries Trial demonstrate a 30% (95% CI

1 8-40%) reduction in breast cancer mortality in women aged
40-74 years. Combined data from the published results of prospec-
tive trials show that breast screening reduces mortality by 24%
(95°% CI 13-33%; P <0.01) for women invited for screening aged
50-74 years assuming a 70% acceptance rate. The reduction in
mortality for women aged 40-49 years invited for screening is
estimated from the combined data to be 15% (95% CI 8-32% ;
P = 0.2).

Fig. 46.81 A ductogram showing small filling defects due to an intra-
ductal carcinoma (arrows).

The aim of screening by mammography is to reduce mortality
from breast cancer by detecting cancers when they are small,
before they have spread and for which the prognosis following
treatment is better than for larger tumours. National breast screen-
i ng programmes have been implemented in many countries using
high-quality X-ray mammography, the only screening test for
breast cancer which has been shown to he effective in reducing
mortality.



screening such as anxiety due to recall for assessment and the trauma
of surgical biopsy for benign breast conditions are minimised.

The Current Quality Assurance Standards for the UK screening
programme together with recent results arc shown in Tables 46.2
and 46.3.

I nterval cancers in a screening programme are those cancers which
arc diagnosed in the interval between a negative screen and the next
routine screen. Analysis of the number and type of interval cancers
provides an important indication of the effectiveness of the screen-

i ng service and review of their mammographic features has enabled

film readers to improve their ability to detect small cancers with

subtle mammographic features. Interval cancers are an inevitable
part of any screening programme, but their number should be kept
as low as possible. The expected interval cancer rates are derived
using an underlying incidence of breast cancer of 21.6 per 10,000
for women aged 53-64. The observed rates of interval cancers in
the Swedish Two Counties study indicate that the number of inter-
val cancers should not exceed 20% of the underlying incidence in
the first year (4.5 per 1000), 30'4 in the second year (6.5 per 1000)
and 60% in the third year (13 per 1000). In the UK screening
programme, the standard for the expected interval cancer rate is
<12/1000 in the first 24 months following screening and <13/1000
screened for the subsequent 12 months (these figures exclude

DCIS).
Interval cancers are classified radiologically as follows:

I. True interval: there is no evidence of the cancer on the
screening films but the cancer is demonstrated on clinical mammo-
grams at presentation.

2. Occult: there is no evidence of the cancer either on the
screening mamnmogranms or on the clinical mammograms.

3. False negative: there is evidence of the cancer on the
original screening films which corresponds with the abnormal
signs shown on clinical mammograms at the time of
diagnosis.

4. Minimal sign: there are subtle features on the screening
mammograms which correspond to the position of the carcinoma
shown on the clinical films but are only recognisable on retrospec-
tive review or for which recall would not have been indicated.

5. Unclassified: mammography was not performed at the time
of diagnosis and therefore the presence of mammographic signs of

malignancy on the previous screening films cannot he verified.

1. The age trials Screening for women aged 40-49 years-

women in the study group have been offered yearly mammogra-
phy screening from the age of 40 years. The mortality from
breast cancer in the study group will be compared to that in the
control group in order to assess the effect of screening this age

group.
Screening for women aged over 64 years-pilot studies have

been carried out to measure the results of inviting women for
screening aged 65-70 years. As a result of these studies, the upper
age limit for routine invitations for screening in the UK is being
extended to 70 years.

Standards for radiological performance in breast screening which have
been set for each stage of the screening process have been adjusted
since the beginning of the programme following review of the results
and as more epidemiological information has become available. The
purpose of the quality assurance programme is to ensure that by
delivering a high-quality service, the benefit of screening, a reduction
i n breast cancer mortality, is maximised while the adverse effects of

Surgical biopsy and treatment For the majority of women with
screening-detected cancer, it is now possible to confirm the diagnosis
preoperatively and treatment is planned accordingly using combined
i nformation from clinical examination, imaging and needle biopsy.

Open surgical excision will still be required for some cases where
the mammographic findings are suspicious for malignancy but the
findings from needle biopsy are not diagnostic. Between 50 and
60% of screening-detected lesions requiring surgery are non-
palpable and require preoperative radiological localisation. In all
such cases, preoperative mammography of the excised tissue is
mandatory to ensure that the mammographic abnormality has been
removed. Peroperative 'frozen-section' pathological examination in
such cases is contraindicated because of the difficulty of accurately
diagnosing some screening detected lesions using this method.

(ii) A significant clinical symptom or sign, e.g. a lump, is indi-
cated by the woman to the radiographer at the time of screening.

(iii) The screening films arc technically unsatisfactory.

Women whose films are technically unsatisfactory may have
repeat films carried out at the basic screening unit. Women who
have been recalled because of a mammographic or clinical abnor-
mality are recalled to a specialist multidisciplinary clinic where
facilities arc available for clinical examination, standard and
supplementary mammography views, ultrasound needle biopsy
( FNAC and core biopsy) and counselling. The combination of
tests in a particular case is chosen according to the type of
abnormality present.

At assessment:

(i) The triple diagnostic approach is used to confirm the diag-
nosis in women with breast cancer so that treatment can be planned
t ogether with appropriate counselling.

(ii) Women who are found to have normal breasts or benign
change are reassured and discharged until their next routine screen-
i ng examination.

(iii) Women who have a suspicious lesion in whom a definitive

diagnosis cannot be achieved using the triple diagnostic approach
are advised to undergo diagnostic surgical excision. This includes
cases where atypical ductal hyperplasia has been diagnosed on
i mage-guided core biopsy because of the risk of associated invasive
or in situ carcinoma being found at surgical excision.

(iv) Women who have a low suspicion lesion, in whom a

definitive diagnosis cannot be made using the triple diagnostic
approach, may be followed by repeating the mammograms earlier
than the routine 3-year recall e.g. early recall at I year: the number
of women on early recall should be kept to a minimum because of
the anxiety that this may cause.
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3. The frequency trial This study is designed to identify the
optimum interval between routine examinations. Women in the

study group are offered 1 year screening; women in the control
group undergo routine yearly screening. The prognostic features
of cancers detected in the study group are compared to those of
cancers detected in the control group.

2. One-view vs. Two-view Mammography The results of the
prospective study show that two-view mammography improves the

sensitivity, particularly for the detection of small breast cancers,
by up to 24%. As a result of this study, two-view mammography is
now offered to all women attending prevalent screens and will
soon be offered to women attending for incident screens.

1 00%

Prevalent screen <1.8 per 1000
Incident screen <1.0 per 1000

>90%

<0.25%

Prevalent screen <7%
Incident screen <5%

<2% of total examinations

Prevalent screen >2.0 per 1000
I ncident screen >2.2 per 1000

<1 0

Prevalent screen >3.6 per 1000
I ncident screen >4.0 per 1000

>70% of invited women to attend
for screening

Prevalent screen >2.7 per 1000
I ncident screen >3.0 per 1000
Prevalent screen >0.4 to >0.9 per 1000
I ncident screen >0.5 to >1.0 per 1000

>0.75

Prevalent screen >1.5 per 1000
I ncident screen >1.65 per 1000

>10p/mm

>%
<5%
1 4-18

<2 mGy

<3% of total examinations

Prevalent screen <10%
I ncident screen <7%

<1%

>70%

Prevalent screen <3.6 per 1000
I ncident screen >2.0 per 1000

Expected standard

1.2 per 1000 screened

1.3 per 1000 screened

>90%

1. To maximise the number
of eligible women who
attend for screening

2. To maximise the number
of cancers detected

The percentage of eligible
women who attend for
screening

a The rate of invasive cancers
detected in eligible women

b. The rate of cancers
detected which are

i n situ carcinoma
c. Standardised detection

ratio (SDR)

3. To maximise the number The rate of invasive cancers
of small invasive cancers l ess than 15 mm in diameter

detected in eligible women

i nvited and screened

a. High contrast spatial
resolution

b. Minimal detectable
contrast (approx.)

5-6 mm detail
0.5 mm detail

c. Standard film density

Mean glandular dose per film

to standard breast using a grid

The number of repeat
examinations

a) The percentage of women
who are referred for
assessment.

b) The percentage of women
screened who are placed
on early recall

The percentage of women
who have non-operative
diagnosis of cancer by
cytology or needle histology

The rate of benign biopsies

The rate of cancers presenting
i n screened women.
a. in the 2 years following

a normal screening
episode

b. In the third year

The percentage of eligible
women whose first offered
appointment is w n
36 months of their previous screen

4. To achieve optimum
i mage quality

5. To limit radiation

6. To minimise the number
of women undergoing
repeat examinations

7. To minimise the number
of women screened
who are referred for
further tests

8. To ensure that the
majority of cancers,
both palpable and
i mpalpable, receive
a non-operative tissue
diagnosis of cancer

9. To minimise the
number of unnecessary
operative procedures

1 0. To minimise the number
of cancers in women
screened presenting
between screening
episodes

11. To ensure that women
are recalled for screening
at appropriate intervals
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Barium swallow
This is a simple and easy means of examination, although obvi-
ously of more value for lesions below the cricopharyngeus which
cannot be assessed with a laryngeal mirror. Tumours of the pharynx
will be well outlined by a coating of barium, and masses demon-
strated in the piriform fossae, which are sometimes difficult to see
with a mirror. The normal larynx will appear as a `filling defect' in
the frontal projection with contrast in the piriform fossa on either
side. This is well shown on the oblique projection, obtained with
the patient swallowing while the head is turned to one side. When
the larynx fails in its primary function as a protective sphincter for
the lungs, 'spill-over' will occur to give a `barium laryngogram'.
This problem is seen more and more in an ageing population where
dysphagia is often the result of a mild stroke.

Cineradiography
At four frames per second, cineradiography gives a good demon-
stration of deglutition. Passage of the bolus across the back of the
tongue with elevation of the larynx and tilting of the epiglottis
down over the closed larynx is shown (Fig. 47.2). Contrast then
passes through the open cricopharyngeus into the oesophagus.
Minor functional disorders of swallowing can only be shown by
this technique (Fig. 47.3). Videofluoroscopy is an alternative

means of assessing swallowing function and a technique for
assessment of oral or pharyngeal dysphagia is described in detail
in Chapter 18.

Computed tomography
CT is now the optimum method of imaging the outlines of the
nasopharynx but also shows the soft-tissue structures of the
i nfratemporal fossa and parapharyngeal space, which lie alongside
the naso- and oropharynx. Formerly this region could be studied
radiologically only in an indirect way by examination of surround-
i ng bony structures or by invasive contrast examinations such as
sialography and angiography. The infratemporal fossa is situated
below the skull base and is bounded by the pharyngeal musculature
medially and the mandible laterally. The most prominent and easily
recognised structures within the infratemporal fossa are the ptery-
goid muscles. The anatomy of this region is depicted in Fig. 47.4.
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Plain film
The best plain film view is given by the lateral projection with the
pharynx and larynx clear of the cervical spine (Fig. 47.1). The film
i s placed against the shoulder and the incident beam is centred on
the angle of the jaw if the nasopharynx is the region of interest, or
the thyroid cartilage if the larynx is being examined.

Radiological investigation of the upper air and food passages has a
relatively minor role and is subsidiary to clinical investigations.
Inspection may be direct or by use of a mirror and may be performed
under a general anaesthetic, when suspicious areas can be biopsied.
I maging techniques are required to show foreign bodies, the lower
li mit of a tumour when this cannot be assessed endoscopically, and
sometimes for dynamic studies of deglutition and soft-palate function.

Traditionally the radiographic techniques used have been:

• Plain films to show the air/soft-tissue interface and surrounding
bony structures

• Intraluminal contrast examinations.

High-kV techniques are used to give a better demonstration of the
outlines of these air-filled cavities by partially eliminating the over-
l ying bony structures from the image.

Computed tomography (CT) has greatly improved and extended
the imaging capabilities in this region. Not only is the clearest
demonstration of the air/soft-tissue interface given in axial sections
but the surrounding fascial planes, muscles and vessels in the para-
pharyngeal region can be shown. The ability of CT with contrast
enhancement to show neoplastic involvement of lymph nodes is
i ncreasing its use in staging neoplasms of the head and neck.

Magnetic resonance imaging (MRI), with its superior soft-tissue
discrimination and facility of three-plane imaging, is now the inves-
tigation of choice for neck masses. MRI is also useful for neoplasia
of the tongue and for showing the pre-epiglottic space and floor of
the mouth.

Barium swallow remains the most important radiological exami-
nation of the oro- and hypopharynx, especially when combined
with cineradiography and video fluoroscopy.



Fig. 47.2 Lateral views of a normal barium swallow. The epiglottis
(arrow) folds down over the larynx as barium passes down into the
oesophagus.

Below, the infratemporal fossa is continuous with the parapharyn-
geal space.

The role of CT for lesions in this region may be defined as:

• To complement direct examination of lesions in the postnasal
space.

• To assess the size and situation and relations of a well-defined
mass for prospective surgical removal, or the extent of local
deep infiltration for radiotherapy planning.

• To assess the relation of the mass to the great vessels and the
parotid gland: by combining CT with contrast enhancement

more accurate differentiation becomes possible. Contrast
enhancement should he assessed in the vascular phase by intra-
venous infusion or bolus injection. Further sections in the
coronal plane may give more information. Respiratory move-
ment is less of a problem with the new fast scanners.

Scanning is begun at the level of the thyroid bone and sequential
scans of 5 min slices are made in a caudal direction. The shape of
the airway alters as sequential scans are viewed. Above the rounded
hypopharynx it is bisected by the crescentic epiglottis. Further
down, the median and lateral glossoepiglottic folds delineate the
valleculae. Below this the airway assumes a triangular shape and

the piri form sinuses are seen as two lateral appendages separated by
the aryepiglottic folds. At the level of the cords the shape changes
to the characteristic glottic chink or boat shape with the sharp ante-
rior commissure extending right up to the thyroid cartilage in the
midline (Fig. 47.5). In the subglottic area there is an even, symmet-
ric oval shape which gives way at the level of the first tracheal ring
to an oval flattened posteriorly, which may he likened to the shape
of a horseshoe.

CT provides a non-invasive, quick and effective radiological
investigation of the larynx, and is not uncomfortable for the patient.
It can be done without risk in the face of respiratory obstruction, or
after suspected laryngeal injury. It gives an accurate assessment of

laryngeal anatomy and involvement by tumour, particularly at the
glottic level. The value of such an assessment is greatly increased if
partial laryngectomy is contemplated, but this is an unusual opera-
tion in the UK where carcinoma of the larynx is treated by radio-
therapy and/or total laryngectomy.

Fig. 47.1 (A) Some of the structures demonstrated on a plain lateral view of the neck. Xerography, although giving an excellent demonstration of the
air-soft-tissue interface, is no longer available because of the high radiation dose used. (B) High-kV lateral neck gives an adequate demonstration of the soft
tissue anatomy.
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Fig. 47.3 Cine barium swallow. Four frames in 1 s, frontal and lateral views. The patient had mild dysphagia due to unilateral vagal paralysis. Various
normal and abnormal features are demonstrated. Lateral view. 1. The vallecula fills with barium and is then partially effaced by the normal backward com-
pression of the tongue. 2. The epiglottis is partially immobile and only tilts down to the transverse position, not fully covering the laryngeal inlet. 3. Barium
enters the vestibule of the larynx. This may occasionally be observed in asymptomatic subjects but is usually an indication of failure of the laryngeal sphinc-
ters ('spill-over'). 4. At the same time the relation of the postphyaryngeal wall to the cervical spine does not change, indicating paralysis of the middle pha-
ryngeal constrictor. 5. Cricopharyngeus contracts and relaxes normally. AP view. 6. The epiglottis shows little movement. 7. The right side of the pharynx
contracts normally but the left remains flaccid and filled with barium. 8. Cricopharyngeus contracts and releases normally.
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Magnetic resonance imaging inflammatory hyperplasia, but recently metabolic imaging, such as
MRI has acknowledged advantages over CT for neck masses and is FDG-PET or SPECT, has been shown to be of value in differentiat-
now the imaging investigation of choice, but careful clinical assess- i ng continuent or recurrent neoplasia from radiation damage.
ment and use of needle biopsy should avoid the need for MRI for Below the skull base the presence of fat with its character-

i nflammatory or superficial masses in the parotid. MRI shows i stically high signal on T, images provides inherent contrast out-

clearly the major vessels of the neck without added contrast. T 1 - lining soft-tissue structures; however, this fat may obscure lesions,

weighted sequences have the best spatial resolution and give a especially when contrast enhancement has been used. Fat suppres-
strong signal from fat in the tissue planes (Fig. 47.6). However T- sion techniques can therefore be very useful in detecting and
weighted protocols are most useful for showing muscle invasion by defining the extent of abnormalities. The STIR protocol, the first
carcinoma, especially in the tongue base. A standard hcadcoil is and most reliable means of fat suppression, shows increased
satisfactory for the nasopharynx but the changing contours of the signal intensity from most tumours, especially in the parotid
neck make development of suitable coils difficult. Image degiada- gland, but cannot be used with gadolinium enhancement.
tion by movement and failure to depict calcification or fine bone Chemical shift fat suppression can show recurrent tumour after
detail are disadvantages of MRI. Evaluation of cervical lym- gadolinium enhancement, especially perineural spread, but one
phadenopathy for the staging of lymph node metastatic disease is must beware of artefacts.
probably best done by contrast-enhanced CT at the present time. Recently fat suppression techniques that may he used either with
Ring enhancement, capsular penetration and extranodal spread into the T fl - weighted fast spin-echo sequence or with a postgadoliniurn

fat are well shown by CT but MR[ appears more promising for dis- T, protocol have proved useful for defining lesions in the neck,
tinguishing end-stage fibrosis from recurrent tumour. Neither tech- although artefacts such as bulk and magnetic susceptibility effects
nique can differentiate with certainty nodal neoplasia from can he a problem (Barakos 1994).



Fig. 47.5 Axial CT of the normal larynx at the level of the true vocal
cords. Note the diamond shape of the airway with the cords in abduction. Juvenile angiofibroma

I ntravenous contrast has been given and so the common carotid artery This is the commonest benign tumour of the nasopharynx, occurring
(A) and internal jugular vein (I) are well shown. i n pubescent males. It presents clinically with epistaxis and nasal

obstruction and a dark red or ulcerated mass in the nasal cavities
and postnasal space, but its situation and extent are best assessed by
CT or MRI.

Studies by CT and observations at surgery confirm that the mass
arises at or close to the base of the pterygoid lamina; bone erosion

Meningoceles i n this site is probably a pathognomonic feature (Fig. 47.8). As well
These are rare manifestations in the postnasal space. They are as expanding into the nose and postnasal space, these tumours have
usually associated with a defect in the skull base and are best shown a tendency to spread laterally through the pterygomaxillary fissure
by coronal section CT or MRI, which will differentiate a meningo- i nto the infratemporal fossa. This causes widening of the fissure and
cele from an encephalocele. an important sign of the tumour, namely anterior bowing of the pos-

terior wall of the antrum, although other slow-growing masses will
Adenoid hyperplasia produce the same effect. Involvement of the orbit with proptosis is a
The value of demonstrating the size of the adenoid pad by lateral late feature. Extension into the sphenoid sinus or rarely into the
plain films is controversial, and even the necessity for adenoidec- cranial cavity is best assessed by coronal CT section. There is
tomy in all but a handful of cases has now been questioned. usually considerable contrast enhancement after bolus injection and
Nevertheless a significant correlation exists between the absolute this helps to delineate the limit of lateral extension in the infra-
adenoid volume as found at surgery, the nasal obstruction score and temporal fossa (Fig. 47.9). Carotid angiography, although diagnostic.

Antrochoanal polyps
These appear as smoothly outlined pear-shaped soft-tissue masses
i n the postnasal space on plain lateral films. They are associated
with complete or partial opacity of the antrum but not with bone
erosion, which helps to distinguish them from juvenile
angiofibromas. They have high homogeneous signal on T n - weighted
MRI (Fig. 47.7).

the radiological assessment of adenoid size. However, cephalomet-
ric methods, with careful measurement of radiological adenoid area
and the width of the postnasal space airway, are necessary, as well
as considerable observer experience.

Fig. 47.4 Axial CT of soft tissues below the skull base. (A) Normal section through antra and postnasal space. The arrowheads indicate the openings of
the eustachian tubes. m = ramus of mandible; s = styloid process; p = pterygoid muscles. (B) Section at a slightly lower level passes through the soft palate
(sp). Tensor and levator palatini blend with the pharyngeal constrictors (c) to give a dense muscle mass. The enlarged but otherwise normal parotid gland
has a lower attenuation, i.e. appears darker, than the masseter muscle in front of it but not as dark as the fatty tissue in the parapharyngeal space. Thus the
medial limit of the deep parotid lobe can be defined (arrowhead). These features are best shown by MRI.
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Fig. 47.7 Coronal T 2 -weighted MR sections showing high signal from the
mucosa over the nasal turbinates and the antrochoanal polyp (asterisk).

Fig. 47.6 (A) Sagittal MRI, T 1 -weighted, shows good differentiation
between the tongue muscles, the genioglossi in the floor of the mouth
and the surrounding fat, especially in the pre-epiglottic space (arrow).
(B) Sagittal film in a child revealing subglottic stenosis (arrow).

is not usually necessary. The presence of flow voids by MRI as well
as marked enhancement with gadolinium is characteristic of juvenile Fig. 47.8 A small juvenile angiofibroma arising from and eroding the
angiofibroma and is required to show intracranial extension. pterygoid lamina. Coronal CT scan showing the pterygoid plates.



These are predominantly midline tumours occurring in an older age
group. A large soft-tissue mass in the postnasal space is associated
with destruction of the basisphenoid and sometimes flecks of
calcification, best shown by CT. There is usually an associated intra-
cranial mass. MRI is the imaging investigation of choice (Fig. 47.10,
see also Ch. 57).

Squamous-cell carcinomas
These constitute 80°/0 of cancers of the postnasal space.
Occasionally they are large and exophytic, in which case a soft-
tissue mass may be seen in the postnasal space. More usually the
tumour infiltrates directly through the base of the skull, so that the
patient presents with cranial nerve lesions, or spreads via lymphat-
ics, so that enlarged neck glands are the first manifestation. Serous
otitis media with deafness from obstruction of the eustachian tube
by the tumour is another presenting feature. Formerly, careful study
of the base skull view for bone erosion of the middle cranial fossa
floor (Fig. 47.11) was the only basic radiological investigation.
Such erosion can be assessed by high-resolution CT, which will
also show the common obliteration of the lateral pharyngeal recess
(fossa of Rosenmiiller) by tumours arising in this area. Obliteration
of the soft-tissue planes as shown by CT is another indication of

spread of a postnasal space carcinoma (Fig. 47.12), especially in
that small but well-recognised group where the tumour grows sub-
mucosally and is not evident on examination or even initial biopsy.

Lymphoid tumours
In the postnasal space these tumours tend to grow in a bulky cir-
cumferential pattern without early invasion of the parapharyngcal
spaces. Magnetic resonance with three-plane imaging is now

Fig. 47.11 Plain base view of the skull, showing erosion of the skull base
i n the region of the basisphenoid and foramen lacerum (arrows) by a
postnasal space carcinoma.

becoming the investigation of choice for nasopharyngeal neoplasia,

especially for adenoid cystic carcinomas where sometimes the
characteristic perincural infiltration can be shown (Hamlin & Hasso

1 994), as well as any intracranial extension (Fig. 47.13). Enhanced
MRI in the coronal plane is necessary to define these T4 lesions but
fat suppression techniques best show extension laterally into the
soft-tissue planes of the nasopharyngeal region (Fig. 47.14).

Fig. 47.10 Chordoma. Sagittal MR section, T,-weighted, shows a non-
homogeneous mass in the nasopharynx and replacing the basisphenoid. The
tumour has burst out of its capsule and is displacing the brainstem posteriorly.

Fig. 47.9 A large juvenile angiofibroma which has displaced the back of
the right antrum anteriorly. After contrast enhancement the lateral exten-
sion of the tumour into the infratemporal fossa is well shown on this axial
scan (arrow).
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Fig. 47.14 Coronal fat-suppressed (STIR) section showing infiltration of
the pterygoid muscles by a carcinoma of the nasopharynx (asterisk). The
patient had severe tinnitus.

can he shown by videofluoroscopy or by high-kV lateral radio-
graphs with the patient articulating `K' (Fig. 47.15). A good
account of pharyngeal deglutition in patients with functional dis-
orders of the act of swallowing, compared with a group of volun-
teers with no complaint of dysphagia, is contained in two papers
from Malmo (Ekberg & Nylander 1982a,b). These authors, using
cineradiography at 50-100 frames per second, found a high inci-
dence of epiglottic dysmotility and cricopharyngeul incoordination
in the patient with dysphagia. Although only a small percentage had
severe disturbance, such as complete paralysis of the pharyngeal
constrictors or aspiration into the trachea, nevertheless contrast was
frequently seen to enter the vestibule of the larynx (Fig. 47.3).
Incoordination of contraction in the inferior constrictor of the
pharynx is thought to be responsible for the common pharyngeal
pouch, which consists of a protrusion of mucosa through a weak
area above cricopharyngeus; so the pouch becomes more and more
a direct continuation of the pharynx (Fig. 47.16). It should not he
forgotten that carcinoma may develop in a pharyngeal pouch.

Traumatic lesions
Foreign bodies in the upper acrodigestive tract are usually fish or
meat bones lodged in the upper oesophagus (Fig. 47.17). It may be
difficult to differentiate the foreign body from ossification in the
laryngeal cartilages. The presence of air in the soft tissues or in the
oesophagus held open by a non-opaque foreign body is an impor-
tant sign. Further investigation by barium studies is not often
required, but pledgets of cotton wool soaked in barium may become
caught on the foreign body and indicate the site if this is not
revealed by a conventional barium swallow. Less often, objects
such as pins, coins, dentures, buttons, etc. may lodge in the piri-
form fossa, the nasopharynx or between the cords. Stridor is the
presenting feature in such cases. Perforation, either by the foreign
body or by instrumentation, can lead to inflammatory changes in
the para- and retropharyngeal tissue planes. Widening of the
retropharyngeal soft-tissue space is seen in such cases, sometimes
with surgical emphysema or an abscess cavity. Fractures of the
larynx, as from direct contact with the steering wheel of a motor

Fig. 47.13 Coronal Gd-MRI section showing an adenoid cystic carci-
noma of the nasopharynx which has eroded the skull base in the region of
the foramen lacerum and extended up into the parasellar area (arrow). This
intracranial extension could only be fully appreciated on the enhanced scan
but discrimination of the lower part of the tumour from fat and enhanced
mucosa is less certain.

Velopharyngeal dysfunction, the inability of the soft palate to close
off the nasopharynx by apposition to the posterior pharyngeal wall,

Fig. 47.12 A mucoepidermoid carcinoma obliterates the soft-tissue
planes medial to the styloid process (s) on the left side. Although the mass
bulges into the postnasal space, the mucosa appeared normal on examina-
tion and a positive biopsy was only obtained through the base of the
antrum. Note the obliteration of tissue planes and eustachian orifice by this
poorly delineated mass. p = pterygoid muscles. The arrow points to the
eustachian orifice on the opposite side.
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vehicle, are difficult to demonstrate radiologically and even harder
to assess clinically. CT is now the optimum method for showing
fractures of the thyroid cartilage, displacement of the arytcnoids,
and the size and state of the airway.

Fig. 47.16 A large pharyngeal pouch with the oesophagus displaced
anteriorly and to one side.

Fig. 47.17 A fish bone impacted in the upper oesophagus (arrow).

Fig. 47.15 (A) High-kV view lateral neck with the patient articulating 'K'. There is a small gap between the soft palate and the posterior pharyngeal wall
(arrow). (B) A barium swallow showing velopharyngeal dysfunction.



Such tumours are almost invariably carcinomas. They present as Fig. 47.18 Carcinoma of the floor of the mouth. (A) Axial T1 -weighted

either ulcerative or proliferative lesions and are usually diagnosed
MRI showing the lesion as an area of low signal (arrows) extending through
the mandible into the buccal sulcus. (B) Gradient-echo FLASH sequence of

clinically. Radiologically tumours of the oro- and hypopharynx another case after gadolinium enhancement showing high signal from the
present as: tumour (arrows).

• Soft-tissue tumours encroaching on normal air-filled spaces,
e.g. vallecula or piriform fossa

( Fig. 47.20) predispose to this type of carcinoma, which is com-

• Filling defects in a barium swallow when the lesion is advanced
money in women than in men. The radiological features are:

• Changes in the mucosal relief pattern. • Widening of the postcricoid space. Determination of what can

Although CT or an orthopantogram (OPG) will best show minor
be accepted as normal is the greatest problem in diagnosis, but

erosion of cortical bone of the mandible, carcinomas of the tongue
an increase of the postcricoid space to over I cm must be

and floor of the mouth can only be assessed adequately from an
regarded with suspicion.

i maging point of view by MRI. The basic MR examination is axial • Irregularity and hold-up in the barium swallow. The Outline of

T,-weighted sections to show loss of fat signal from the lesion. Fat
the pharynx is irregular and the rnucosal folds are destroyed

is present in the normal floor of the mouth and the tongue, as well
(Fig. 47.21).

as in yellow bone marrow in the mandible. Further views using a
gradient-echo sequence after gadolinium enhancement will define
better the extent of the lesion (Fig. 47.18). The STIR fat suppres- Papillomas These are common in adults and are premalignant.
sion sequence is particularly good for demonstrating cancers of the They are usually single and may be sessile or polypoid. A pedun-
hypopharynx (Fig. 47.19). culated papilloma may be blown up and down through the vocal

Growths in the hypopharynx usually occur in the retrocricoid cords. Juvenile papillomas are not premalignant but are usually
region. The Paterson-Brown Kelly syndrome and oesophageal Weh multiple.

Laryngoceles
An air-filled sac arising from the laryngeal ventricle and saccule
constitutes a laryngocele. It is sometimes bilateral and may be con-
genital in origin, but expiration against resistance, as in glass
blowers and trumpeters, probably encourages its formation. It gives
a characteristic radiological appearance, especially with forced
expiration. Laryngocclcs may be internal or external, depending on
whether they lie inside or outside the thyroid lamina. Internal laryn-
goceles may cause obstructive respiratory symptoms, whereas
external laryngoceles produce soft-tissue swellings of the neck.
Films taken in the anteroposterior position are more useful than
l ateral films in outlining the laryngocele. In the lateral position a
small laryngocele may he superimposed on the normal laryngeal air
shadow and may be overlooked. High-kV studies in the anteropos-
terior plane are essential for the clear demonstration of small inter-
nal laryngoceles that have not extended outside the thyroid
cartilage. Alternatively a good demonstration in cross-section is
given by axial CT.

Cysts
Cysts of the pharynx and larynx are either congenital or retention in
origin. They can be recognised on plain lateral films of the neck.

I nfections
Radiological examination is seldom necessary to demonstrate
i nflammatory disease of pharynx, larynx and epiglottis, but may be
required to exclude pulmonary disease. In a child, narrowing of the
trachea may point to the presence of a laryngotrachcobronchitis, or
forward displacement of the trachea to a retropharyngeal abscess.
Following surgical incision or spontaneous rupture, small pockets
of air with air-fluid levels may he visible in the abscess.
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Carcinomas are customarily classified into supraglottic, glottic and
subglottic. depending on the site of origin of the tumour.

Glottic tumours
Carcinoma of the true cord is the commonest form of intralaryn-
geal growth. It presents early with hoarseness, is easily assessed
by direct examination, and has the best prognosis. However.
i nvolvement of the anterior commissure with spread to the other
side worsens the prognosis. More extensive involvement of the
thyroid or arytenoid cartilages or subglottic spread are even worse
prognostic features and may require total laryngectomy at an early
stage.

Supraglottic tumours
These are best assessed endoscopically, but may be shown by
their ragged appearance on a plain lateral neck view. Growths
arising in the vallecula or ill the ventricle of the larynx may be
apparent on endoscopy or confirmed by biopsy. CT or MRI may

Fig. 47.20 An anterior web in the upper oesophagus in a patient with
the Paterson-Brown Kelly syndrome.

Chondromas These arise from one of the laryngeal or tracheal
cartilages and show a typical appearance on CT with speckled
calcification (Fig. 47.22).

Plasmacytoma This appears radiologically as a smooth, rounded
tumour, homogeneous in consistency and often indistinguishable
from carcinoma of the larynx. The larynx and upper air passages
are the commonest site for extramedullary plasmacytoma to
develop.

Fig. 47.21 Retrocricoid carcinoma affecting the upper 4 cm of the
oesophagus as well as the hypopharynx (arrows). Note the spill-over of
barium into the larynx and trachea.

Fig. 47.19 The STIR sequence in the sagittal plane showing a hypopha-
ryngeal carcinoma extending into the base of the tongue (arrows).



he of help by demonstrating invasion of the base of the tongue,
obliteration of the ventricle, and erosion through the thyroid
cartilages into the thyroid gland (Fig. 47.23). Supraglottic cancers

tend to spread directly to the upper deep cervical lymph nodes
(Fig. 47.24).

Subglottic tumours
These arc the least common type. The undetsurface of the cord is
the usual site of origin and subsequent involvement of the vocal
cord occurs. This region is difficult to assess endoscopically; MRI
and CT may help by showing asymmetry (Fig. 47.25). Immobility Fig. 47.23 (A) Carcinoma of the larynx eroding the thyroid cartilage and
of the cord results from neoplastic infiltration or from paralysis of extending into the soft tissue of the neck shown on an axial T section
the nearby recurrent laryngeal nerve. The most important role for (arrow). (B) A gradient-echo FLASH section with gadolinium enhancement

CT is to show invasion of the cartilaginous skeleton of the larynx showing extension of a laryngeal carcinoma into the base of the tongue

by the tumour. Such involvement is a strong indication for total
(arrow).

l aryngectomy. Gross involvement of the thyroid laminae is usually
obvious on CT, but minor degrees of destruction by tumour inva-
sion may be difficult to evaluate, as normal thyroid laminae may
show considerable unevenness of density. This may give rise to
both false positives and also false negatives in interpretation. The low-density fascia] planes around the upper aerodigestive

Another feature, which has been associated with invasion of the tract are readily identified by CT and provide important clues to

cartilages confirmed after surgical excision of the larynx, has been the situation, extent and occasionally the diagnosis of benign and

the presence of increased density and ossification. This may involve malignant lesions. The normal anatomy of this region is shown in

the arytenoid, cricoid and thyroid lamina. Extension of tumour into Figure 47.4.

the soft tissues, laterally to the larynx or into the base of the tongue,
i s shown best with MRI. As with lesions of the oropharynx, T, axial Magnetic resonance
sections are followed by a fat suppression sequence. Lymphomas This provides an alternative, probably better, means of imaging
and reticuloses are also best shown by fat-suppressed sequences the soft tissues of the neck. MRI (either spin-echo or gradient-

and usually show extensive lesions (Fig. 47.26). echo pulse sequences) readily demonstrates most vascular struc-

Fig. 47.22 A chondroma arising from the tracheal cartilage and
obstructing the airway, well shown on this sagittal T,-weighted MR section.
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Fig. 47.25 CT section just below the true cords shows a squamous
carcinoma distorting the normal oval shape of the subglottic airway and
eroding the thyroid cartilage anteriorly (arrows).

tares as well as tumour vascularity. Differentiation of the parotid
from extraparotid masses is also more reliable by MRI. A head-
coil is usually satisfactory and T,-wei(Thted axial views are used
i n the first instance. T,-weighted protocols usually give a stronger
signal from the tumour and are better able to differentiate tumour
from muscle. Coronal images arc best for demonstrating any
i ntracranial extension of tumour, especially with gadolinium
( Fig. 47.12). Sagittal and coronal views are helpful in discerning
the position of the mass in relation to the carotid and jugular
vessels.

I. Bronchial cleft c_v.ct.c, usually of second arch origin and
appearing deep to or along the anterior border of the sternomastoid
muscle in young patients, characteristically can he shown by ultra-

Fig. 47.26 Axial STIR section showing a lymphoma involving both tonsils
and neck nodes bilaterally.

sound or T o - weighted MRI to contain fluid (Fig. 47.27).
Sometimes, however, the branchial cyst is filled with protcinaceous
material and may then be indistinguishable from neuroma on CT or
MRI.

2. Lvmphungionurs (cystic hvgronur). Abnormal lymphatic chan-
nels and cysts in the neck of an infant show typical appearances of
l arge fluid-filled spaces on CT or MRI.



Fig. 47.28 High signal on T 2 - weighted axial section of haemangioma of
the infratemporal fossa with a component extending into the pharyngeal

airway (arrow).

Fig. 47.30 MR axial section of the skull base shows a pleomorphic
adenoma of the deep lobe of the parotid displacing the carotid artery

posteriorly (arrow). Note the absence of a fat plane between the gland and
the tumour. The very bright signal on this T2

protocol gave the lesion the

MR appearance of a mucocele (see Ch. 48) and was the result of mucoid
degeneration in the tumour.

Fig. 47.29 Coronal CT section showing a pleomorphic salivary adenoma
of the deep parotid lobe bulging into the nasopharynx and depressing the
soft palate (arrows). Note the way the pharyngeal muscles are displaced
medially by a well-defined mass, indicating that this adenoma did not arise

from an accessory pharyngeal salivary gland.

Fig. 47.27 A small fluid-filled branchial cyst (asterisk) gives high signal on

a T 2 -weighted axial section of the neck.

3. Haemangiomas, like lymphangiomas, are usually present at

birth or appear within the first few years of life. Although the pres-

ence of phleboliths in cavernous haemangiomas shows as typical

round opacities on CT, nevertheless large well-defined areas of high

signal on T,-weighted MR pictures in any area of the neck or sali-

vary tissue arc characteristic of haemangioma (Fig. 47.28).

Parapharyngeal masses
Parapharyngcal masses in the anterior compartment anterior to the

styloid process and styloid muscles are usually salivary i n origin.

They arise in the deep lobe of parotid, from a minor pharyngeal

salivary gland or from ectopic salivary cell rests. In such cases we

have found coronal CT particularly useful for showing a cleavage

plane between a deep lobe tumour and the pharyngeal musculature

(Fig. 47.29). The important differentiation between a mass in the

deep lobe of parotid and an cxtraparotid mass depends upon

whether or not a fat plane can be identified between the mass and
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the parotid gland, although this sign is unreliable if the tumour is
very large. All these masses in the anterior compartment tend to
push the carotid artery posteriorly (Fig. 47.30).

Post-styloid/carotid lesions
Lesions of the post-styloid or carotid space typically separate
carotid artery and jugulare vein, with the artery pushed forward and
the vein displaced backward and laterally. The rare glomus vagale

tumour i s the only tumour of the glomus and carotid body group,
also called chemodectoma or paraganglioma, which arises primar-
ily in the parapharyngeal region. A glomus jugulare tumour may,

however, extend down from an eroded jugular fossa, or a carotid

hods' tumour may extend up from the carotid bifurcation.
(Fig. 47.31). These tumours, arising within the carotid sheath, are

Fig. 47.33 Axial enhanced T, section at the level of the thyroid gland
showing a peripherally enhancing typical small neuroma (arrow) lateral to
the carotid artery.

usually large at the time of examination and have obliterated the
surrounding fat planes on CT. MRT is diagnostic for rare aneurysms
within the carotid sheath (Fig. 47.32).

Neurogenic tumours (neuromas and ganglioneuromas) are the
other masses which arise within the carotid sheath. Typically they
separate carotid and jugular, with the vein displaced backward and
l aterally. Differentiation from glomus tumours is important.
Characteristically neuromas shown by CT have some degree of
enhancement, often with a low-density centre (Fig. 47.33).
Branchial cysts also have a typical low-density centre unless they
are filled with proteinaceous material, when they can be indistin-

Fig. 47.31 Sagittal T 1 section showing a typical carotid body tumour at
the bifurcation of the internal and external carotid arteries. Note the flow
voids showing that this is a very vascular tumour.

Fig. 47.34 Axial MR of an invasive malignant lymphoma infiltrating the
parotid, back of the masseter (large arrow) as well as the muscle of the

Fig. 47.32 Aneurysm within the carotid space appears as a well- back of the neck (T1 -weighted image). Note the slight anterior displace-
circumscribed round mass, mostly black from flowing blood but with areas ment of the carotid artery (small arrow) and obliteration of the internal
of high signal representing blood clot. j ugular vein when compared with the normal side.



Fig. 47.36 This axial CT section with contrast enhancement illustrates
several points. The patient has an anaplastic carcinoma from an unknown
primary. On the left the bolus injection has demonstrated the normal
carotid (c) and internal jugular vein (v). On the right the parotid gland
(P) has been largely replaced by an affected node which is isodense with
the surrounding musculature. Another large, clinically inapparent, node lies
medially with compressed vessels surrounding it, thus indicating that this is

Fig. 47.35 Axial enhanced CT section of a supraglottic laryngeal a node lying within the fascial sheath surrounding the neurovascular
carcinoma (white arrow) with multiple nodal metastases (black arrows). bundle. A neuroma of the vagus or accessory nerves will produce similar
a = carotid artery; v = internal jugular vein. vessel displacement.

guishable from neuronuas on CT or MR. It is rarely possible to that the parapharyngeal spaces were obliterated in over 80% of the
predict the type of tumour occurring in the parapharyngeal region. malignant tumours. Moreover, these become visible again follow-
Sometimes very low attenuation values will suggest a lipumn or i n ,, successful radiotherapy in some cases. Thus CT may provide a

teratoma containing much fat, while calcification within the turnout -

i ndicates a probable meningioma, presumably extending from the
skull base.

Obliteration n/'the Jiiscial planes is established as the most
i mportant contribution of CT to the investigation of malignant
tumours of' this region, especially those arising in the nasopharynx
and not identified by endoscopy and biopsy. Guidance for the
surgeon as to the best approach for a positive biopsy is a new and
i mportant contribution CT makes to the management of these
difficult cases. In one series (Mancuso & Hanafee 1983) there were

1 9 mucosally inapparent carcinomas of the upper aerodigestive
tract out of more than 160 cases examined. The same authors found
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Thyroid disorders present either with disturbances of function, or
with abnormal local anatomy lumps or nodules in the neck.
Radionuclide imaging is used to demonstrate the functional attrib-
utes of anatomically normal or abnormal tissue in the neck and to
characterise abnormal thyroid tissue elsewhere.

and the radiation dose delivered is relatively low. Pertechnetate is less
suitable for assessment of thyroid function than it is for imaging, as
uptake measurements cannot reliably separate normal from hypo-
functioning glands, although hyperfunction can be recognised.
Iodine-123 is preferred for imaging retrosternal or ectopic thyroid
tissue, in neonatal or childhood hypothyroidism, and in the follow-up
of patients who have had surgery for thyroid malignancy.

I ndications
Thyroid scintigraphy may be valuable:

• i n thyrotoxicosis, to distinguish diffuse toxic goitre (Graves'
disease) from autonomous toxic nodule (Plummer's disease)

• with a mass in the neck, tongue or mouth, to identify its relation
to the thyroid

• i n the presence of a goitre or nodule, to determine the number
and activity of thyroid nodules

• to detect ectopic, lingual or mediastinal thyroid
• to monitor the progress of thyroiditis
• to find functioning thyroid metastases
• when occult thyroid malignancy is suspected; for example, in

patients presenting with metastatic disease of uncertain origin.

Because of the greater sensitivity of the child's thyroid to radia-
tion, studies in children are performed with particular caution. Both

i odide and pertechnetate cross the placenta and they are both
secreted in milk, so thyroid imaging is relatively contraindicated

during pregnancy and lactation.

Preparation
I maging may be severely impaired if the patient is undergoing treat-
ment with thyroid supplements or has received a high iodine load.
Use of radiographic contrast media may depress the uptake of
i odine by the thyroid for up to a month, so imaging studies should
be scheduled accordingly. Patients on thyroxine should be switched
to T 3 about a month before the study is scheduled, and the T 3

stopped for a few days immediately before the study. Carbimazole
and related antithyroid drugs need not be stopped, as they do not
i nterfere with the uptake of iodide, only with its organification.
Long-term treatment with amiodarone may also impair thyroid
i maging because of the iodide loading it induces.

I mage acquisition
Either 1 '- 3 1-labelled sodium iodide (20 mBq) or 9` , Tc-sodium
pertechnetate (80 mBq) is given intravenously. With

"31.
i mages are

Which agent? obtained 2-3 h later, while with ''"'Tc-pertechnetate images are

Certain anions are selectively trapped by the thyroid (and also by obtained about 20-30 min postinjection, using a high resolution or

the salivary glands, gastric and colonic mucosa, and the choroid pinhole collimator. Markers indicating the position of the thyroid

plexus of the brain). After trapping, only iodide is organified-the cartilage and sternal notch are helpful and additional markers may

other anions are released by the gland without being further be used to indicate the site of palpable nodules in the neck. Oblique

metabolised, and this discharge can be promoted by giving potas- views may clarify dubious nodules and a lateral view of the neck

siuni perchlorate. One of the anions treated in this way is pertech- should he added if ectopic thyroid is suspected.

netate (TcO 4 ) so
vv

"'Tc in the form of sodium pertechnetate is
suitable for thyroid imaging, as a substitute for iodine. Iodine has Normal appearances
2.5 isotopes, only one of which ( 1 27 1) is stable-the rest are radio- The left and right lobes are approximately equal in size, although a

active. 1 31 1 i s favoured for therapeutic PHI-poses because of its beta minor degree of asymmetry is acceptable (Fig. 47.38). Each lobe

emission and a half-life of 8 days. For imaging, I 'll has the most measures up to 7 cm in craniocaudal length, and up to 3 cm in

favourable properties, including a half-life of about 13 h, no beta width. Uptake of the tracer is uniform, and at least equal to

emission, and a principal gamma emission at 159 keV. (9'1"TcO4 ) or slightly more (''-3) than uptake in the parotid and sub-

Pertechnetate is widely used for routine thyroid imaging as a sub- mandibular glands. In occasional cases, a small pyramidal lobe is

stitute for iodide because "(
1

1"Tc i s readily available and inexpensive, visible, close to the midline.

tool for monitoring tumour response. As with benign lesions,
malignant tumours of the neck are best imaged by MR with its
superior density resolution. Carcinoma tends to have a low signal
(long T,) on T,-weighted images and may he difficult to differenti-
ate from surrounding muscle, although it will be clearly outlined
by adjacent fat planes (Fi( , . 47.34). On T,-weighted images the
tumour has varying degrees of high-intensity signal and is better
differentiated from muscle. This is especially important for the
tongue.

Staging of neoplasms of the neck is dependent on assessing evi-
dence of metastatic spread to the lymph nodes and at present CT is
preferred to MRI for this (Fig. 47.35). Most authorities recommend
the administration of large doses of iodine-containing contrast
medium when assessing lymph node involvement, but enhancement
i s variable and prominent nodal rim enhancement may indicate

spread outside the capsule of the node. An enhanced scan at parotid
l evel of a patient with an anaplastic carcinoma from an unknown
primary is shown in Figure 47.36 and illustrates some of the advan-
tages and limitations of this technique.

I nflammatory disease
Infection of the soft-tissue spaces of the neck, and particularly the
mastication space, is usually of dental origin. The infection may he
localised initially but the disruption of fat planes, multispace
involvement, or fluid collections suggestive of necrosis and abscess
formation soon occur. These features are best demonstrated by MRI
(Fig. 47.37) but accompanying osteomyelitis needs to be shown by
CT.



Fig. 47.41 (A,B) Multinodular goitre. Two patients with enlarged
thyroids showing areas of increased and reduced activity.

Fig. 47.39 Graves' disease. Three patients showing diffusely increased
thyroid uptake with 113 1 (A) and with 99

"'Tc0 4 (B, C). A pyramidal lobe
(arrow) is also shown in (C).

Fig. 47.40 (A-C) Autonomous nodules. Three patients with solitary 'hot'
nodules of overactive thyroid tissue and relative suppression of the remainder
of the gland.Fig. 47.38 Thyroid/parathyroid scintigraphy. Normal thyroid uptake of

99 `TcO 4 (A) and
99

"'Tc-MIBI (B). (Note: the normal parathyoids are not
visible.)

such nodules have a higher incidence of malignancy than similar
nodules in a non-toxic gland.

I n patients with a solitary autonomous nodule, the remaining
thyroid tissue may be suppressed to the degree that it is invisible on
scintigraphy. If surgery is contemplated in such cases, it is wise first
to perform repeat scintigraphy after 3-4 days stimulation with daily
doses of thyroid stimulating hormone (TSH) in order to confirm
that the residual thyroid is functionally intact.

Thyroid nodules
The object of imaging is to discriminate between the vast majority of

i nnocent nodules and the small proportion that are malignant. Their

i ncidence increases with age, such that 5-6`70 of patients over 60 have
clinically apparent nodules, and autopsy or careful ultrasound exam-

i nation will show that many more older patients have nodular changes

that are clinically occult. More than 80 (/( , of thyroid nodules show
reduced or absent activity on scintigraphy, and most of the remainder,
which show normal or mildly increased activity, are non-toxic.
Malignancy is inure likely in male patients, in those under 20 or over
60 years, in those with a family history of thyroid cancer, and in
patients who have previously undergone irradiation to the head and
neck. Solitary nodules are thought to have a higher incidence of
malignancy than multiple nodules, and other pointers to malignancy
include hardness to palpation, rapid growth, laryngeal nerve involve-
ment causing hoarseness, and the enlargement of lymph nodes in the
neck. About half of patients with nodules that appear clinically to be
solitary will have multinodular thyroids shown by imaging.

Thyrotoxicosis
The main contribution of scintigraphy is to discriminate between
diffuse toxic goitre (Graves' disease), which accounts for over 80%
of cases of thyrotoxicosis, and autonomous toxic nodule (Plummer's

disease), which accounts for 10-I5% of cases. In Graves' disease
the gland shows diffusely increased uptake of either OS°'TcO 4 or `1,
and a pyramidal lobe is more often apparent than in euthyroid
patients (Fig. 47.39), while autonomous toxic nodules appear as
i ntensely active foci within a thyroid which is partly or totally s-
uppressed (Fig. 47.40). Scintigraphy may also demonstrate the
small proportion of patients in whom Graves' disease arises in a pre-
existing multinodular goitre (Fig. 37.41). In those cases where the
gland is not enlarged, scintigraphy may also demonstrate an
impalpable nodule, or Graves' disease in a normal-sized gland.

The importance of establishing the underlying cause is related to
the different treatment chosen. Surgery is much more likely to be
considered for a solitary nodule. I'll therapy for a solitary nodule
requires a larger dose of activity than is used for Graves' disease,
and in either condition the calculation of the therapeutic dose can
be guided by measurement of the uptake of a diagnostic (imaging)
dose. Finally, the demonstration of a cold nodule within a toxic
gland is an indication for fine-needle aspiration (FNA) biopsy, as
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Fig. 47.44 Ectopic thyroid. Three patients with no functioning thyroid in
the neck: (A) a typical lingual thyroid in a child-the arrow indicates gastric
mucosal uptake; (B) submandibular ectopic thyroid which presented as a
mass in adult life; (C) ectopic thyroid tissue developing in the line of the
thyroglossal duct.

Neonatal hypothyroidism
Scintigraphy is helpful to show the presence of ectopic thyroid
tissue, which is seen in 40-50% of cases, or to demonstrate the
absence of thyroid tissue, which is the underlying problem in
30-40% of cases. In a small minority the thyroid may be shown to
he anatomically normal. The presence of either orthotopic or
ectopic thyroid tissue is of prognostic value, as in such infants the
functional deficit may be transient rather than permanent.

Perchlorate discharge test
I maging does not discriminate between iodide that is trapped in the
thyroid and that which has been both trapped and organified.
Disorders characterised by a failure to organify the trapped iodide
(of which the most common is Pendred's syndrome) can be recog-

nised by obtaining serial images of the thyroid, giving first the usual
diagnostic amount of I' ; 1, and 2 h later giving sodium or potassium

perchlorate, which rapidly discharges the unbound iodide from the
gland. The normal gland will retain that proportion of the iodide
which has been bound, whereas with an organification defect most

of the thyroid activity will be eliminated.

Thyroiditis and colloid goitre
Diagnosis of both Hashimoto's disease and subacute (de
Quervain's) thyroiditis is primarily clinical and biochemical.
Scintigraphy provides supplementary anatomical and functional
definition of the condition, and may be used to monitor changes in

the size or activity of the gland which occur either in response to
treatment or during the natural history of the disease.

Subacute thyroiditis is a self-limiting condition in which pain,
tenderness and swelling of the thyroid are accompanied by a mild
degree of thyrotoxicosis, caused by the leakage of stored hormones
within the thyroid rather than by excess production. Scintigraphy

shows a large thyroid with diffuse activity, which may be normal,
mildly increased or mildly decreased. Increased activity usually

returns to normal after a few months.
Hashimoto's disease is a long-term condition which does not

show the more acute symptoms and signs seen with de Quervain',
thyroiditis. The thyroid is usually enlarged but tracer uptake may be

diffusely increased or reduced, may show a nodular distribution, a
focal defect, or unilaterally reduced function (Fig. 47.43C).

In `simple' colloid goitre, scintigraphy typically shows diffuse
enlargement with normal or mildly reduced activity throughout.

Fig. 47.43 Solitary 'cold' nodules in three patients subjected to FNA.
(A) Benign non-functioning adenoma (arrow); (B) carcinoma (arrows);
(C) chronic thyroiditis affecting only the right lobe.

Fig. 47.42 (A,B) Multinodular goitre with hyperactive nodules. Two
patients with multiple nodules of increased activity.

Scintigraphy, ultrasonography and FNA biopsy are used in con-
junction to discriminate between solitary and multiple nodules,
between solid and cystic nodules, and between active and inactive
nodules (Fig. 47.42). Solid inactive nodules have the highest risk of
malignancy, so these should be biopsied, but some current approaches
suggest that FNA biopsy should be the first procedure for all nodules
that are clinically apparent in the cuthyroid patient (Fig. 47.43).

Ectopic thyroid
Ectopic thyroid tissue may lie along the line of the thyroglossal duct
or adjacent to it. The presence of a normally situated thyroid gland
does not exclude the possibility of ectopic thyroid, although in other
cases the ectopic tissue may be the only functioning thyroid, and in
such cases its removal is undesirable. Most commonly, ectopic
thyroid presents in childhood as a nodule or mass at the base of the

tongue, but it may also present in adult life (Fig. 47.44). For
i maging, 1 '-3 is preferable to 95 "'Tc because it shows greater uptake

i n the thyroid compared with the salivary glands.
' Retrosternal' thyroids are commonly posterior to the trachea in the

superior mediastinum, and are usually extensions of a multinodular

goitre in the neck. Again, 2 'l is superior to 9""'Tc for imaging, this

time owing to the much lower background activity in the rest of the
mediastinum when iodine is used. Most mediastinal thyroids will
show moderately reduced or normal levels of activity, but occasionally
they are inactive and biopsy is needed for diagnosis.



The preferred radiopharmaceutical for parathyroid imaging is

currently 9`'"' Tc-methoxyisobutyl-isonitrile (MIBI), an agent which
i s specifically extracted by myocardial tissue and also by the
parathyroids. Like all other radioactive tracers that are known to be
taken up by the parathyroids, MIBI is also taken up by the thyroid.
but the tracer is retained more avidly in parathyroid tissue.
Thallium-201, as thallous chloride, was also widely used in the past

but 99,"Tc-MIBI is preferred because it has a lower radiation dose.
The cardiac agent 9t'"Tc-tetrafosmin also produces good results but

has no particular advantage over MIBI.
After intravenous injection,99mTc-MIBI i s taken up rapidly in

both thyroid and parathyroid glands, but washes out of the thyroid
over the next few hours, whereas parathyroid uptake is retained.

I mages obtained within the first 10 min after injection of 200 mBq
of sy'"Tc-MIBI may be compared with images obtained 3-4 h later.
After appropriate scaling for differences in count rate, subtraction
of the early from the delayed images will highlight parathyroid

l esions, as these retain the activity for longer than the thyroid tissue.
A better approach is to carry out a conventional pertechnetate

i mage of the thyroid after the MIBI images have been obtained,

Fig. 47.45 Carcinoma of the thyroid. Postresection appearances in two
patients with small nodules of residual thyroid tissue (A,B), and (C) a patient
with metastases in cervical and mediastinal lymph nodes (arrows).

This uncommon tumour, which accounts for about 10% of thyroid
malignancies, arises in the C cells of the thyroid, which originate in
neural crest tissue and belong to the APUD series. In the majority
of cases they secrete calcitonin but occasionally produce ACTH,
somatostatin, substance P or carcinoembryonic antigen. In about
20% of cases, MTC is part of the familial multiple endocrine neo-
plasia (MEN2) syndrome, along with phaeochromocytoma and
hype rparathyroidism. Diagnosis is usually made by biopsy, together
with measurement of circulating calcitonin levels. Scintigraphy
with iodide or pertechnetate shows one or more non-functioning
nodules, similar to the appearances of the adenocarcinomas.
I maging with the somatostatin analogue In-octreotide shows
i ncreased activity in MTC, but possibly the most sensitive tech-
nique is to use pentavalent `''"'Tc-DMSA. This agent shows fairly

Hyperparathyroidism is defined as persistent hypercalcaemia with
raised parathyroid hormone levels. If serum calcium is only mildly
elevated, renal function is normal and the patient has no related
symptoms, surveillance may he the most appropriate management,
particularly for elderly patients, but if active treatment is indicated,
surgery or image-guided alcohol ablation is performed. Experienced
surgeons should find and remove 95% of parathyroid adenomas at
the first operation. None of the imaging methods can improve on this,
so preoperative imaging is not recommended as a routine. Imaging

for localisation is now usually restricted to those patients whose first
surgical procedure fails to cure the disease, i.e. those with residual or
recurrent parathyroid lesions. An alternative view is that preoperative
l ocalisation simplifies and shortens the operative procedure, with
potential benefits for both patient and surgeon.

Well-differentiated papillary and follicular tumours usually take up
radio-iodine, but to a much lesser degree than normal thyroid.
Scintigraphically, thyroid cancer may present as a solitary cold nodule I maging is used to localise parathyroid adenomas, hyperplastic

within an otherwise normal gland, as a dominant cold nodule in a
glands or ectopic sources of excessive parathyroid hormone secre-

multinodular goitre, as reduced or absent function of an entire lobe, or
tion. Primary hyperparathyroidism results from a single adenoma

as diffusely reduced function affecting the whole of the gland. i n about 80% , of cases, from hyperplasia of all four parathyroids in

Carcinoma should he suspected when a cold thyroid nodule appears about 1 5%, and rarely from multiple adenomas or from carcinoma.

solitary, enlarges rapidly, is hard on palpation and is associated with
Secondary hyperparathyroidism is most commonly the result of

nodes in the neck. Poorly differentiated carcinomas take up little or no
chronic renal failure, and occasionally arises in patients with

radio-iodine but otherwise show similar features to the above chronic gastrointestinal disorders associated with calcium wasting

( Fig. 47.43B). After surgical removal of the primary tumour, surveil-
or chronic vitamin D deficiency. Tertiary hyperparathyroidism

l ance for recurrent disease in the neck and for distant metastases can
describes patients with chronic renal failure and secondary hyper

be carried out using whole-body imaging with 123J For whole-body parathyroidism, whose glands remain overactive after kidney trans

studies, the activity of iodide given is increased to 80 mBq.
plantation has restored good renal function.

Metastases from well-differentiated thyroid carcinomas, which take
up diagnostic doses of radio-iodine, may be treated with a much larger
dose of 1 31 1, following a diagnostic study to detect and localise the
lesions. In such cases it is important to confirm that all the normal
thyroid tissue has already been removed from the neck, otherwise
both the diagnostic and therapeutic doses will accumulate preferen-
tially in the residual normal tissue and the diagnostic sensitivity for
metastatic disease will be much less (Fig. 47.45).

Multinodular goitres show a patchy distribution of normal and specific uptake in MTC, with no uptake in follicular or papillary

reduced activity. Excessive iodine intake may produce a mildly tumours. Images 2-3 h after injection may show primary and

toxic diffuse goitre, and long-term administration of amiodarone metastatic sites of MTC. The main role of this technique is in the

can produce a similar condition. follow-up of patients after surgical resection of the primary tumour.
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without moving the patient. This then allows the thyroid to be more
effectively subtracted from the parathyroid plus thyroid combina-
tion that is shown on the MIBI images. A further technical
refinement is to obtain serial dynamic images after the MIBI injec-
tion, and to generate tine activity curves from the thyroid and from
nodules suspected of being parathyroid adenomas, in order to
demonstrate the difference in washout rates between thyroid and
parathyroid. It is important to use a high-resolution collimator, and
to include the superior mediastinum within the field of view, in order
that ectopic parathyroid adenomas may be recognised. Anterior
views are routine, obliques of the neck may be helpful in dubious
cases, and SPECT images may help to localise ectopic sites.

Findings
Normal parathyroid glands measure about 6 x 3 x 2 min and weigh
20-30 mg each. The smallest adenomas currently detected by imaging
are in the region of 150-200 mT, so normal parathyroid glands are not
shown (Fig. 47.38B). Adenomas are usually demonstrated as areas of
persistently increased activity adjacent to or overlapping the thyroid
( Fig. 47.46). Differential clearance of MIBI on early and delayed
i mages, or on a dynamic sequence, helps to differentiate parathyroid

Fig. 47.48 (A-C) Mediastinal parathyroid adenomas. Three patients with
mediastinal adenomas shown on 99 "Tc-MIBI imaging.

adenomas from normal thyroid tissue (Fig. 47.47), and subtraction of
an additional thyroid image is also helpful, particularly in cases where
the thyroid is itself abnormal. Hypcrplasia is shown as multiple warm
or hot nodules distinguishable from adjacent thyroid tissue. Ectopic
adenomas are usually sited in the superior mediastinum, often
adjacent to the aortic arch (Fig. 47.48).

Results
The accuracy of radionuclide localisation of adenomas that are sub-
sequently removed surgically is in excess of 904. Since surgical
l ocalisation is at ]east as good as this, the main contribution of
i maging is in patients with persistent or recurrent disease in whom

the difficulties of localisation are greater. The results of parathyroid
scintigraphy are affected by the following:

• Adenomas are easier to find than hyperplasia.
• Preoperative patients are easier to image than postoperative

patients.
• Localisation is more successful in primary than in secondary

hyperparathyroidism.
• The presence Of a multinodular goitre reduces the chance of

successful localisation.

Finally, there is a rough correlation between the size of adenomas
and the severity of the biochemical disturbance they produce. Large
adenomas are more readily identified than small ones, so patients
with only marginal biochemical disease are less likely to benefit

from imaging than those with more marked disease.

New approaches
I nitial studies with positron emission tomography (PET) suggest that

i maging with 1 9F-fiuorodeoxyglucose (FDG) or with "C-methionine
i s likely to he more accurate than the conventional single-photon
agents in locating parathyroid lesions. The possibility of intraoperative
localisation using a hand-held gamma probe is also being explored.

Fig. 47.46 Parathyroid adenoma. 99 "'Tc-MIBI images at 10 min (A) and
3 h (B) showing a persistent focus of activity inferior to the right lobe of the
thyroid; °°^'TcO, image (C) shows normal thyroid uptake but the adenoma
i s not visualised.

Technical considerations
Cervical anatomy is clearly demonstrated by axial CT scanning. A
modified Valsalva manoeuvre during scanning will improve
i dentification of the airways and structures in the larynx. Angulation

Fig. 47.47 Parathyroid adenoma. Early 99 i°Tc-MIBI image (A) and 3 h
combined 9 Ji'Tc-MIBI and pertechnetate image (B) showing a small
parathyroid adenoma (arrows); time-activity curves from the 5-30 min
dynamic images (C) show gradual wash-out of activity from right and left
thyroid lobes while activity in the adenoma remains stable.



The neck is anatomically described as a series of triangles, the
major anterior and posterior triangles being separated by the stcr-
nomastoid muscle. The anterior triangle is further divided into
supra- and infrahyoid parts by the hyoid bone. The suprahyoid part
i s subdivided by the anterior belly of the digastric muscle into sub-
mental and submandibular triangles; this part of the neck contains

Fig. 47.50 (A) Large goitre with an unusually extensive posterior compo-
nent surrounding the trachea. (B) The coronal reconstruction shows the

the sublingual and suhnuindibular salivary glands and is further goitre extending down to the level of the aortic arch. There is only mild
described in Chapter 18. The infrahyoid neck is divided by the narrowing of the trachea.

Fig. 47.49 Maximum-intensity projection image from spiral CT dataset
showing severe stenosis of proximal internal carotid artery. The calcification
within the plaque is clearly seen.

of the scanner gantry toward the feet anteriorly can improve scans
through the tipper neck by removing the anterior mandible from the
scan plane and will also demonstrate the anterior lower neck with
l ess streak artefact from the shoulders. With multislice CT, however, The thyroid gland i s well seen on CT due to its higher than average
best results are obtained with a straight gantry and thin-slice colli soft-tissue attenuation, caused by the physiologically high iodine
oration (typically 1.0-2.5 mm). Coronal, sagittal and oblique-axial content of the gland. Thyroid adenomas and carcinomas are seen as
reformats can then be constructed from the dataset in postprocess- soft tissue masses within the gland: calcification and cyst formation
i ng. Intravenous contrast enhancement is best achieved with a lower
i odine concentration (around 200-250 mg I/nil) to reduce streak
artefact from undiluted contrast in the brachiocephalic vein.
Contrast reflex into small cervical veins is commonly seen and a
small air bubble in these veins from intravenous cannulation is also
common. Spiral or multislice acquisition with narrow collimation
during contrast infusion will allow subsequent workstation recon-
struction of vascular images, e.g. maximum intensity projections of
the carotid arteries (Fig. 47.49). Since skin entry radiation doses
from a single CT scan of the neck are typically in the region of
20-40 mGy, a clear clinical indication for the examination is
required to justify the consequent thyroid radiation dose.

superior belly of the omohyoid muscle into an anterior muscular
triangle and a posterolateral carotid triangle.

The posterior triangle is divided by the inferior belly of the
omohyoid muscle into an inferior subclavian triangle and a superopos-
terior occipital triangle. These triangles are used clinically to identify
the sites of pathology and surgical approaches. The boundaries of the
triangles are apparent on CT scanning and should he referred to when
localising lesions. In addition to the triangles described above, the
neck is divided into spaces by several fascia] planes. These planes
form boundaries which may confine or guide the extension of disease,
and the space involved may also indicate the likely site of origin and
differential diagnosis of a lesion. The ( arolid space contains the

carotid artery, jugular vein, Xth nerve, sympathetic chain and deep
cervical lymphatics. It is surrounded by the carotid sheath from the

deep cervical fascia. This space extends from the skull base to the arch
of the aorta. The visceral space lies medial to this and crosses the

midline. It is invested by the middle layer of the deep cervical fascia
and contains the larynx, trachea, thyroid and parathyroid glands,
hypopharynx and oesophagus, paratracheal lymph nodes and the
recurrent laryngeal nerves. The visceral space extends from the hyoid

to the mediastinum. The posterior cervical space i s posterior to the
carotid space and corresponds largely to the posterior triangle. It
extends from the skull base to the clavicle and contains the XIth

nerve, lymphatics and the brachial plexus. The renophortn,geu/ space

lies between the middle and deep layers of the deep cervical fascia.
posterior to the visceral space. It extends from the skull base to the

mediastinum and contains a layer of fat. The prevertehral space lies

within the deep layer of the deep cervical fascia and therefore includes
the cervical spine, its contents, the emerging cervical roots (including
the phrenic nerve) and adjacent (prevertehral, scalene and paraspinal)
Musculature from the skull base to the mediastinum.
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i s seen in both types of lesion and CT cannot reliably distinguish
benign from malignant thyroid masses unless metastatic disease,

bone or cartilage destruction or neurological involvement is identified
i n the latter. Iodine-containing contrast enhancement may prevent
subsequent radioactive iodine treatment of thyroid carcinoma for up
to 6 months: CT is therefore not recommended for staging thyroid
carcinoma. Thyroid carcinoma or lymphoma may be seen as an
infiltrating soft-tissue mass extending from the thyroid. The retroster-
nal extent of thyroid goitres can he demonstrated (Fig. 47.50).

Parathyroid adenoma
Parathyroid adenoma can he localised on CT (Fig. 47.51), but
MRI, ultrasound or radionuclide imaging are the preferred tech-
niques when preoperative imaging is required. CT can identify
ectopic parathyroid adenomas in the neck or upper mediastinum.

Proximal oesophageal and laryngeal carcinoma are usually diag-
nosed though barium studies (in the former) or endoscopic tech- Fig. 47.53 (A) Carcinoma of the larynx eroding through the right
niques. CT, however, is useful for overall tumour staging, including thyroid cartilage (arrow). (B) The coronal reconstruction shows the supero-

demonstration of local involvement, nodal status and metastatic i nferior extent well.

disease (Figs 47.52, 47.53).

Masses in the carotid space
Masses in the carotid space are usually closely applied to the
carotid or jugular vessels. Inflacnnatory adenopathy; abscess or tuber-
culous ode'itis can develop here, as will netasialic adenopathy to the

Fig. 47.54 Markedly enhancing metastatic node from a follicular
carcinoma of the thyroid (arrow). The primary tumour has already been
treated by surgical resection and local radiotherapy.

deep cervical chain from squamous carcinoma, thyroid carcinoma
(Fig. 47.54), lymphoma or other primary tumours. Metastatic nodes
are diagnosed by size, being over 1-1.5 cm in diameter.

Micrometastases within normal-sized nodes cannot be identified
but cystic change within a metastatic lymph node is typical of a
squamous-cell carcinoma metastasis (Fig. 47.55). Primary benign
tumours in this space include the carotid body tumour or paragan-
glionoma (Fig. 47.56), which characteristically shows marked
contrast enhancement, and neural sheath tumours. Second bronchial
cleft cysts, although rare, may also be in the carotid space
(Fig. 47.57). As previously noted, spiral or multislice CT is a non-
invasive way of directly imaging the carotid arteries and assessing
severity of stenosis. Unlike Doppler ultrasound or MR angiography,
CT is sensitive to plaque calcification.

I nflammatory adenopathy
In flanrmatoi.v adenopathy in the posterior cervical chain of the
posterior cervical space may occur from similar pathologies to

Fig. 47.52 Axial (A) and sagittal (B) views of extensive proximal
oesophageal carcinoma. Ring-enhancing lymph nodes are seen displacing
the left thyroid lobe anteriorly.

Fig. 47.51 Cystic parathyroid adenoma (arrow).



Fig. 47.55 Metastatic squamous carcinoma in right-sided cervical lymph
node. Note the central cystic change, characteristic of squamous carcinoma
metastasis (arrow).

those in the carotid space. Malignant adenopathv also occurs here,
with nasopharyngeal squamous-cell carcinoma nietastasing to these
nodes. Lymphoma may also involve these nodes. The posterior cer-
vical space is the commonest site for a lipomo to develop in the
head and neck, with characteristic internally featureless fat density
on CT. Ctslic hvgroma i s seen as a water density. multiloculate
l esion in this space (Fig. 47.58).

The retropharyngeal space
The retropharyngeal space below the level of the hyoid contains
only fat: primary tumours of this region arc therefore rare but the

space can act as a channel for the spread of tumour or infection
from the neck to the mcdiastinum.

The prevertebral space
The prevertebral space i s most commonly affected by pathology
extending from a cervical vertebral body or intervertebral disc-
metastatic disease and infections are the most likely lesions.

Assessment of the CT images on appropriate bone and soft-tissue
windows is therefore necessary.

The brachial plexus crosses several spaces in its development

from roots through to branches. Careful tracking of the anatomical
site of the plexus through contiguous sections from the level of the
hyoid bone down to the level of the aortic arch is needed if a
brachial plexus lesion is suspected.

Fig. 47.56 (A) Carotid body tumour showing marked contrast enhancement (arrow). (B) Surface-shaded reconstruction with posterior oblique viewpoint
showing anatomical relationship of the tumour.
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aged on ultrasound. The normal thyroid appears of uniform
reflectivity. Adjacent muscles are of lower reflectivity and the
thyroid capsule of higher reflectivity. Vessels within the gland are
well seen. Ultrasound may be used to assess a thyroid swelling.
giving information about size, number and nature (solid or cystic).
There are, however, no absolute criteria which allow differentiation
of benign from malignant lesions. Cystic areas occur in 24% of
thyroid masses, with 38 9

// of malignant lesions having a cystic com-
ponent. Well-defined margins are seen in 16% of malignant lesions,
with irregular or ill-defined margins seen in approximately 45% of
benign lesions. Calcification and haemorrhage occur in both benign
and malignant conditions.

Benign cysts
True epithelial thyroid cysts are rare. Most cysts arc due to cystic
degeneration of thyroid adenomas and as such a simple cyst
(Fig. 47.59) on ultrasound is very uncommon. Most cystic lesions
on ultrasound will have irregular thick walls with solid compo-
nents. The presence of a comet-tail sign on ultrasound has been
said to be a highly specific sign of a benign colloid nodule
( Fig. 47.60).

Thyroid adenoma
These can be divided into functioning and non-functioning nodules
using radionuclide imaging but no such distinction can be made
using ultrasound. Toxic adenomas rarely cause clinical symptons
until they are greater than 3 cm in size. There are no specific
i maging signs and nodules may be solid or cystic (as described
above) and may be heterogeneous, containing calcification and/or
haemorrhage. Peripheral and coarse calcification is more frequently
seen in benign nodules (Fig. 47.61). Generally, vessels will be seen
on colour flow Doppler around nodules (Fig. 47.62), with some
flow being appreciated within most nodules.

Multinodular goitre
A goitre is an enlarged thyroid gland. A multinodular goitre is the
commonest pathological condition of the thyroid. The incidence of
malignancy in a multinodular goitre is low but cytology should be
performed of any nodule that is large, dominant or hard or is
growing. The characteristic ultrasound appearance of a multinodu-
l ar goitre is of mixed solid and cystic areas within an enlarged
gland, with or without calcification. Multinodular goitres may reach
an enormous size, extending well into the mediastinum and up into
the neck, causing airway and oesophageal compression.

The thyroid consists of a right and left lobe joined by a narrow
i sthmus. A further lobe, the pyramidal lobe, is seen in approxi-
mately one-third of the population. Arising from the isthmus, it
extends upwards either in the midline or to the left of the midline,
l ying anterior to the thyroid cartilage. It is small and rarely appreci-

Ultrasound of the neck should be performed using a linear probe. A
7.5-10 MHz probe is appropriate for most examinations but a
5 MHz probe may be necessary for deeper structures, such as the
deep lobe of the parotid, or for the well-built patient.

Fig. 47.58 Multiloculate cystic hygroma lying posterior to the
sternomastoid muscle (asterisk).

Fig. 47.60 Ultrasound of a
large cystic mass within the right
lobe of the thyroid demonstrates
small focal regions of increased
reflectivity with 'comet tails' due
to a colloid cyst.

Fig. 47.59 Longitudinal ultrasound
scan through the left lobe of the
thyroid demonstrates a simple cyst.

Fig. 47.61 Ultrasound scan of the thyroid in a patient with thyrotoxicosis
reveals a mutlinodular gland with an area of coarse calcification.
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thyroid cancers. It is a predominantly solid tumour which is com-
monly hyperechoic and homogenous. Calcification is rare and a halo
is commonly present. It usually demonstrates a chaotic internal vas-
cular pattern on colour flow Doppler. Nodal involvement is much
less common but patients present more frequently with metastatic
spread to bone, lung, brain and liver. Anaplastic thyroid cancer is
very aggressive. It represents 15-20% of all thyroid cancers. It

usually presents with a rapidly growing thyroid nodule, often with
signs and symptoms of airway and oesophageal compression. The
mass is often hyoechoic, with areas of calcification seen in over half
of patients. It often has ill-defined margins and areas of necrosis are
frequently seen. There may be evidence of extracapsular spread and
adjacent vascular invasion. The outlook is dismal with nodal spread

and distant metastatic disease present in 80%.
Medullary carcinoma accounts for 5% of thyroid cancers. The

tumour arises from the parafollicular C-cells, which secrete calcitonin.
The tumour is associated with multiple endocrine neoplasia (MEN)
type 2a. The other conditions associated with this disorder are
phaeochromocytoma and parathyroid adenomas and/or hyperplasia.
There is a familial incidence of 10-20%. These tumours are more
likely to be multifocal and more aggressive than the non-familial type.
The thyroid tumours are usually solid on ultrasound, with echogenic
foci due to the presence of calcification in 80-90%. Intraturnoral
vessels are seen on ultrasound and have a disorganised pattern. Lymph
node involvement occurs in over 50%. These also frequently demon-
strate calcification. There is a tendency for bony metastatic disease.

Lymphoma
Lymphoma more commonly presents as a solitary mass (80%) but
multiple nodules are seen. A previous history of Hashimoto's thy-
roiditis is almost always present. Non-Hodgkin's lymphoma is
more common than Hodgkin's disease. Extracapsular extension is
common (50-60%) anfl vascular invasion is seen in one-quarter of
patients. Focal nodules are usually hypoechoic but may have a
pseudocystic appearance. Diffuse involvement may cause thyroid
enlargement with little detectable abnormality, or a heterogenous
pattern may be seen (Fig. 47.65A). There may be cervical lym-
phadenopathy (Fig. 47.65B).

Hurthle cell tumours
Hurthle cell tumours are very rare. They have been considered
benign lesions in the past but may exhibit malignant characteristics
with metastatic spread to lymph nodes and lung. This is seen more
frequently (80%) in lesions measuring greater than 4 cim in diame-
ter. The tumours are of mixed echogenicity on ultrasound, usually
solid and often ill defined with no calcification.

Fig. 47.63 (A) Transverse ultrasound scan of the lower pole of the right
lobe of the thyroid with a small hypoechoic mass (arrow). There is an adja-
cent level four nodal metastasis which is larger than the primary papillary
cancer and shows cystic change and abnormal vascularity (B).

The most common thyroid malignancy is papillary cell carcinoma,
which accounts for 55-80% of all thyroid malignancies. The majority
of patients are young females and it has a good prognosis. Papillary
carcinoma is often (77%) solid and hypoechoic on ultrasound
(Fig. 47.63) but may be isoechoic (14%0). The presence of calcification
or haemorrhage, which is not uncommon, causes areas of increased
reflectivity and there may be areas of cystic degeneration (20-30%)

within the tumour (Fig. 47.64). The tumour may be multifocal. Colour
flow imaging frequently demonstrates vascularity within the tumour
(Fig. 47.64) with multiple chaotically arranged vessels. Nodal metas-

tases occur in up to 50% at presentation. Like the primary tumour,
these may show cystic degeneration and calcification (Fig. 47.62).

Follicular carcinoma is relatively uncommon. It is not possible
to differentiate between follicular adenoma and carcinoma on
i maging, fine needle aspiration cytology (FNAC) or biopsy. The
only definitive sign for the histopathologist is microinvasion of the
capsule, and this is not seen by ultrasound. It accounts for 2-5% of

Fig. 47.62 (A) A solid nodule seen within the thyroid. (B) Colour flow is
seen around the periphery of this benign nodule.

Graves' disease is the commonest cause of hyperthyroidism. It
affects women more commonly than men. It is due to thyroid-
stimulating immunoglobulins such as long-acting thyroid stimulator
(LATS). These simulate the function of thyroid-stimulating hormone
(TSH), resulting in an enlarged homogeneous thyroid gland.

Fig. 47.64 Abnormal partially cystic mass within the thyroid in another
patient with abnormal vascularity proved to be a papillary carcinoma.



There are no specific imaging features to differentiate the varying
inflammatory processes that affect the thyroid gland. Acute suppu-
rative thyroiditis is rare, particularly affecting children. It may be
associated with a fourth branchial cleft anomaly. The patient will
present with painful thyroid swelling and fever. Abscess formation
is common and the role of ultrasound is to confirm this, demarcate
its boundaries and its relationship to the major neck vessels.

Hashimoto's thyroiditis
Hashimoto's thyroiditis is the most common chronic thyroiditis. It
i s much commoner in women and reaches a peak incidence
between the ages of 40 and 60 years. The disease is due to an
autoimmune process, with hypothyroidism at presentation or devel-
oping later in 50% of cases. The gland is enlarged and tender.
Acutely there may either be diffuse involvement of the gland,
which appears of decreased vascularity with multiple small nodules
within it, or there may be focal nodular thyroiditis with small
hypoechoic ill-defined nodules. In the chronic state the thyroid may
be enlarged and hypervascular, with multiple ill-defined hypoechoic
areas separated by echogenic fibrous septa. A small atrophic gland
is seen in end-stage disease.

Riedel's thyroiditis
Riedel's thyroiditis is rare. The disease may be uni- or bilateral and
is commoner in women. The presentation is usually with a rapidly
enlarging thyroid mass with compressive symptoms and the patient
is usually hypothyroid. The thyroid is diffusely hypoechoic on

Fig. 47.66 Ultrasound scan of the neck demonstrates a rounded mass of
l ower reflectivity than the adjacent lower pole of the thyroid in a patient
with hyperparathyroidism. This was removed and shown to be a parathy-
roid adenoma.

The parathyroid glands are derived from the third (lower pair of
parathyroid glands) and fourth (upper pair) pharyngeal pouches.
The majority of people have four glands but 25% have more than
this. The superior glands are more constant in position, lying along
the dorsal aspect of the superior pole of the thyroid laterally near
the recurrent laryngeal nerve. The lower glands have more varied
positions, lying along the dorsal aspects of the lower poles of the
l obes of the thyroid, but they can lie further away at the cervicotho-
racic junction and even within the superior mediastinum. The
normal parathyroids are difficult to visualise with ultrasound.

The main indication for imaging the parathyroid elands is during
the investigation of hyperparathyroidism, which is either caused by
an adenoma, usually affecting one gland, parathyroid hyperplasia,
i n which all glands are involved, or parathyroid carcinoma. Primary
hyperparathyroidism is caused by an adenoma in 80%, hyperplasia
i n approximately 20% and carcinoma is rare, occurring in P/c. In
many institutions the parathyroids are not routinely imaged before
the first surgical exploration. In good hands this will have a success
rate of over 90%.

Scanning should he performed with the patient's neck hyperex-
tended, as many parathyroid adenomas lie low in the neck.
Generally the abnormal parathyroid gland is of lower reflectivity
than the normal thyroid (Fig. 47.66) and the echogenic capsule will
separate one from the other. Calcification is rare in parathyroid ade-
nomas but may be seen in hyperplastic parathyroid glands and in
parathyroid carcinomas. Cystic change may be seen. Most lesions

Fig. 47.65 (A) Longitudinal scan through the left lobe of the thyroid in a
patient known to have Hashimoto's thyroiditis reveals a loose heteroge-
neous echotexture with abnormal colour flow. There are enlarged neck
nodes (B), again with abnormal colour flow in this patient who has devel-
oped lymphoma.

Metastatic disease
Metastatic disease i nvolving the thyroid is uncommon. The common
primary sites include melanoma, breast and renal cell carcinoma.

ultrasound. It may spread beyond the thyroid, obliterating soft-
tissue planes. It is associated with mediastinal and retroperitoneal
fibrosis, sclerosing cholangitis and orbital pseudotumour.

De Quervain's thyroiditis
De Quervain's thyroiditis occurs more commonly in women fol-
l owing an upper respiratory tract infection. In the acute state there
i s usually a tender ill-defined hypoechoic nodule and the adjacent
thyroid is heterogeneous. There may be diminished vascularity of
the thyroid. In the subacute phase the thyroid is swollen, tender and
hypoechoic. Enlarged neck nodes may be seen in both phases.
Patients usually recover within 6 months with medical treatment.
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(90%) are hypervascular unless they are small, measuring less than
I cm in diameter, or show cystic change. It has been suggested that
a combination of

99
"Tc scintigraphy and ultrasound may be the best

diagnostic tool for the preoperative diagnosis of primary hyper-
parathyroidism, with improved sensitivity and specificity and posi-
tive and negative predictive values. Other authors have suggested
that power Doppler may demonstrate prominent vessels feeding
parathyroid adenomas and can be used as `road maps' to the abnor-
mal glands.

The major salivary glands consist of paired parotid, submandibular
and lingual glands. Multiple minor salivary glands occur elsewhere
but especially in the hard palate and lateral pharyngeal wall. The Fig. 47.67 Ultrasound scan of a carcinoma ex pleomorphic adenoma of
parotid is the largest gland and the palpable superficial lobe of the the left parotid gland demonstrates a hyporeflective mass with scanty

gland lies over the ascending ramus and angle of the mandible. It colour flow within it.

rarely extends as far cranially as the zygomatic arch. The smaller
deep lobe extends through the stylomandibular tunnel between the
posterior edge of the mandibular ramus and the anterior borders of
the sternocleidomastoid muscle and posterior belly of the digastric
muscle. The deep portion of the gland is anterior to the styloid The inaccuracies in physical examination of cervical lymph nodes
process and the carotid sheath and thus lies in the prestyloid com- are well documented and all diagnostic imaging modalities have
partment of the pharyngeal space. The facial nerve runs through the been shown to have superior diagnostic accuracy. Ultrasound is
gland from the styloid foramen superiorly, dividing the deep from being increasingly used to assess cervical nodes. It has the benefits
the superficial lobe. The nerve cannot be identified on ultrasound of not using ionising radiation or intravenous contrast medium but
but it is important when examining a parotid mass to determine it is generally accepted that it is less able to stage most primary
whether the mass lies within the deep or superficial lobe because tumours at the same time, and deep lymph nodes, for example in
this may well alter the surgical approach. The retromandibular vein the retropharyngeal region, cannot be assessed by ultrasound. The
is an important anatomical landmark, lying medial and parallel to optimal size criteria to define pathological lymph nodes at ultra-
the nerve. There are usually three or four lymph nodes within the sound arc minimum diameters of 9 mm for level 2 nodes and 8 mm
parotid gland. The gland itself appears of homogeneous, fairly for the remaining levels. These measurements offer a sensitivity of
bright reflectivity. Intraparotid nodes are well defined, measuring 74% and specificity of 78%. The ratio of minimal to maximal axial
less than 5 mm in diameter with a reflective hilus. Stenson's duct is diameter has been reported to be a valuable predictor of malig-
about 7 cm long and is seen on ultrasound as parallel reflective nancy, a ratio of greater than 0.55 indicating malignancy, with a
lines. It should not measure more than 3 mm in diameter. The specificity of 63% and sensitivity of 92%.
normal duct is generally not visualised on ultrasound beyond the Ultrasound has potential advantages over MRI and CT in the
parotid gland itself. Intraglandular ducts may be seen as short evaluation of nodal shape, with its ability to rotate the probe at
reflective thin lines. ultrasound and select true minimal and maximal diameters.

The submandibular and lingual glands have a similar reflectivity Ultrasound also has the advantage of demonstrating the normal
to the parotid glands. Wharton's duct is about 5 cm long but has nodal architecture with the presence in the normal node of an
thinner walls than Stenson's duct and may not be seen in the normal echogenic lymph node hilum and surrounding hypoechoic cortex.
i ndividual. This has been shown to be helpful in distinguishing malignant from

Ultrasound may be used to determine whether a mass lies within benign normal-sized nodes. Central necrosis will be identified by
or outside the salivary glands and whether the mass is solid or
cystic. It may be used to guide FNAC, which will be needed to
suggest histological type. Benign lesions tend to have well-defined
margins on ultrasound. Pleomorphic adenomas, which are the com-
monest parotid tumours, are often homogeneous and hyporeflective
on ultrasound, often displaying through transmission. Some will
display colour Doppler flow within the lesion. Adenolymphoma
(Warthin's tumour) is rarely seen in the submandibular gland. It is
usually well defined with solid and cystic areas and may have a
multiseptated appearance. Lipomas can be more confidently diag-

nosed using CT or MRI but will appear well defined and hyper-
reflective on ultrasound. Malignant tumours are more commonly
seen in the smaller salivary glands. They have similar appearances
on ultrasound, with ill-defined margins and are hyporeflective Fig. 47.68 There is an abnormal neck node with a thick irregular wall
(Fig. 47.67) with a heterogeneous texture. Some low-grade malig- (arrow), cystic necrosis centrally with through transmission and abnormal
nancies may develop a pseudocapsule and thus appear well defined. vascularity on power flow Doppler.



Fig. 47.70 (A) Ultrasound scan of a neck node involved by lymphoma
i nitially demonstrates a cystic-appearing mass. (B) The scan has been
performed with increased gain settings and now some low-level internal
echoes are seen.
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areas of low echogenicity with posterior acoustic enhancement. The it to be the most accurate technique in staging both the clinically
rim of the node will usually be thick and irregular (Fig. 47.68). metastatic and normal neck. The major drawback of using ultra-
Coagulative necrosis can also give the appearance of a very hetero- sound in the staging of nodal metastases in the neck is the inability
geneous nodal architecture, with areas of increased reflectivity i n most cases to stage the primary site of disease. The presence of
within the nodes. The distribution of blood flow in lymph nodes has extracapsular spread of disease does have major prognostic implica-
also been evaluated using Doppler ultrasound. It has been shown tions but is also less well seen with ultrasound than with CT.
that areas of vascular sparring and isolated peripheral flow
(Fig. 47.69) are suggestive of malignancy. Ultrasound contrast
medium may contribute to such Doppler assessments in the future.
Nodes involved by lymphoma may appear of very low reflectivity
with through transmission and thus mimic cysts. Increasing the gain
settings will demonstrate low-level echoes within the node
(Fig. 47.70) and colour flow can be demonstrated within the node to
differentiate it from a cyst (Fig. 47.71).

The most promising contribution of ultrasound is in the guidance
of FNAC. This increases the specificity of ultrasound detection of
lymph node metastases to 100% but reported sensitivities remain
between 50 and 98%. These results do depend on whether the study
population includes patients with No necks (those patients who
clinically have no palpable disease), as these nodes will be smaller
and more difficult to aspirate. Some papers performing direct com-
parison of ultrasound-guided FNAC with CT and MRI have shown
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Plain films The indication and the need for plain X-rays in diagno-
sis and further management has declined over the last decade. Most
patients require a CT scan. There is still a limited role for plain
films of the paranasal sinuses in acute infection. The X-rays are
li mited to a single occipitomental (OM) view, which is considered
adequate for the basic assessment of the maxillary antra, the frontal
sinuses and the sphenoid sinus but is poor at excluding pathology of
the ethmoid air cells or providing fine bony detail.

OM view The patient sits facing the film and the radiographic
baseline is tilted 45°. The incident beam is horizontal and is centred
on the occipital bone, 3 cm above the external occipital protuber-
ance. This view shows the maxillary antra free of the overlap of the
petrous bones, and if the mouth is kept open during the examination
the sphenoid sinuses and the nasopharynx can be seen through it.

CT CT is the imaging modality of choice since the advent of func-
tional endoscopic sinus surgery (FESS). It is now mandatory and a
medicolegal requirement to evaluate the paranasal sinuses and nose
before FESS, as this provides a 'roadmap'. Excellent detail is avail- Fig. 48.1 SSCT showing the normal ostiomeatal complex. Incidental
able regarding the anatomy, anatomical variants and pathology. bilateral concha bullosa.The arrow points to the infundibulum and ostium.

Technique Coronal sections are used ideally for full evaluation The ideal scan thickness varies from centre to centre but we
of the nose and paranasal sinuses, especially as most present-day prefer to use 3-5 mm slice thickness to cover from the anterior
CT scanners allow postprocessing reformats for further views in margin of the frontal sinus to the posterior margin of the sphenoid
different planes if required. sinus. Thinner slice thickness of 2-3 mm reconstructed at I mm

There are occasions when axial reformat views are required to with various reformats can be utilised when helical CT is available.
help define the posterior ethmoid complex, the walls of the frontal There is no need for intravenous contrast (Fig. 48.1).
sinuses and the distance between the nasal aperture and the sphe- The radiation dose is kept to the minimum by use of low mA with
noid sinus ostium, and when parasagittal views are required to peak kV of 120. Images should be obtained at an intermediate setting
assess the frontoethmoid recess. The coronal scans have the added of about 2000-2500 HU window width, 200-350 HU window level,
benefit of reduction in radiation dose to the eyes.

The advent
as this provides details of bone and soft tissues on a single set of films.

of multislice scanning has enabled the acquisition of
a 3D volume block with isotopic voxels. This allows multiplanar MRI MRI is predominantly used for the pre- and postoperative

reconstruction. assessment of nasosinus malignancy. Other conditions, including

Coronal scans are performed by hyperextension of the patient's i nllanmmatory disease and benign tumours, are in most cases ade-

head and angulation of the gantry, preferably with the patient in the quately demonstrated by CT. The chief disadvantage of MRI is its

prone position with the chin resting on a pad. This keeps the free inability to show the bony details of the sinuses, as both air and

fluid out of the infundibulum. In patients unable to attain this bone give no signal; for the same reason it cannot show calcifi-

because of age or neck pathology, the 'hanging-head' supine posi- cation or hyperostosis caused by, or associated with, a neoplasm.

tion may be acceptable. The gantry should be angled perpendicular The multiplanar imaging facility, the excellent soft-tissue detail and

to the hard palate. the lack of X-ray radiation give some advantage over CT.
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The standard quadrature headcoil is used for MR imaging. Most
commonly used sequences are the T, and Tz weighted in the axial/
coronal plane. The availability of the new fast pulse sequences has led
to the use of fast spin echo (FSE) instead of the conventional spin
echo (CSE) imaging. It is important to note that fat remains bright on
T, images on FSE. The ability to obtain fat-suppressed imaging
without significant time penalty is used to obtain pre- and postcontrast
fat-suppressed T, scans. Most centres tend to settle for axial pre- and
post-fat-suppressed T, scans because of the possibility of asymmetric
fat saturation. Fat suppressed T

2
scans are also excellent at delineating

pathology, and STIR images are used at most centres.

Acute sinusitis
Acute sinusitis is often due to secondary bacterial infection follow-
ing an upper respiratory tract infection of viral origin or from local
infection, e.g. an infected tooth. The infection causes swelling of
the mucosa, which appears as an opaque rim around the periphery
of the sinus. Acute sinusitis is accompanied by an outpouring of the
mucus into the sinus cavity, causing an opaque sinus on plain X-
ray. This is a non-specific sign, and although in most cases it

denotes infection, a sinus filled with blood or new growth can give
a similar appearance. If there is any doubt about the presence of
fluid a tilted view should be obtained-this will confirm the pres-
ence of a fluid level (Fig. 48.2).

The normal secretions (approximately 2 litres of serous secretions
daily) produced by the sinuses are cleared by the cilia lining the
mucosa. These drain the secretions towards the natural sinus ostia.
This occurs despite the presence of any other openings. Each sinus
has its own opening and hence its own pattern of mucociliary clear-
ance. Adequate normal secretions, normal ciliary action and patent
ostia are necessary for normal physiological function, and any alter-
ation in any one will result in pathology.

The nose and the paranasal sinuses have to be considered as a
unit because of the common embryology. The lateral wall of the
nose is an undulating surface with superior, middle and inferior
turbinates. These are C-shaped structures that curl inferolaterally
and define channels termed meati.

The frontal sinuses drain into the frontoethmoidal recess, through
the anterior ethmoid air cells, into the anterior frontal recess of the
middle meatus; the anterior ethmoid air cells drain into the anterior
aspects of hiatus semilunaris; the middle ethmoid air cells drain
through the ethmoid bulla; the posterior ethmoids drain into the supe-
rior meatus.

The maxillary sinus drains via the infundibulum into the ostium,
which lies on the posterior aspect of the hiatus semilunaris of the
middle meatus. The sphenoid sinus drains into the sphenoethmoid
recess posterior to the superior meatus. The ostiomeatal complex or
unit is the region where the frontal, anterior and middle ethmoid

Fig. 48.2 (A, B) Plain X-ray. Note opacification due to acute sinusitis andand maxillary sinuses drain. This includes the frontoethmoidal the fluid levels on tilted view (B).
recess, uncinate process, hiatus semilunaris, ethmoid bulla, the
maxillary infundibulum and ostium and the ethmoid infundibulum. Complications of acute sinusitis
Disease at the ostiomeatal complex is the major cause of recurrent Osteomyelitis This has become rare since the advent of anti-
acute or chronic sinusitis.

biotics. It may follow empyema, which may rarely lead to bone

involvement. This results in loss of outline of the sinus wall fol-
lowed by frank osteolysis and bone sequestration.

Intracranial abscess Spread of infection from the frontal or sphe-
noid sinuses may result in an intracranial abscess or, subdural or
extradural empyema. CT or MRI will show the characteristic ring
enhancement. It is imperative that thrombosis of the superior oph-
thalmic vein (Fig. 48.3) or the cavernous sinus is looked for and
excluded.

Orbital cellulitis This commonly follows an ethmoiditis and may
result in abscess formation, often situated outside the periorbita
adjacent to the infected sinus. The abscess may be demonstrated on

the CT scan as a soft-tissue mass in the medial or superomedial
orbit, sometimes accompanied by the presence of gas or a fluid
level.
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anatomical landmarks and the anatomical variants. The commonly

encountered variants include septa) deviation, spur formation,
concha bullosa, paradoxical curve of the middle turbinate and the
unusually low position of the roof of the ethmoid air cells (fovea
ethmoidalis).

Chronic rhinosinusitis tends to present in certain recognisable
patterns on CT. Five distinct patterns of sinonasal disease are easily
i dentified on SSCT. The first three are due to obstruction to the

known mucociliary drainage. In the infundibular pattern (1) there is
obstruction of the maxillary infundibulum resulting in isolated
maxillary sinusitis. In the ostiomeatal unit pattern (II) there is
middle meatus obstruction resulting in ipsilateral sinusitis affecting
the frontal, anterior and middle ethmoids and the maxillary antrum.
The sphenoethmoid recess pattern (III) of obstruction results in pos-

terior ethmoid and sphenoid sinusitis. In the sinonasal polyposis
pattern (IV) sinonasal polyps are evident, with opacification of
various sinuses. The sporadic or unclassifiable pattern (V) includes
retention cysts, mucoceles and mild mucosal thickening without
obstruction.

Sinonasal polyposis
The polyps in sinonasal polyposis are soft-tissue pedunculated
masses of oedematous hyperplastic upper respiratory mucosa. The
specific polysaccharide material within the ground substance
attracts excess fluid and electrolytes. The commonest site of
sinonasal polyposis is the ethmoids, followed by the maxillary antra
and then the sphenoid sinus.

The cause remains unclear but there is an association with atopic
rhinitis (allergic and non-allergic), asthma, infection, cystic fibrosis,
aspirin intolerance and Kartagener's syndrome.

Multiple polyps give rise to a characteristic pattern. Plain X-rays
and SSCT confirm the presence of polypoidal masses in the nasal
cavity, with widening of the infundibulum, opacification of the
sinuses, and thinning of sinus walls and the nasal and ethmoid septa
(Fig. 48.4). There may be bulging of the lamina papyracea, leading
to displacement of the eyeballs and hypertelorism. Antrochoanal

Fig. 48.4 Extensive nasal polyposis with pansinus opacification. The septa
and sinus walls are thinned and eroded.

Fig. 48.3 CT scan showing infection in the sinuses with orbital cellulitis
and superior ophthalmic vein thrombosis (arrowhead).

Chronic rhinosinusitis Chronic inflammatory disease of the
paranasal sinuses and nasal cavity clinically represents recurrent
acute sinusitis or a prolonged episode that has failed to respond to
conservative management. CT is the investigation of choice as this
defines the degree and extent of involvement of the paranasal
sinuses and also provides the surgeon with the `roadmap' of the
anatomy before surgery. Functional endoscopic sinus surgery is
usually the treatment for patients with chronic rhinosinusitis.

Imaging for functional endoscopic sinus surgery (FESS) Coronal
CT scans are obtained according to the protocol described earlier.
Particular attention is paid to the ostiomeatal complex, as most
chronic rhinosinusitis is associated with disease in the middle
meatus. The scans will show the extent of mucosal thickening and
the number of sinuses affected, and help confirm that the pathology
i s due to an inflammatory process. Chronic disease will manifest
with thickening and sclerosis of the bones. Acute-on-chronic sinus
secretions have a CT density that is less than muscle but higher than
fat, usually in the range of 10-25 HU, referred to as watery or
mucoid density. These have a low T, and high T, on MRI. Once the
secretions have become chronically thickened and concentrated, the
CT density will rise to 60-80 HU. The MR appearances depend on
the protein content of the secretions and can therefore be quite vari-
able. Chronic dessicated sinus secretions may lead to an erroneous
diagnosis, as this is of low signal intensity on T,- and T 2 - weighted
scans and may be reported as a well-aerated sinus. If contrast
enhancement is used, the periphery of the sinus mucosa will
enhance, not the secretions.

The modality of choice is therefore the CT scan, referred to as
screening sinus CT (SSCT), while MRI is reserved for difficult
cases, especially where there is doubt about the pathology on
SSCT. MRI is also useful to assess any intracranial or orbital
i nvolvement.

The second and more important use of SSCT is to help the
surgeon avoid the known hazards of endoscopic surgery. Major
complications, such as blindness, ocular motility dysfunction,

orbital haematoma, CSF leak and caroticocavernous fistula, have
been reported. The function of SSCT is to show the important
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and sphcnochoanal polyps arise from mucosa lining the maxillary
or sphenoid sinus and pass through an ostium into the nose.

Mucoceles The term `mucocele' is defined as the end-stage of a
chronically obstructed sinus-an obstructed, airless, mucoid-filled
expanded sinus. The most commonly affected sinus is the frontal
(66%); about 25% occur in the ethmoids and 10% in the maxillary
antra. Mucoccle of the sphenoid sinus is rare.

On CT mucoceles have mucoid attenuation collection with
remodelling of the wall. The bone may be locally thinned or eroded
but the overall picture is of remodelling and hone preservation.

MRI is the optimum imaging modality as any intracranial and
i ntraorbital extension can be assessed before surgery. On MRI the
contents will have varying signal intensities on T,- and T,-weighted
i mages, according to the protein content. Postcontrast scans typi-
cally show peripheral enhancement of the mucosa with no enhance-
ment of the secretions (Figs. 48.5, 48.6).

Frontal sinus mucocele The principal sign on plain X-ray is an
expansion of the sinus cavity with loss of the scalloped margin of
the normal sinus. In most patients the sinus is more opaque than
normal, due to secretions, but may on occasions appear more radio-
lucent if bone destruction is marked. CT will show the full extent of
the expansion and is usually enough to make the diagnosis. MRI
may be used to assess intracranial extension.

Ethmoid mucoceles The majority are found in the anterior
ethmoid air cells. Expansions of the posterior ethmoid air cells are
l ess common and are associated with sphenoid mucoceles. Ethmoid
mucoceles arc usually more obvious clinically, as most present with
a palpable mass at the medial canthus. Other important features are
the presence of proptosis and, in some patients, epiphora, when the
expansion impinges the lacrimal sac (Fig. 48.5).

Sphenoid mucoceles Only a very small percentage occur in the
sphenoid sinus. Imaging plays a key role in the diagnosis of sphe-
noid mucoceles, and it is important that the condition be recognised
by the radiologist at an early stage and dealt with surgically before
vision is seriously compromised. Involvement of the optic nerve,
cavernous sinus and oculomotor nerve is common due to the prox-
i mity of these structures to the sinus. The patient commonly pre-
sents with headache combined with eye symptoms such as blurred
vision or diplopia.

CT and MRI show rounded or partially rounded expansion of
the sinus, as opposed to the destruction of bone in situ caused by
malignancy (Fig. 48.6).

Fungal disease Fungal disease of the paranasal sinuses is usually
diagnosed when an apparent routine infection fails to respond to
normal antibiotic treatment. A number of mycotic agents are capable
of infecting the nose and paranasal sinuses; the most common of these
is the saprophyte aspergillus. It is found in the soil, dust and decaying
organic matter, and can be pathogenic in humans, animals and birds.
The usual point of entry is the nose, from where it may spread to the Fig. 48.5 Frontoethmoid mucocele. (A) Direct coronal CT.scan demon-

sinuses and bronchi or disseminate in the lung. The condition may strates expansion of the right ethmoid cells with bony expansion and a

occur in the immune compromised host or in those debilitated by
mass which extends into the right orbit. (B) Axial T,-weighted and (C) axial
T 2 - weighted MRI scans show expansion and scalloping of the bony margins

other primary conditions; it may affect otherwise healthy subjects. with extension into the right orbit.
Aspergillus,fumigatus i s the species which most often causes paranasal
sinus disease; A. flavus is less common but in the Sudan, where the
disease is endemic, it is the predominant organism. The ethmoids and The findings vary from non-specific mucosal thickening without

the maxillary antra are commonly involved; the sphenoid sinus may be bone involvement to an opacified sinus with a central mycetoma

occasionally involved; and the frontal sinuses are rarely affected. with reactive new bone formation or even erosions.
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Signal hypointensity is the distinctive feature of aspergillosis on
MRL either low signal on T, and T, when there is fibrosis, or a total
absence of signal on all sequences due to the paramagnetic effect of
heavy metals present in the fungal ball (Fig. 48.7).

Granulomatous disease The majority of these are infectious and
i nclude tuberculosis, syphilis, leprosy, rhinoscleroma and actino-
mycosis. Other causes include Wegener's granulomatosis, midline
granuloma, sarcoidosis and now the nasal granuloma due to cocaine
abuse.

There are non-specific findings on imaging. Most start in the
nasal cavity with soft-tissue masses and chronic non-specific pansi-
nusitis. A diagnosis of granulomatous disease should be considered
when there is evidence of a nasal septal mass with septa) erosion on
i maging.

Retention cysts These occur as a result of obstruction of the ducts
of the mucosal glands. They are usually small, have a well-defined
outline and are seen in approximately 10% of the population. They
may occasionally enlarge to fill the sinus. CT appearance is of a
smooth, broad-based soft-tissue mass with a well-defined outline
(Fig. 48.8). On MRI these are usually of low intensity on T, and

bright on T, but may appear bright on T, depending on the concen-
tration of entrapped secretions.

Fig. 48.6 Axial T,-weighted gadolinium-enhanced MRI of a spenoid
mucocele demonstrates an expanded rim enhancing sphenoid sinus con-
taining fluid-density material.

On CT fungal disease appears as a high-density central mass sep-
arated by mucoid secretions. Areas of calcification may be present.
The calcification may be diffuse, nodular or linear and may be
accompanied by bone expansion and bone destruction in the inva-
sive form of the disease (Fig. 48.7A).

Benign tumours
Osteoma These are benign, slowly growing tumours containing
mature compact or cancellous bone. They occur most frequently in

Fig. 48.7 (A) Coronal CT scan showing diffuse and nodular calcification in the fungal mass in the
sphenoid sinus. (B, C) Axial T2

and proton density MRI scans demonstrate signal void from the fungal
mass. (D) Sagittal T,-weighted scan shows intermediate signal intensity material within the sphenoid
sinus.



Fig. 48.9 MRI scans and angiogram of nasopharyngeal angiofibroma. (A)
Axial STIR-weighted MRI scan shows a predominantly high signal intensity
mass within the posterior nose and extending into the nasopharynx. Areas of
flow void are seen within this highly vascular mass. (B) Axial T 1 - weighted MRI
scan demonstrates the intermediate signal intensity mass within extension into
the pterygopalatine fossa (arrow). This shows intense enhancement following
gadolinium (C). This is confirmed on the angiogram (D), which preceded
embolisation of this nasopharyngeal angiofibroma.

i ntact but may also be remodelled with bowing of the septum.
Inverted papillomas are frequently multicentric. Carcinoma ex

inverted papilloma, usually of squamous cell variety, has been
reported in up to 24% of patients.

Adenomas may simulate a nasal polyp but are locally invasive
and local recurrence occurs if they are not completely excised.

Nasopharyngeal angiofibroma (juvenile angioliibroma) is a rare
histologically benign but locally aggressive tumour. It is a highly vas-
cular polypoid mass which occurs almost always in males, usually
between the ages of 10 and 18 years. Almost all tumours originate
from the posterior choanal tissue near the pterygopalatine fossa and
sphenopalatine foramen. They fill the entire nasopharynx and fre-
quently extend into the pterygopalatine fossa, resulting in widening of

Plain film and CT findings are those of a well-defined very dense

l esion if the osteoma comprises compact mature bone, but an
osteoma containing cancellous bone will be less ossified. If these

l esions are histologically predominantly filled with fat, fibrous
tissue or haemopoietic elements, they may appear of almost soft-
tissue density and can potentially be confused with retention cysts
or polyps.

A wide variety of benign and malignant tumours affect the
paranasal sinuses. The mucosal lining of the nose is derived from
ectoderm and is called the schneiderian membrane. This mucosa
may give rise to three different types of papillomas: the fun,giform,

the inverted and the cylindrical cell papilloma.
The fungiform variety arises almost always from the nasal

septum, usually anteriorly. The other two varieties usually originate
from the lateral nasal wall. Inverted papillomas are the commonest.
Characteristically they arise from the lateral nasal wall near the
middle turbinate and extend into the sinuses, usually involving the
maxillary and ethmoid sinuses. The most common presenting
symptoms are nasal obstruction, epistaxis and anosmia. Recurrence
following local surgical excision can be common, occurring in up to
73% of patients.

On imaging, the appearances of all of these papillomas can vary
from a small nasal polypoid mass to an expansile nasal mass with
remodelling of the nasal cavity and extension into the sinuses with
secondary obstructive sinusitis. The nasal septum usually remains

the frontal sinus, followed by the ethmoid and maxillary sinuses.
They are usually asymptomatic but may block the drainage of a
sinus, resulting in recurrent infection and/or mucocele. Large
frontal sinus osteomas can erode the inner table to the frontal bone,
which in turn will allow sinus infection to spread intracranially and
pneumocephalus will be seen. Osteomas in the ethmoid frequently
cause proptosis. Posterior extension may lead to compromise of
the optic nerve. Osteomas are seen in patients with Gardner's

syndrome.
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Fig. 48.10 (A) Orthopantomogram (OPG). There is abnormal bony texture and destruction of the right side of
the maxilla. (B) OPG shows bony destruction of the right side of the maxilla with an abnormal opacity within
the right maxillary antrum. This was due to a squamous cell carcinoma with adjacent bone invasion.
(C) Occipitomental (OM) view demonstrates an opacity of the right maxillary antrum with destruction of the
l ateral wall of the maxillary antrum. An abnormal opacity is also seen within the nasal cavity.

mass and opacification of the sphenoid sinus may be seen. Superior
orbital fissure widening is seen as an indication of' intracranial
extension. Cross-sectional imaging will demonstrate an avidly
enhancing mass (Fig. 48.9B,C). Intraorbital and intracranial exten-
sion will be much better visualised on cross-sectional imaging than

the fossa and anterior bowing of the posterior ipsilateral antral wall on plain films. Multiple flow voids will be seen within the tumour
(Fig. 48.9). Although other tumours may widen the pterygopalatine on T,- and T2 - weighted spin-echo sequences (Fig. 48.9A). The
fossa, antral bowing is seen uncommonly in these conditions. The internal maxillary artery and ascending pharyngeal artery are the
sphenoid sinus is involved in over half of cases, with spread in the major feeding vessels which will be demonstrated on angiography,
maxillary and ethmoid sinuses in less than a half of cases. Intracranial and a preoperative embolisation may be used to aid subsequent
extension occurs uncommonly in 5-20%, usually involving the surgery (Fig. 48.9D).
middle cranial fossa. This arises from extension from the pterygopala- An angiomatous polyp may he mistaken for an nasopharyngeal
tine Iossa through the inferior orbital fissure and into the orbits and angiofibroma, in that it is a fibrosed and vascularised nasal polyp but it
then intracranially through the superior orbital fissure. is l ocated primarily in the nasal fossa and not in the nasopharynx. It

The bowing of the posterior antral wall may be appreciated on a does not extend into the pterygopalatine fossa or intracranially. The
l ateral film of the sinuses. In addition, a soft-tissue nasopharyngeal vascular supply of these lesions is less extensive than that of

Fig. 48.11 (A) Direct coronal scan on bone window settings demonstrates a large abnormal soft-tissue mass (squamous cell carcinoma) extending from
the right maxillary antrum, destroying the inferior orbital wall and extending into the orbital fat on the right side, with destruction of the medial orbital
floor and lateral maxillary antral floor, and abnormal soft tissue is seen within the ethmoid air cells and within the soft tissues of the cheek. (B) Large soft-
tissue mass (squamous cell carcinoma) based upon the left maxillary antrum. It has involved and destroyed the floor of the maxillary antrum, with destruc-
tion of the maxilla and the lateral maxillary antral wall and spread of soft tissue into the cheek and the floor of the orbit. There is extension into the orbital
fat, through into the medial maxillary antral wall and the nasal cavity.



Fig. 48.13 Soft-tissue mass (squamous cell carcinoma) involving the
right maxillary antrum. There is destruction of the posterolateral maxillary
antral wall, where abnormal soft-tissue is seen extending into the fat of the
right infratemporal fossa (arrow). Note normal low-attenuation fat in the
l eft infratemporal fossa (arrowhead).

Fig. 48.12 Axial CT scans displayed on soft tissue (A) and bone (B)
window settings show a large soft-tissue mass involving the right maxillary
antrum. There is destruction of the posterolateral wall of the right maxillary
antrum and abnormal soft tissue is seen extending into the infratemporal
fossa and right pterygopalatine fossa (arrow). Note the normal-appearing
l eft pterygopalatine fossa (arrrowhead).

The role of positron emission tomography has been established
for the detection of unknown primaries and is useful in patients

who have undergone previous surgery or radiotherapy. It is very
li mited in its availability and much more expensive than either MRI
or CT.

Ideally scans should include the first and second oral draining
nodes. Tumours involving the maxillary antrum drain initially to the
retropharyngeal nodes but level 2 (upper internal jugular) and level I

(submandibular) groups may be involved and these should therefore
be included within the scan. Collimation should be 5 mm or less.
Direct coronal and axial scans should be obtained with both bone and
soft-tissue algorithm. On MRI a slice thickness of 4 mm or less should
be used. T,- and To - weighted scans should be obtained with scans fol-
lowing intravenous contrast obtained using T,-weighted fat-saturated
sequences in the axial and coronal plane. Sagittal T,-weighted fat-
saturated scans after gadolinium enhancement may also be useful in
assessing perineural and intracranial extension.

Carcinomas of the sinuses and nasal cavity account for 0.2-0.8%
of all carcinomas and only 3% of those in the upper aerodigestive tract
( Osguthorpe 1994). There are multiple risk factors for sinonasal
cancer, including exposure to hardwood dust (adenocarcinoma), soft-
wood dust (squamous carcinoma), nickle refining, chromium
working, boot, shoe and textile working, isopropil oil, volatile hydro-
carbons and snuff taking. There is a male to female predominance of
2 to 1. Human papilloma virus may be a cofactor.

These tumours often present at an advanced stage. The common-
est tumour is squamous cell carcinoma, which accounts for 80% of
all sinus malignancies. Approximately 50-65% arise in the maxil-
lary sinuses (Figs 48.11-48.13), 10-25% in the ethmoid sinuses
(Fig. 48.14) and 15-30% in the nasal cavity. CT and MRI often have
complementary roles to play in the staging of these tumours. The
location and extent of disease is important in deciding treatment.

The maxillary antrum is divided, by lines drawn on a coronal
view of the sinuses through the antral floor and antral roof, into an
infrastructure, mesostructure and suprastructure. Tumours limited
to the mesostructure and infrastructure will be treated with a partial
or total maxillectomy (Fig. 48.15). Most tumours involving the
suprastructure will need a total maxillectomy and orbital exentera-
tion (Fig. 48.11). It is thus important to include coronal views in the
staging examination. Axial views are also necessary to determine
posterior and anterior extension of disease (Fig. 48.16).
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angiofibromas. They therefore do not enhance avidly following intra-
venous contrast and vascular flow voids are not seen on MRI.

Malignant tumours
Plain radiographs are no longer recommended for screening for
sinonasal malignancy (Fig. 48.10). Cross-sectional imaging is
required to stage these tumours in order to visualise the extent of
tumour beyond the sinuses.

The areas of particular concern are the intraorbital cavity
( Fig. 48.11), pterygomaxillary fossa, pterygopalatine fossa
(Fig. 48.12), infratemporal region (Fig. 48.13) and intracranial
extension (Fig. 48.14). CT and MRI are often complementary. CT
acquisition is much faster with helical and multislice scanners. CT
is sensitive to bone destruction and is more readily available.

Direct coronal and axial scans should usually be performed.
MRI, however, has the advantage of multiplanar imaging. It is
better able to differentiate tumour from secretion than CT. Dental
amalgam artefact also raises less of a problem.

Gadolinium-enhanced MRI is better than CT for the detection of
intracranial and perineural tumour extension. Nodal disease may be
assessed by either CT or MRI. Intravenous contrast enhancement
allows identification of rim enhancement and central necrosis,
which is often seen in squamous cell carcinoma. Extracapsular
spread of nodal disease is better assessed by CT than MRI.
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Fig. 48.14 (A, B) Axial contrast-enhanced CT scans of an extensive
ethmoid carcinoma showing abnormality extending up through the cri-
briform plate and involving the inferior aspect of the frontal lobes bilaterally
(B).

Small tumours will mimic the appearances of chronic sinusitis

and nasal polyposis, thus many patients will be diagnosed at a late

stage of their disease. Curative surgery is not usually possible if

Fig. 48.16 (A) T,-weighted axial MRI scan of a patient with a maxillary
antral carcinoma before gadolinium enhancement. (B) Axial T,-weighted
fat-saturated scan in the same position after gadolinium enhancement.
Both scans demonstrate a large mass, which shows enhancement following
i ntravenous gadolinium, filling the right maxillary antrum and extending
posteriorly into the infratemporal fossa on the right (arrow).

there is central skull base obstruction, tumour extension into the

pterygopalatine fossa or tumour extension into the nasopharynx.

Nodal metastatic disease also confers a poor prognosis. Primary

frontal sinus carcinoma and sphenoid sinus carcinoma are rare.

Bone destruction is commonly seen.

The primary tumour shows little if any enhancement on CT fol-

lowing intravenous contrast. On MRI, the tumours are of intermedi-

ate T, signal intensity and slightly higher signal intensity on

T,-weighted images. Larger tumours may have areas of necrosis

and haemorrhage altering the signal intensities within them. They

also enhance slightly following intravenous gadolinium.

Approximately 10% of sinonasal tumours arc adenocarcinorna.s,

being due to adenocystic carcinomas (minor salivary gland origin),

mucoejndermoid carcinomas, ascinic carcinomas and benign and

Fig. 48.15 T,-weighted fat-saturated scan after intravenous gadolinium
enhancement in the coronal plane in a patient with a maxillary antral carci-
noma demonstrates an enhancing mass seen within the mesostructure and
infrastructure of the right maxillary antrum, with abnormality involving the
right maxilla and soft tissues of the cheek. Note that the suprastructure of
the right maxillary antrum is not involved, with a normal-appearing right
orbit and orbital floor.



Mucoepidermoid carcinoma and adenocarcinoma not otherwise
specified are less common tumours of the minor salivary glands. Most
of the these tumours involve the antrum and nasal cavity. Benign
mixed tumours of the sinonasal cavities are rare. Most cases arise
from the nasal septum. Malignant change within a sinonasal pleomor-
phic adenoma is rare but an entity known as benign metastasing pleo-
mophormic adenoma is a very uncommon tumour that metastasises to
the lungs and soft tissues, despite having a benign histology.

Intestinal-type adenocarcinomas of the sinonasal cavities are
especially common in individuals with a previous exposure to hard-
wood dust and to people who have worked in the shoe industries.
The histology of the high-grade tumours resemble colonic and
gastric carcinomas. In these patients metastatic disease from gas-
trointestinal primaries should be ruled out before making the diag-
nosis, but this is a rare occurrence.

Malignant melanomas occur more commonly in the sinonasal
cavities. When they do occur, involvement of the nose is more
common than the sinus. Local recurrence or metastatic disease
within the first year is seen in up to 65% of patients, metastases
affecting the lungs, nodes, brain, adrenal glands, liver and skin.
Nasal melanomas have a better prognosis than tumours originating
in the paranasal sinuses. These tumours enhance more avidly than
squamous cell carcinomas on postcontrast scans. Some lesions will
exhibit high signal intensities on T,-weighted sequences owing to
the presence of haemorrhage and/or melanin.

Olfactory neuroblastoma arises from the olfactory epithelium
of the nasal cavity and is a tumour of neural crest origin. There is a
bimodal age distribution, with the tumour occurring most fre-
quently in patients aged 11-20 years and 51-60 years. Epistaxis
and nasal obstruction are the most common presenting symptoms.
The prognosis is related to the extent of disease at presentation.
These lesions are hypointense to brain on T,-weighted images and
hypertense to brain on T2 - weighted images. Coronal and sagittal

scans are usual to determine the relationship of the tumour to the
cribriform plate and intracranial extension. Microscopic intracra-
nial spread can, however, occur with an intact and normal-appear-
ing cribriform plate on imaging. The tumours enhance with
intravenous contrast on both CT and MRI. Metastatic disease is
seen in up to 38% of patients, with involvement of cervical lymph
nodes, parotid glands, skin, lung, liver, eye, spinal cord and spinal
canal.

Non-Hodgkin's lymphoma within the neck most frequently

involves Waldeyer's ring but primary nasal and paranasal disease

may occur. Hodgkin's lymphoma rarely presents in extranodal

sites within the head and neck. Lymphomas may mimic sinusitis,
polyposis and other benign and malignant neoplasms on CT and
MRI, with no specific imaging features. They are often seen as
bulky masses causing expansion, erosion or infiltration. Lethal

midline granuloma is a prelymphomatous state generally occur-

ring in a population younger than those patients with sinonasal lym-
phoma. Sinonasal lymphomas can occur with or without associated
cervical or systemic nodal disease.

Prognosis is worsened by the presence of adenopathy with extra-
nodal lymphoma. Disease is most often located within the nasal

fossae, maxillary sinuses, with the ethmoid sinuses less often

involved, and very rare involvement of the sphenoid and frontal
sinuses. The soft-tissue masses tend to have an intermediate signal
intensity on both T 1 - and T, -weighted sequences. Burkitt's lym-

phoma is the most common childhood malignancy in central
Africa. It is strongly associated with the Epstein-Barr virus. This
disease can involve head and neck structures, such as the jaw,

Fig. 48.17 Axial (A), coronal (B) and sagittal scans (C) of a patient with a
recurrent adenoid cystic carcinoma of minor salivary gland origin. There is
abnormal enhancing soft tissue extending superiorly through the foramen
lacerum (arrow in C) and filling the right cavernous sinus (arrowheads in A
and B).

malignant pleomorphic adenomas. Minor salivary gland tumours
can arise anywhere within the sinonasal cavities but the commonest
site is within the palate with extension into the nasal fossa and
paranasal sinuses. The most common tumour to affect the minor
salivary gland is adenoid cystic carcinoma. Disease recurrence is
common following surgery, due to the presence of `skip' lesions
within nerves. Perineural spread is best identified using gadolinium-
enhanced MRI (Fig. 48.17).
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orbits, meninges, extradural spaces, nasopharynx and lymph nodes, Extramedullary plasmacytoma is a rare malignancy but 80% of

but rarely involves the sinonasal cavity. these tumours occur in the head and neck and represent 3-4% of all

Leukaemic infiltrates rarely infiltrate the paranasal sinuses. sinonasal cavity tumours. These tumours are usually seen as homo-

Involvement of the paranasal sinuses in these patients is more likely geneous enhancing polypoid masses that remodel surrounding

to be due to opportunistic infection and haemorrhage. bone. They have an intermediate signal intensity on all MR

Granulocytic sarcoma is a rare malignant tumour composed of sequences. Vascular flow voids may be seen in the lesions due to

i mmature myeloid elements. The bony lesions have been reported their highly vascular nature.

i n the skull base, orbit and paranasal sinuses and extramedullary Rhabomyosarcoma i s a malignant tumour of skeletal muscle

lesions have been reported in the nasal cavity, paranasal sinuses and and usually occurs in the paediatric age group, with just over

nasopharynx. three-quarters occurring in children under 12 years of age. Al-

Almost one half of patients have an associated myeloproliferative veolar rhabomyosarcomas usually occur in an older age group

disease, which is most commonly acute myeloid leukaemia. The (15-25 years old). The orbit is the commonest site for rhabo-

appearances are of enhancing masses on CT and MRI. Intermediate myosarcoma in the head and neck but the nasopharynx and

to high signal intensity is seen on both T,- and Tfl-weighted sinonasal cavities are involved in 15%% and 8%, respectively.

sequences on unenhanced MRI. Cervical lymph node involvement occurs in 42%, with 58% having

Multiple myeloma is most commonly seen in the form of skele- distant metastases. These tumours cause both bone remodelling and

tal lytic lesions and/or osteoporosis. An extraosseous tumour is rare bone destruction. They appear homogeneous with intermediate

as the initial appearance of multiple myeloma. In the head and neck signal intensity on MR imaging sequences and show little to

plasmacytomas occur usually in the nose, paranasal sinuses, moderate enhancement.

nasopharynx and tonsils.
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The hulk of a tooth is formed of dentine, which is sensitive to tern-

perature change and other stimuli. In the centre of the tooth crown,
and down the root to the tooth apex, is a hollow space occupied by
the pulp, which is soft tissue containing nerves and vessels. The
crown projects from the gingiva and is protected by a layer of
enamel i n the form of a thimble or cap (Fig. 49.1). Enamel is insen-
sitive and hard, like ivory (= elephant enamel) but is susceptible to
caries. Beyond the crown there is a thin layer of cementum covering
the dentine of the root, and this layer forms the anchorage for the

Dental eruption is shown in Table 49.1.

and thus for the secondary:

Caries is a bacterial invasion of the tooth which first liquefies a
narrow track through the enamel and then causes more extensive soft-
ening and staining of the adjacent dentine. It attacks the occlusal
surface of molars, the neighbouring surfaces, and the necks of the
teeth where carbohydrate food residues have been allowed to remain.
Dental pulpitis resulting from caries is by far the commonest cause of
pain near the mouth. The pain of toothache may be referred to the ear
and also to the opposite teeth on the same side, but not across the
midline, and is often not well localised to the decayed tooth.

Deep caries will kill the pulp, which tends to be strangled by the
i nflammatory exudate in the rigid space in the tooth. In young teeth,
before the apex is closed, and for some years after this while the
apical canal is still wide, the pulp is more tolerant of carious
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periodontal membrane or ligament which slings the tooth in its

bony socket. The bony anchorage for the fibres of the periodontal
membrane is a thin layer of compact hone lining the socket called

the lamina dura. Beyond the lamina dura is the cancellous bone of

the alveolar process (the tooth-supporting bone) of the jaw, and this
i s covered with a thin layer of compact bone beneath the gingiva.

Enamel is denser to X-rays than dentine, which is comparable in

density to compact bone, while the pulp space is more lucent than
dentine.

The thin layer of cementum covering the root beneath the gingiva is
radiographically indistinguishable from dentine. The cancellous bone
forming the alveolar process surrounds the sockets on at least three
sides and so the shadow of its trabecular network is superimposed on
those of the periodontal membrane and the roots of the teeth.

Tooth charting Teeth are conventionally labelled thus for the
primary dentition:

Diseases of the mandible and maxilla often present in different
ways from those of bone lesions elsewhere. In addition, the jaws
hear specialised organs the teeth-whose abnormalities, congeni-
tal and acquired, may affect the hone around them.

Radiography Dental radiographic techniques in common use
i nclude:

1. Intraoral views
2. Occlusal views
3. Panoramic views
4. View of the temporomandibularjoints
5. View of the facial bones.
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Fig. 49.2 Early periapical infection beneath the lower second molar in a
youth of 16. The lamina dura is destroyed round the apical thirds of its
roots with widening of the dark line around the roots. Compare with the
normal first molar and the incompletely formed roots of the third molar.

involvement. Once the pulp has died, infection may spread to the
periapical region. Root treatment after removal of all infected and
dead pulp tissue is aimed at avoiding this or enabling the periapial
infection to heal.

When infection has spread beyond the apex, the effect depends
on the severity of the inflammation. An acute abscess i s the most
marked reaction, with throbbing pain and a very tender tooth. There
may be swelling of the gingiva and of the face and, if the tooth is
related to the antrum, of the antral mucosa also. The earliest change
i n apical infection is oedema of the periodontal membrane, and this
is shown radiologically as widening of the periodontal membrane
space. Infection and hyperaemia combined then result in ill-defined Fig. 49.3 There is a granuloma at the apex of the second premolar

trabecular destruction about the apex, and blurring and loss of the surrounded by a thin halo of bone formed by the antral mucoperiosteum.

l amina dura. If adequate treatment is instituted, trabeculae return to
There is a similar pattern over the mesial root apex of the first molar.

normal.
A subacute abscess or gumboil results if the lesion is not rests, normally present in the periodontal ligament, converts chronic

treated. There is further evidence of bone destruction around the apical granulomas into radicular cysts (see under Cysts, below).
apex and, clinically, swelling of the gingiva, usually on the outer Root treatment i s used to preserve accessible teeth whose pulps
side and near the root of the affected tooth. There will be a sinus would otherwise die or are already dead. Sometimes apicectomr is
with a purulent discharge, and the opening is often on a rather sac- performed to remove the chronic periapical granuloma and infected
like projection of the oral mucosa. The bone destruction shows a apex after treatment of the root canal, but efficient modern root
diffuse area of radioluccncy at the tooth apex, including the lamina canal treatment will also lead to eradication of such an apical area.
dura of the socket in this region. The lamina dura is the thin layer of The periapical bone, including lamina dura, will be reformed over a
compact bone lining the socket and is the first bone to be destroyed period of 1-2 years once all the necrotic pulp tissue has been

near the tooth apex when infection has spread to this region removed. Root fillings are almost always radiopaque, due to zinc
(Fig. 49.2). Lucency due to natural thinning of the hone is asso- oxide or other metal salts. Inadequately treated dead teeth can be a
ciated with an intact lamina dura round the normal tooth apex. source of acute or chronic infection, and low-grade infection can

Chronic apical infection may be present without clinical signs. cause the formation of a radicular cyst.
The X-ray changes then are those of a discrete peripheral lucency, Periodontal disease i s initially a gingivitis; this may he acute, as
sometimes outlined by a white line which is continuous with the with a Vincent's infection. If the inflammation persists, resorption
l amina dura of the socket at the margin of the lesion (Fig. 49.3). of the peaks of the underlying interdental bony papillae can result
Chronic infection of a tooth at the antral floor lifts the mucoperios- and this may be demonstrated radiologically. The interdental bony
teum over the granuloma and this can develop a bony halo papilla is blunted and shortened and has a broader top, while its
surrounding it. Commonly, recurrent subacute infection leads on to edge will be ragged and poorly defined in the active stage of the
chronic infection. Stimulation and proliferation of local squamous-cell disease. There are often deposits of calculus (tartar) around the
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Radiation and chemotherapy cause damage to developing teeth. 11'
the fetus or infant is irradiated, damage to the developing tooth
germ can cause either absence of the tooth or gross hypoplasia,
both of primary and secondary dentition. In addition, mandibular
growth is retarded and hypoplasia results (Fig. 49.8).

Irradiation of the oral tissues (e.g. for soft-tissue sarcoma) affects
the salivary glands and the nature of their secretions, which dimin-
ish and become more acid. Caries is potentiated in a dry mouth and

Fig. 49.4 Alveolar bone recession is associated with calculus around the can result in apical infection. For this reason, immaculate oral
necks of the teeth and periapical bone loss, hygiene is indicated in those undergoing therapeutic irradiation.

trouble, but it can give rise to subacute bacterial endocarditis in
hearts with previous damage or in those who have had operations
i nvolving the endocardium. In these subjects dental infection must
be eliminated and this may mean condemning teeth unless the

i nfection can be cleared by treatment. Extensive dental sepsis can
also cause pyrexia, with a raised ESR and constitutional upset. yet
with little by way of local symptoms. Distal septic foci may occur.

A more widespread form of infection of hone may occur in the
mandible and only rarely affects the maxilla. This subacute

osleoiovelitis usually extends from a tooth socket, either after extrac-
tion or from an apical abscess, when conditions are unfavourable.
The early radiographic pattern, from about 3 weeks after onset, is of
patches of lucency with islands of normal-looking bone between
them (Fig. 49.6). The lamina dura is destroyed in this process.

Some of these patches of normal-looking hone will develop into
sequestra, and sooner or later there may he evidence of periosteal
new bone formation, but periosteal new bone formation is not a
prominent feature of healing in the mandible. It appears as a soft
fusiform opacity along the lower border or on the outer or inner
margin of the jaw (Fi(, . 49.7). In the later stages, the area of bone
destruction becomes sharply defined and the periosteal new hone
becomes consolidated. More acute and extensive osteomyelitis of
the mandible is rare nowadays but is sometimes of blood-borne
origin, particularly in those rare examples which occur in infancy
before teeth have erupted. The appearances may simulate those
seen with eosinophilic gram-110111a.

neck of the tooth; this opaque material will show in the films
(Fig. 49.4) and will aggravate the chronic or subacute gingival
i nflammation. Cervical caries can occur beyond the edge of' the
enamel after gingiva and hone have receded.

The pattern of bone loss in periodontal disease takes two forms,
horizontal loss and vertical loss. In horizontal loss (Fig. 49.5) there
i s general all-round recession: this is a slow but steady progression
of the disease, with deeper loss of the supporting hone than in the
normal recession with age. In vertical loss, there is irregular and

deep local loss which may reach the tooth apex in some regions,
and thus some teeth are lost.

Chronic dental infection, both periapical and periodontal, used

to be blamed for general ill-health, and teeth were too easily con-
demned and removed. A transient bacteracmia can result from ordi-
nary masticatory forces on inflamed gums or on teeth with apical

i nfection. In otherwise lit people, this does not usually cause
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Fig. 49.10 Apical bone resorption with loss of the lamina dura is associated
i n this patient with hypercementosis and obliteration of the root canals.

Fig. 49.8 Radiation damage to the mandible and teeth is evident in this
25-year-old patient who was irradiated at the age of 6 months for a
cutaneous haemangioma. The mandible is hypoplastic, many of the teeth
have not formed, and a few dwarfed deciduous teeth may be seen.

Bone sclerosis may occasionally he generalised. Paget's disease and
fibrous dysplasia may cause such change. Widespread sclerotic
metastases are not common in the jaws.

Localised areas of sclerosis are more common, and are usually
benign.

Hypercementosis (Fig. 49.10). Excessive cement is laid down
over the apex and body of the root so that the root has a bulbous
expansion. The expanded root is still surrounded by a lamina dura

Fig. 49.7 A few weeks later than Fig. 49.6, periosteal new bone has
formed on the buccal aspect of the jaw (arrows).

Fig. 49.9 Radiation necrosis. A pathological fracture has occurred
through an area of bone necrosis.

Fig. 49.6 I rregular bone destruction in the mandible of a man of
41 some 6 weeks after onset of osteomyelitis.

Radionecrosis Radiation directly causes cell death and also
i nduces local ischaemia by endarteritis. Ischaemia further potenti-
ates infection (see above).

Initially, osteoporosis is seen, but the end-stage is a pattern of
mixed sclerosis and lysis. Pathological fractures and bone resorp-
tion as well as sequestra are seen. Periosteal new bone is not promi-
nent in the mandible. The appearance is complicated by the
presence of superadded infection (Fig. 49.9). The prophylactic
removal of diseased teeth may he indicated before radiotherapy to

reduce the possibility of radionecrosis.
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and periodontal membrane space, which are of course displaced thus has a `spiky' contour. The lesions are common and benign,
sideways. Removal of such teeth may be difficult. and should be left alone (Fig. 49.13).

Cementoma These dense areas of coarse trabeculation arc found Odontomes These are hamartomas or abnormalities of tooth
at the apices of teeth, especially in the mandible. They are fibrous development containing enamel, dentine, cement and connec-
outgrowths of the periodontal membrane space, so that the initial tive tissue, i.e. all the elements of normal teeth. There are two
radiographic appearance is of m ultiple apical lucencies, often on types:
normal teeth. The lamina dura is destroyed locally, simulating
cysts of dental origin. Usually the fibrous tissue becomes calcified, Complex odontome These arc common in the molar region

so that a woolly central density is surrounded by a lucent halo of and usually in the secondary dentition. Females are more coni-

fibrous tissue. The lesions may safely be left alone (Fig. 49.11 ). monly affected. The tumour consists of a lobulated density sur-
rounded by a radiolucent zone. A thin zone of reactive sclerosis

Postinflammatory sclerosing osteitis (Fig. 49.12) An increase separates this from normal bone.
in bone density is seen in the apical and interdental regions of
patients with chronic gingival and dental sepsis. Caries and apical Compound odontome This lesion shows better differentia-
resorption of bone are prominent features in these patients, who tion, into multiple small united denticles, in which individual
often have poor oral hygiene. The local periodontal membrane cusps may be recognised. This lesion is also surrounded by a zone
space is widened and the lamina dura lost due to chronic sepsis. of lucency. It is more commonly found in the canine region and
The bone may revert at least partly to normal after treatment of often prevents normal dental eruption (Fig. 49.14).
the underlying dental condition.

Localised fibrous dysplasia This occurs typically as an enlarge-
Benign osteoscierosis This common lesion usually has no under- ment of one side of the maxilla (less often of the mandible) with
l ying aetiology, but may follow surgery, dental extraction or a an increase in its radiodensity. The lesion is usually homoge-
bridge. Small areas of sclerosis are seen between teeth or adjacent neous, fully replacing the normal architecture of the region and,
to roots. They lie up against, and may be continuous with, the with enlargement of the affected part of the jaw, the lesion is
l amina dura. Surrounding trabeculae blend into the lesion, which usually denser than normal bone (Fig. 49.15).

Fig. 49.11 Cementoma. A well-demarcated radiolucent lesion extends Fig. 49.13 A well-defined radicular cyst is related to the right lower
to the alveolar margin and shows irregular calcification within it. This does canine. Benign sclerosing osteitis is seen between the right lower 5 and the
not happen with radicular cysts. right lower 6.

Fig. 49.12 Reactive sclerosis is related to the chronic apicitis. Note the bone resorption around the molar teeth. The inferior dental canals stand out in
sharp relief.



Fig. 49.15 Fibrous dysplasia. (A)
The radiograph shows expansion
with altered bone texture in the left
ascending ramus and mandible. A
ground-glass pattern is demon-
strated. Similar changes are seen in
the left antrum. (B) The radio-isotope
bone scan shows the extent of the
facial, antral and mandibular disease.

It arises in the second decade or just before and is painless and
easily overlooked, but a developing tooth may be displaced and fail
to erupt. Small or moderate-sized lesions are often discovered years
l ater when the dental surgeon finds the gingiva and bone are thick-
ened, but the phase of active enlargement does not extend much
into the third decade.

Paget's disease (osteitis defornuou.s) (see Ch. 37). Patients often
have neuralgic pain in an enlarging alveolar ridge, and an artificial
denture may become too tight.

I n the jaw, bone enlargement and sclerosis are usually seen
( Fig. 49.16). Irregular dense sclerotic patches may form on teeth,
i f any are present, or merely in what had been the tooth-hearing
hone.

A blow on a tooth may cause no disruption of the X-ray pattern.
and yet the blood supply to the pulp may have been interrupted.
The pulp may then die and become infected, with the effects
already described. Less commonly, the pulp vessels are only
damaged and the response is obliteration of the pulp space by
dentine over a period of perhaps a year. In either case, the crown
can become darkened clinically by blood pigments in the dentine.

A less common effect of pulp damage by trauma or even by
caries is a pulp granuloma i nternal resorption of the dentine.
External resorption of the root at the neck of the tooth also occurs
sometimes following trauma, and also when the pulp is dying from
carious infection (Fig. 49.17).

Injuries to the teeth may he classified as follows:

Class I Traumatised tooth without fracture:
a. with loosening
b. without loosening
Loosening is shown as widening of the periodontal
membrane space.

Class 2 Fracture of the crown:
a. involving enamel
b. involving dentine

Class 3 Fracture of the crown, exposing pulp

Class 4 Fracture of the root, either
a. without crown fracture
b. with crown fracture

Class 5 Avulsion of the tooth.

In any case the pulp may be killed but. if the teeth are young and
still have a large apical foramen or a frankly incomplete root, the pulp
has a better chance of surviving. The damaged pulp of such a severed
tooth will react by becoming partly obliterated (Figs. 49.18, 49.19).

Fig. 49.16 Paget's disease. The mandible shows expansion, loss of corti-
comedullary differentiation, and a coarsened texture throughout. These
appearances are typical of Paget's disease.

The mandible often remains normal but it may be affected, with
or without the other bones. Either jaw can become very large
i ndeed.

Of the three complications to which Paget's bone is liable, infec-
tion is relatively common and may be the presenting lesion, espe-
cially in the mandible. Fracture and neoplasm are rare in the Paget's
jaw, but infection from a recent socket, from a dead tooth, or
perhaps from a denture ulcer finds little resistance in the abnormal
bone. A large sequestrum is likely to form and to separate slowly.

Fig. 49.14 Compound odontome. A l arge aggregate of rudimentary
dental elements prevents eruption of a normal tooth.
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Fig. 49.19 Two years later, the vital but damaged pulps have partly calci-
fied up in root as well as in crown portions of the teeth. A layer of bone has
formed between the root ends, separated by a dark line like periodontal
membrane from the root and with an intact lamina dura beyond this.

most commonly missing, but premolar and lateral incisors can
also he deficient.

Supernumerary teeth These are more common in the maxilla
and usually do not erupt, being found on radiographic examina-
tion only. Supernumerary teeth are generally smaller than normal
teeth (Fig. 49.20) but nary resemble the other teeth in that region.
They may retard normal dental eruption.

Various types of supernumerary tooth arise in the upper incisor
region. The most common is the mesiodens. which develops close
to the midlinc and at a tine between the first and second dentitions
(Fig. 49.21).

Small teeth Dental hypoplasia (microdontia) is often familial
and commonly affects those teeth which are often absent in other
patients (see above). The crown or the root, or both, may be
affected. Microdontia occurs following irradiation (see above) and
also in chondroectodermal dysplasia.

Fusion of teeth Teeth may unite at the crown, the root, or both.
Often supernumerary teeth are involved.

Fig. 49.18 Fracture of both upper central incisor roots occurred 1 week
before this film was taken in a girl of 14. The pulp survived in both portions
of each tooth, as it often will in young jaws.

When an upper first molar is removed from a patient with a large
antrum, the bony floor of the sinus may he fractured. Sometimes the
tooth is broken instead. A root may remain in the socket with lamina
dura intact around it or, in an attempt to remove it, the root may he
pushed up through the socket into the antrum, when it may act as a
nidus for concretions, forming an antrolith. An oroantral fistula nay
be formed from a large bony breach; this may not necessarily give
rise to complications but is nevertheless better repaired early.

Absence of teeth Teeth may he absent in the Ellis-van Crcveld

and Down's syndromes (see Ch. 35). Isolated absence of teeth is Fig. 49.20 Supernumerary upper 9s. Note how small and conically
common and often familial. The permanent third molar teeth are shaped these teeth are.

Fig. 49.17 Extensive external root resorption in a man of 62. This erosion
reaches into the crown as well as halfway down the root, but the outline of
the pulp persists, although it must have been breached. Infection from the
gingival margin has reached the pulp and led to an apical abscess.



Fig. 49.22 Dens in dente. The tooth is also carious and shows apical
bone resorption, with loss of the lamina dura due to ascending infection.

Dens in dente A defect exists on the crown and leads to an
i nvagination into the body of the tooth. This is lined by dense
enamel and has a central lucency. The `tooth in a tooth' may
be confined to the crown or may reach the apex of the root

Aeromegaly Excess of growth hormone after skeletal maturity
( Fig. 49.22). results in a characteristic coarsened and enlarged facies. The

Taurodontia Here the teeth resemble those seen in oxen, with mandible especially increases in size in both the body and ascend-

l arge pulp chambers and abnormally short roots. The condition is ing ramus, so that the lower border of the body lies more inferi-

probably atavistic. orly in relation to the cervical spine than is normal. The increase

Cleft of the hard palate This is a defect in the floor of the nose
i n size of the mandible results in separation of the teeth. Dental

just lateral to the midline; it may be bilateral. It usually extends
separation may also result from the increased size of the tongue.

The angle of the mandible becomes more obtuse, i.e. there is
forward through the alveolar process medial to the canine. The straightening, and the lower border becomes more curved, as seen
premaxilla between the two canines may be very distorted or rudi- the lateral view.
mentary, containing small misshapen denticles. It is usually nec-

on

essary to keep all possible teeth as an anchorage for an obturator; Gigantism Dental separation again results from jaw enlargement,

they are difficult teeth to radiograph. The orbiting panoramic film but the skull in gigantism does not resemble that seen in

Fig. 49.24 Stafne cyst. The lesion represents salivary gland inclusion in
bone.

is usually of very little help and occlusal views are more helpful
(Fig. 49.23).

Salivary inclusion defect (Stafiie's dekct) Localised, well-demar-
cated defects at the angle of the mandible are often seen on sialogra-
phy to communicate with the local salivary gland. They contain
salivary gland tissue as a developmental error (Fig. 49.24).

Fig. 49.21 Bilateral mesiodentes with normal eruption.

Fig. 49.23 Cleft palate. The occlusal view demonstrates the defect and
shows the resulting dental anomalies.
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hyperparathyroidism is now usually diagnosed early on routine
blood analysis, large skeletal cysts and jaw lesions are not often
seen.

Hypoparathyroidism Oral candidiasis is commonly found. The

crowns of the teeth arc irregular, with deficient enamel. The
lamina dura is quite dense and thickened, around roots which may

be hypoplastic. There is also retardation of dental age.

Cushing's syndrome Osteoporosis may be seen in the jaws, and
the lamina dura may be poorly visualised or absent.

Cherubism (hereditary fibrous dysplasia of the fuse) Although

histologically indistinguishable from fibrous dysplasia, this entity
has a definite familial incidence. Involved patients do not have the
disease outside the jaws. Changes affect the mandible primarily,
but the maxillary tuberosity may also be involved.

The mandible is enlarged by radiolucent areas of cystic and
fibrous change, so that the jawline of the patient becomes promi-
nent. Affected children come to resemble winged angels-
cherubs-with the chubby faces seen in classical paintings.

Agenesis of the teeth occurs in the involved areas, and the teeth
that do form become displaced, separated from each other, and
unerupted (Fig. 49.27).

Changes take place from I year of age onward, but from puberty
onward they regress, so that by middle age the jawlinc may appear
normal.

Cleidocranial dysplasia Almost all patients with this disease
have abnormal dentition. The maxillae are underdeveloped so that
the cheeks are small, and the teeth of the upper jaw appear
crowded. This appearance is further accentuated by the almost

i nevitable failure of eruption of the secondary teeth. In addition,
multiple supernumerary teeth are also present: up to 13 have been
shown in one patient. The small jaws thus show a large number of
crowded supernumerary, primary and secondary teeth, which may
even be displaced into the orbits (Fig. 49.28).

Cement formation is also deficient in this disorder, and hyperce-
mentosis is not seen.

Ectodermal dysplasia The ectodermal abnormality is charac-

terised by abnormal hair, defective or absent finger and toenails.
and a paucity of sweat glands. In addition, there is partial or total

absence of the teeth (anodontia), so that often only the central
teeth are present, and their crowns are conical (Fig. 49.29).

acromegaly. Mandibular lengthening may be even more pro-
nounced. As the disease precedes the onset of skeletal maturity,
the dental age is advanced. The teeth that develop after onset of
disease show hypercementosis.

Hypopituitarism Hypoplasia of the jaws and teeth and delayed
dental age arc found, as would be expected.

Cretinism This childhood condition is far more common than
childhood thyrotoxicosis, which is rare.

I n cretinism there is a generalised delay in skeletal and dental
maturity, so that the facial bones are hypoplastic and dentition is
delayed. Shedding of deciduous teeth is retarded, as is formation and
eruption of secondary dentition. The small jaws thus show gross
dental crowding (Fig. 49.25). Thyrotoxicosis, on the other hand,
causes acceleration of dental maturity and bone demineralisation.

Hyperparathyroidism Subperiosteal bone resorption is the
pathognomonic bony change in this disease.

The lamina dura of the dental socket represents the cortical hone
and is resorbed in hyperparathyroidism. The change is not common,
however, and not all sockets are affected, so that its value as a
radiodiagnostic tool in hyperparathyroidism is poor. Patients with
radiological bone disease will always have hand changes.

In the past, osteoclustomus and brown turnours were not uncom-
monly seen in the jaws and were often multiple, occurring alone or
ac oinpanied by resorption of the lamina dura (Fig. 49.26). As

Fig. 49.25 Cretin, showing gross retardation of dental maturity.

Fig. 49.26 Hyperparathyroidism. A brown tumour is associated with Fig. 49.27 Cherubism. Fibro-osseous lesions of the mandible prevent the
resorption of the lamina dura. formation of some teeth and displace others.
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Fig. 49.29 Ectodermal dysplasia. Much of the secondary dentition is
absent.

In some patients, the ectodermal dysplasia is associated with a
mesenchymal dysplasia, e.g. the Ellis-von Creveld s.yndrorne (chon-
droectodcrmal dysplasia).

Gardner's syndrome (osteomotosis-intestinal polvposis
svndrorne) This syndrome is inherited as an autosomal dominant.
The features include:

1. Multiple osteomas. These benign osseous excrescences appear
around puberty and arc found on the vault and mandible and in the
facial sinuses. Facial deformities result. Facial osteomas are larger
and much more common than those elsewhere, but they are seen on
the radius, ulna, tibia and fibula. Radiologically, dense areas of
bone are also seen in the vault; these lie within bone and are distin-
guishable from the exostoses (Fig. 49.30).

2. Other dental lesions. Compound odontomes and unerupted
supernumerary teeth are found in up to 50% of patients.

3. Skin lesions. Epidermoid inclusion cysts arise in 50% of
cases, around puberty. They are found anywhere on the body.
Other dermal lesions found are lipomas, fibromas and desmoid
tumours. The last arise in muscle, arc particularly prone to recur
after surgery for their removal, and may grow to a large size.
especially in the abdomen. Ureteric obstruction may result.

4. Polposis coli. Multiple adenomatous polyps arise around
puberty in the colon and rectum, and occasionally in the small
bowel. In view of their almost inevitable malignant transfornmation,
treatment is usually by prophylactic colectomy.

Fig. 49.30 Gardner's syndrome. Multiple osteomas are seen on the
mandible and in the paranasal air sinuses, together with areas of sclerosis in
the mandible.

Fig. 49.28 Cleidocranial dysplasia. (A,B) There is persistence of wormian
bones with maxillary hypoplasia, and a large number of primary and
unerupted secondary teeth with supernumerary tooth formation.
(C) A midline defect is present at the symphysis mentis.
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Fig. 49.32 Neurofibromatosis. The right side of the mandible is enlarged.
The right condyle is scalloped due to a local neurofibroma, while the origin
of the inferior dental canal is widened-also because of the local neuro-
fibroma.

Osteopetrosis I ncreased density of bone is seen in the mandible
and maxilla, so that the roots of the teeth may barely be visible.
The abnormal bone is highly susceptible to infection, and
osteomyelitis of the jaw is a recognised complication which may
l ead to loss of the mandible if not treated. Dental sepsis is also
more common, as the enamel is defective and the crowns pits
easily. The lamina dura around the roots is grossly thickened but
the periodontal membrane space is preserved.

Fig. 49.31 Gorlin syndrome. Multiple dentigerous cysts are seen in the
mandible.

Multiple naevoid basal-cell carcinoma and jaw cyst
syndrome ( Gor/in-Coltz, syndrome) This syndrome is inherited
as an autosomal dominant and consists of widespread skeletal and
dental abnormalities and jaw lesions. Consequently some patients
present to the dermatologist, some to the dentist, and some to the
orthopaedic surgeon.

I. Jaws and face. Large dental cysts occur in 75% of cases. They
are multiple, occurring in both maxilla and mandible, but more
commonly in the latter, often in the region of the third molar teeth.
The cysts usually start after puberty and present as a swelling in
the mouth, or with a pathological fracture. Radio] ogically,
the cysts resemble either odontogenic keratocysts or denti-
gerous cysts (see below) and may also expand into the antra Thalassaemia When severe, this causes the greatest amount of
(Fig. 49.31). Histologically, the cysts resemble odontogenic kcrato- marrow hyperplasia of all the haemoglobinopathies. The bones
cysts and so arc prone to recurrence. On occasion, transformation arc expanded, cortices are thinned, and trabeculae resorbed, so
to ameloblastoma and squamous-cell carcinoma has been that those remaining trabeculae are thrown into prominence. In
reported. the facial skeleton, expansion of the mandible may be marked.

2. Face and skull. Patients have bossing of the frontal and pari- causing separation of the teeth. The paranasal sinuses, with the
etal regions, giving a pagetoid appearance, with hypertelorism exception of the ethmoids, are obliterated by marrow (Fig. 49.33).
and prognathia. The sella turcica is often bridged over. The Gross thickening of the diploe affects all the bones of the cranium
falx ccrehri and adjacent meningcs show heavy plate-like with the exception of the basiocciput.
calcification.

3. Other skeletal anomalies. Rib abnormalities are common. Sickle-cell disease Marrow hyperplasia causes changes similar to

They are usually bifid, and this change may be bilateral. Synostosis those seen in thalassaemia, but generally of lesser severity. In

also occurs. Cervical ribs are found. Thoracic scoliosis and spiny addition, infarcts may cause local areas of bone sclerosis. A

bifida occulta are seen. Sprengel's shoulder occurs less commonly, ` rodent facies' may also be seen in severe cases, due to over-

as do short fourth and fifth metacarpals. This is an interesting also- growth of maxilla and mandible, with forward displacement of

ciation with intracranial calcification (see above), which also occurs anterior teeth.

in hypoparathyroidism.
4. Multiple naer'oid basal-cell carcinomas occur with increasing

frequency from the second decade on. These lesions are identical
with basal-cell carcinomas and arc distributed over face, neck,
thorax and upper abdomen.

Neurofibromatosis (von Recklinghausen's disease) This
syndrome is a complex one, with a combination of cutaneous and
deep neural tumours. Local overgrowth of a nerve (plexiform
ncurofibroma) is often associated with bony and soft-tissue hyper-
trophy in the innervated segment. The mandible is an unusual
bone in that a nerve actually runs within it, in the inferior dental
canal. With a neurotibroma of the inferior dental nerve, the canal
and its opening are widened and the hemimandible may be
enlarged. Erosion of the mandible may also result from extrinsic Fig. 49.33 Thalassaemia. The mandible is enlarged, the cortex thinned
pressure by a superficial neurotibroma (Fig. 49.32). and the trabeculae resorbed. The paranasal air sinuses contain marrow.



Fig. 49.34 Eosinophilic granuloma. Arrows point to the multiple
osteolytic lesions, which are well defined.

Fig. 49.36 Cyst of the antrum. (A) The dental lesion expands into the
antrum and has a well-corticated superior margin. (B) Aspiration of contents
and installation of contrast medium confirms the true nature of the cyst.

b. The dentigerous or !i4 licular cyst, which is a cyst related to

the crown of an unerupted tooth.
c. The primordial or odonto'e nic ke ratoc.vst. This often develops

i n place of a tooth and may reach a very large size, but is not as
common as the dentigerous cyst.

In addition, central or midline cysts tend to he fissural or
developmental in origin.

When a cyst arises on a tooth related to the floor of the
maxilla. the cyst extends into the maxillary antrum and appears
rather like a polyp. The floor of the antrum is displaced upward
by the cyst, however, and its upper surface is thus a thin dense
line, unlike a polyp. Aspiration of the contents and insertion
of contrast medium confirms the cystic nature of the lesion

( Fig. 49.36).

Fig. 49.35 The three common types of dental cyst. (A) Radicular cyst.
The tooth is carious, the cyst sits at the apex of the bone and absorbs the
l ocal lamina dura. (B) Dentigerous cyst. The cyst is related to the crown of
an unerupted tooth. (C) A large cyst which is not related to a dental
element - a primordial cyst.

Not only can the jaws be sites of bony lesions which occur through-
out the skeleton, hut since they also hear specialised organs the
teeth t hey have their own special local anomalies. In addition,
because of the nature of facial development in utero, abnormalities
of growth and fusion can occur.

Cysts of the jaws may conveniently be classified into:

I. Cysts of denial origin, developmental or post inflammatory
2. Non-dental, developmental or fissural cysts

3. Non-epitheliated cysts of hone, which may also be seen

elsewhere.

Mandibular and maxillary cysts often seem to present a problem
to the medical radiologist, yet their diagnosis is essentially simple.
There are three commonly seen cystic lesions (Fig. 49.35):

a. The apical or radicalar cyst. This is by far the most common.

It sits on the very apex of the root of a tooth, which is usually
carious.

Histiocytosis X

Lesions around the jaws are common, and both bone and soft
tissues are involved in as many as 50(7 of cases.

Localised destructive lesions of hone occur, especially in the
peripheral regions. The socket becomes destroyed and the tooth
`floats free'. Forming tooth-buds may be destroyed. Lesions are
often multiple, so that teeth either do not form or are rapidly exfoli-
ated. The bony defects heal well with radiotherapy (Fig. 49.34).
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Fig. 49.37 Odontogenic keratocyst. A large cystic lesion extends to the
base of the condyle and expands the bone. It is not related to caries or to
the crown of an unerupted tooth.

Fig. 49.39 Residual cyst. A well-defined cyst is all that remains of a
radicular cyst following dental extraction. Note reactive sclerosis elsewhere.

Fig. 49.38 Dentigerous cyst. The cyst is related to the crown of an
unerupted tooth.

These cysts are found primarily in adolescents and young adults.
The permanent mandibular third molar and maxillary canine are
especially affected. The cysts are usually unilocular. If multiple.
they may be associated with Gorlin's syndrome. On occasion, small
cysts are seen at the crown of a normally situated tooth which is
erupting. These eruptive cysts vanish when the crown reaches the
surface.

b. Postinflammatory Radicular (apical) cysts Most cysts of the
jaws are radicular. They lie directly upon the apex of a tooth.
which is usually diseased. They follow inflammation of the
pulp and apical bone, when a local apical area of chronic
i nflammation, the granuloma. may result. This is seen radio-
l ogically as a poorly defined para-apical area of bone
l oss rather like a Brodie's abscess. Chronic inflammation stirriu-
l ates local epithelial-cell rests at the dental apex, and the
granuloma becomes epithelialised. The well-defined radicular
cyst results. Its dense opaque margin is continuous with the
lamina dura at the periphery of the cyst, but within the cyst the
lamina dura is destroyed. These cysts are generally less than
1.5 cnm in diameter and in grossly carious mouths may he
multiple (Fig. 49.13).

Treatment is by removal of the tooth and curettage. This should
result in bony healing with gradual obliteration of the cavity.
Should the cyst persist after dental extraction, it is known as a
residual cyst and its origin cannot be interred from a radiograph
( Fig. 49.39).

(i) Odontogenic keratocyst (primordial cyst) These may

follow cystic degeneration of the enamel organ before the tooth
is formed, so that the cyst replaces the tooth, but they may also
arise from cctopic odontogenic epithelium. Should a normal
complement of teeth be present, the cyst is assumed to have
replaced a supernumerary tooth. Primordial cysts are more
common in young men, but may be seen at all ages. They are
slow-growing but may reach a very large size and may occupy
the entire ascending ramus (Fig. 49.37). The cortex becomes
thinned and an axial view also demonstrates expansion in the
buccal-lingual plane. They are most commonly seen in the poste-
rior mandible and arc usually monolocular. These cases present
either because a critical size is reached and the patient feels a
fluctuant swelling of the mandible, or because of secondary
i nfection and purulent discharge.

Because of their growth potential, they may abut against an ini-
tially unrelated and uneruptcd tooth. A dentigerous cyst is then sim-
ulated, although the size and location may help in differentiation.
The diagnosis is in any case confirmed by enucleation and histolog-
i cal examination.

These cysts are almost inevitably ke atinised and are very likely
to recur unless removed completely. Long-tern follow-up is there-
fore advisahle.

(ii) Dentigerous cyst (follicular cyst) Cystic degeneration of
the enamel organ may occur after the tooth has been formed but
before it has erupted. This results in a cyst related to the crown of
an uneruptcd tooth. Cysts enlarge in part because of local hydro-
static imbalance. if the pressure within the cyst exceeds the erup-
live pressure of the tooth, that tooth is prevented from erupting. It
becomes displaced, often for some distance. Part of the crown

always remains in contact with the cyst (Fig. 49.38).
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are non-specific and the diagnosis is essentially histological. There is
a tendency for the lesion to extend upward, between the teeth, to the
alveolar margin.

b. Aneurysrnal bone cyst. These present as a well-defined expan-
sile radiolucency, displacing teeth. Again, the lesion is not common
i n the jaws. and histology is usually needed to confirm its identity.
They may be secondary to other tumours (Fig. 49.42).

2. Developmental (fissural) cysts

These presumably occur at sites of fusion of embryonic processes.
Such cysts are:

a. Medial mandibular (Fig. 49.40).
b. Medial rnaxillarvr c. Nasopalatine.

The nasopalaline ducts connect the nasal cavity
with the palate behind the central incisors. Four ducts are present in
utero, two on either side of the midline. Failure of normal ductal
obliteration may result in local epithelial remnants undergoing
cystic degeneration.

d. Globulomaxillar_y. These cysts look like an inverted pear and
lie between the upper lateral incisor and canine, the roots of which
are diverged. There is some doubt as to whether these are fissural or
i nflammatory. The majority are odontogenic keratocysts (Fig.
49.41).

Benign tumours of bone do occur in the jaws but are not common.
Any of the local elements of bone-osteoid, fibrous tissue, blood
vessels, etc.-can give rise to benign tumours. There is some doubt
as to whether cartilaginous tumours can arise in the jaws, which are
formed in membrane. Such lesions as have been described may
have arisen from 'rests'. Enchondroma, osteochondroma and chon-
drosarcoma have all been (rarely) described.

Osteoma Both osteoid ostcoma and 'simple' osteoma have been
described. An ostcoma may be seen as a dense, well-defined

l obular mass, e.g. in Gardner's syndrome (Fig. 49.30), and may
be attached to the outside of the bone or lie within it. Central scle-

rosing lesions, however, may also be due to old sepsis or trauma
or may be fibro-osseous in origin (see Sclerosing Lesions, above).

Torus palatinus i s an exostosis of cortical origin in the midline of
the palate. Torus rnandibularis presents as an exostosis on the
lingual aspect of the mandible in the premolar region. It is best seen
on occlusal views. The lesions are probably genetically inherited.

Osteoelastoma A true osteoclastoma is rare in the jaws but a
Giant-cell lesion can arise in young jaws (from 7 years to the early
?Os) called, after Jaffe, a giant-cell reparative granuloma. It is a
central soft-tissue mass replacing bone, and may look clear-cut
like a cyst, or have a much less well-defined margin. It arises in
the tooth-hearing part of the jaw, and will displace developing
teeth and expand the bone (Fig. 49.43).

Fibrous lesions Fibrous dysplasia, cherubism and cementomas
(see above) are common fibro-osseous lesions which all have their
origins in fibrous tissue.

Fibromatous and cartilaginous lesions both cause localised areas
of ostcolysis which have a tendency to ossify.

Fig. 49.40 Midline mandibular cyst. This could be a radicular cyst but
the local teeth are normal radiologically and vital.

Fig. 49.41 Dens in dente and a globulomaxillary cyst.

Oral cancers only comprise up to 2% of all malignant tumours in
England but are very common in Asia. Most of these lesions are

squamous-cell carcinomas. Precipitating factors include poor oral
hygiene, cigar and pipe smoking, alcohol, and possibly syphilis.
Betel-nut chewers in India and England also have a high incidence
of oral cancers, as do people with leucoplakia. Oral squamous-cell
carcinoma is more common in men.

The lesion readily becomes attached to bone, but X-ray evidence
of bone destruction by the invading neoplasm is less frequent. The
bone destruction has an ill-defined irregular margin.

Carcinomas also occur in the antra and may cause dental symp-
toms, with swelling, loss of teeth, and bone destruction. The antra
are opaque and the tumour breaches the antral walls to extend into
l ocal soft tissues (Fig. 49.44).

a. Simple hone cyst. These may follow trauma and are thus also
known as traumatic cysts. They appear in young patients, usually
boys, in the posterior aspect of the body of the mandible. Like other
types of cyst, they are vaguely spherical, well-defined, and sur-
rounded by a thin dense zone of reactive sclerosis. These features



Fig. 49.43 Boy aged 8. An occlusal view of a large giant-cell lesion
expanding the right maxilla which has displaced several teeth.

Ameloblastoma This is a not uncommon lesion. It accounts for

1 % of oral tumours in Europe but has a much higher incidence in

Africans (0.3% of all tumours). Most lesions present in middle age,

but they may occur at all ages. Men are more commonly affected.

Ameloblastoma occurs mainly in the molar region of the mandible.
Fig. 49.44 Carcinoma of the maxillary antrum. (A) The radiograph shows

Radiologically, the lesions are expansile, with thinning of the cortex a soft-tissue mass invading the floor of the right antrum. (B) CT confirms
i n the huccal-lingual plane. The lesions are classically multilocular the change and shows the highly invasive nature of the tumour.

Fig. 49.42 Fibrous dysplasia and resulting degeneration into aneurysmal bone cyst. (A) The initial radiograph shows an expansile, well-demarcated
lesion displacing teeth; there is a mixed pattern of lysis and sclerosis. These changes are typical of fibrous dysplasia. Subsequently expansion took place
(B) and the lesion became more cystic. (C) The bone scan at this time shows a mixed pattern with a central cold area. (D) The CT scan shows the
expanded mandible and the now essentially cystic nature of the lesion. (E) MRI confirms the change in the nature of the lesion from a solid to a fluid-filled
tumour.
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If the diagnosis is likely radiologically, block excision of bone

should be carried out so that no satellite lesions are left behind: if
the tumour is completely excised, recurrence is unlikely. Following
i ncomplete excision and re-exploration, however, the lesion may be
spread both locally and to the lungs. The probable route of pul-
monary spread is by cellular aspiration.

0steosareoma This is an uncommon tumour in the jaws and has
a higher age of incidence than classic osteosarcoma elsewhere,
being seen in the third and fourth decades. The radiological
appearances are no different from those found elsewhere, but the
lesions have a better prognosis, with a higher 5 year survival rate
(Fig. 49.47). Occasionally, sarcomatous changes develop follow-
ing irradiation or Paget's disease, but reported cases are few.

Ewing's tumour This lesion affects the same age group in the
jaws as elsewhere. It is predominantly lytic, as elsewhere, and the

prognosis is poor (Fig. 49.48).

Metastases Secondary deposits may be blood-borne but because
the jaws are low in marrow, the incidence of secondaries is not as
high as in the axial skeleton (Fig. 49.49). In the mandible they
may cause anaesthesia of the lip if the interior dental nerve is
compressed. Metastases are not commonly seen either radiolo-
gically or on radionuclide scans, even if they are present else-
where in the skeleton.

Myeloma This is seen more often in the mandible than are sec-
ondary deposits, apparently in up to 30% of cases, although

lesions of the mandible are not as common as those of the skull
vault. The radiological appearances are as elsewhere.

Burkitt's lymphoma This condition occurs throughout the world

but especially in equatorial Africa, where it accounts for 50'" of
all childhood malignancies. The jaws are frequently affected by
massive tumours that deform the face, but the lesions are multifo-
cal. The antrum and orbits are involved more often than the

mandible. Destruction of' hone often starts around the roots of the
teeth, which are then exfoliated. The area of destruction increases
in size and massive tumours form, deforming the face, invading
the orbits, and enlarging the mandible. New bone forms in these
l esions, giving a coarse, spiculated, sunray appearance.

The temporomandihular joint is the site of the usual afflictions of

joints. It is eroded by local synovial or osseous tumours. Up to
50% of patients with rheumatoid arthritis have symptoms referable
to the joint but not all have erosive change (Fig. 49.50).

Hypcrparathyroidism in renal osteodystrophy occurs locally, with
cortical resorption and demineralisation (Fig. 49.51). Dysplasias
of bone, especially the mucopolysaccharidoses, cause abnormal
condylar shapes. Ankylosis is seen in fibrodysplasia ossificans

progressiva.
Most radiological examinations of the temporomandibularjoints

are undertaken for local pain, limitation of movement, clicking
joints or crepitus. Patients often have a history of bruxism. On clini-
cal examination the joint may be tender and its excursion limited.
Masseteric hypertrophy and pterygoid tenderness are often present,
and sometimes dental malocclusion. These patients are often young

to middle-aged women who may be aided by minor tranquillisa-
tion, which relaxes the muscles of mastication and inhibits bruxam

Fig. 49.46 Ameloblastoma. A multilocular cystic lesion erodes the root of
a molar but also prevents eruption of a wisdom tooth. The ameloblastoma
may be secondary to a dentigerous cyst.

Fig. 49.45 Ameloblastoma. (A) The radiograph shows a well-defined
multilocular lesion which characteristically reaches the alveolar margin and
erodes teeth. This latter feature is unusual in lesions other than ameloblas-
toma. (B) The CT scan demonstrates the marked expansion caused by these
tumours in the axial plane.

cystic 'soap-bubble' or `honeycomb' in appearance, with peripheral
satellite defects which are well demarcated (Fig. 49.45). On patholog-
ical examination, the defects may he found to be truly cystic, or cellu-

l ar. On occasion, unilocular ameloblastomas are seen, resembling

dcntigcrous cysts or odontogenic kcratocysts (Fig. 49.46) (similarly,
the latter may also be multilocular).



Fig. 49.47 Osteogenic sarcoma in a 26-year-old man. (A) Panoramic view shows a large bone-forming tumour affecting the right hemimandible and
crossing the midline. (B) CT scan confirms the extent of involvement. (C) Radioisotope bone scan also delineates the affected area.

Fig. 49.48 Ewing's tumour. These lesions are uncommon in the mandible. (A) In this patient an osteolytic lesion is present in the left ascending ramus
and condyle; it is expansile and shows slight residual trabeculation. (B) The CT scan shows a large soft-tissue mass associated with bone destruction in the
left ascending ramus.

and jaw clenching at night. Radiologically, some of these patients i s often found to he present. The meniscus is usually thinned poste-

have changes which are similar to those of osteoarthritis elsewhere, riorly and bunched forward anteriorly. This acts as an obstruction to

with flattened condyles, a narrow joint space and limitation of mouth opening. If the condyle can traverse the mass, an audible and

movement. At arthrography and MR scanning, meniscal deformity palpable click is produced (Figs 49.52-49.54).
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Fig. 49.51 Hyperparathyroidism in renal osteodystrophy with medullary
and cortical bone resorption. (Courtesy of Dr R. Dick, Royal Free Hospital,
London.)

Fig. 49.49 Carcinoma of the breast with metastases to the mandible.
The initial film shows gross bone resorption of the left hemimandible. The
lower illustration shows the appearances following radiotherapy.

Fig. 49.52 Deformity of the meniscus is shown at injection of the lower
compartment. There is a large anterior meniscal mass. The condyle passes
over it with an audible 'clunk'.

Fig. 49.53 TMJ malfunction syndrome (A-C). The preliminary tomogram
shows narrowing of the posterior portion of the joint with widening of the
anterior. This usually implies anterior displacement of the meniscus. These
changes are confirmed at arthrotomography and the deformed anteriorly
displaced meniscus prevents significant forward movement of the condyle.

Fig. 49.50 Rheumatoid arthritis. (A) Erosion of the condyle is marked.
(B) Injection of the lower joint space shows the hypertrophic synovium
associated with rheumatoid arthritis.



The mandible is shaped like a hemisphere which is fairly rigidly
attached to the base of the skull at the temporomandibular joints.
Ring-like structures in general fracture in two places, not just one, and
the mandible is no exception. If a fracture line is clearly visible on one
side, the other side must be closely inspected for a fracture or
temporomandibularjoint dislocation. Following fracture, the mandible

must be radiologically examined in two planes (Fig. 49.55). A pano-
ramic view should be accompanied by an anterior view and a Towne's
view to visualise the condyles and zygomatic arches. Lateral oblique

Gorlin, R. J., Pindborg, J. J., Cohen. M. M. (1976) Syndromes of the Head
and Neck, 2nd edn. New York: McGraw Hill.

Lucas, R. B. (1976) Pathology ofTumours of the Oral Tissues, 3rd edn.
Edinburgh: Churchill Livingstone.

Manson-Hing, L. R. (1980) Panoramic Dental Radiographv. 2nd edn.
Springfield. IL: Charles C. Thomas.

Murray, D., Whyte. A. (2002) Dental panoramic tomography: what the
general radiologist needs to know. Clinical Radiology, 57, 1 -7.

Stafne, F. C. (1983) Sta.fne'.s Radiographic Diagnosis, 5th edit. Philadelphia:
Saunders.

Trapnell, D. II., Bowerman, J. E. (1973) Dental Manifestations of .$ stemic
Disease. London: Butterworths.

Fig. 49.55 Fracture of mandible. (A) As is often the case, the mandible has fractured in two places. One fracture extends through the wisdom tooth.
(B) The AP view demonstrates normal alignment at the angle of the mandible.

Fig. 49.54 The anteriorly displaced meniscus is shown on MRI as a low-
signal mass anterior to the bright signal of the condyle.
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views are not generally as helpful or as easy to take as panoramic
views. Base or occlusal views assess displacement around the symph-
ysis mentis hut may not be possible because of local pain or trismus.

Fractures occur in the midline following a blow to the point of
the jaw and may be accompanied by unilateral or bilateral condylar
fractures or dislocations. A fracture line often extends into a tooth
socket, loosening or fracturing the tooth (Fig. 49.56). Fractures of
the body are usually vertical or oblique, but transverse fractures of
the alveolar processes also occur. Following mandibular and, espe-

cially, condylar fractures, unopposed muscle pull can cause
significant displacement of fragments. Condylar fractures arc
usually low and extracapsular (Fig. 49.56A), and the condyle is

usually displaced medially on an anterior view radiograph
(Fig. 49.56B). It then fuses at its base in the abnormal position.
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ocular echoes, they seldom yield information which usefully sup-
plements that of the B-scan.

Ultrasound images of the eye give an accurate 2D representation of
the normal anatomical structures (Fig. 50.1 ). The cystic structure and
superficial position make the eye ideal for ultrasound examination.
Knowledge of the anatomy and firm structural anchoring points of the
vitreous, inner and middle coats enables the pathological appearances
of the detached vitreous, retina and choroid to he understood.
Ultrasound is the most practical method of obtaining images of the
posterior segment of the eye when the light-conducting media are
opaque. and this is the most useful investigation prior to vitrectomy.

The skilled practitioner is able to study characteristics of the
notion and topography of pathological intraocular structures, dif-
ferentiating retinal detachment and vitreous membrane, or tumour
and haemorrhage. Ultrasound contributes more to tissue diagnosis
than CT or MRI, as these cannot scan in real time and lack spatial
resolution. For most diagnostic purposes real-time B-scanning is
the mainstay technique. The 2D B-scan image displays ocular
structures much more effectively than the one-dimensional A-scan,
but variations in echo amplitude from tissue interfaces are not as
clearly demonstrated by grey-scale imaging as with the A-scan.
Although combined B- and A-scanning is used in some centres, and
standardised A-scan systems provide quantitative data on intra-

The globe is the principal structure in the anterior orbit, embedded
i n fat but separated from it by a membranous sac termed the fascia
bulbi or Tenon's capsule (Fig. 50.2). The eyeball is composed of
segments of two different-sized spheres. The transparent anterior
segment forms about one-sixth of the eyeball, and is part of a small
sphere. The opaque posterior segment forms about five-sixths of the
eyeball and is part of the larger sphere. The optic axis is a line

joining the anterior pole-the central point of the anterior curva-
ture of the globe, to the posterior pole-the central point of its pos-
terior curvature. The normal axial length of the eye is 24 mm.

Sclera and cornea
The wall of the eyeball is constructed of three coats which enclose
the transparent media (Fig. 50.3). The outer coat is tough and fibrous,

Fig. 50.1 ( A) Normal eye showing iris (small arrow), posterior lens
surface (arrow) and clear vitreous (open arrow). Horizontal scan.
(B) Normal eye deviated left, showing optic nerve (arrow). Horizontal scan. Fig. 50.2 Vertical section of the eye and orbit. (From Cosgrove et al 2001.)
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Choroid ciliary body, and iris
The intermediate coat is a continuum of vascular tissue comprising
the choroid, the ciliary body and the iris, and is an expansion of the
arachnoid and pia of the optic nerve. The choroid is a thin, erectile
vascular layer which may be up to I mm thick and is of lower
reflectivity than the retina and sclera. It lines the posterior part of
the sclera, from which it is separated by the suprachoroidal space, a
thin connective tissue layer across which the ciliary arteries, veins
and nerves pass. A few loose connective tissue fibres hold most of
the choroid in position. However, anteriorly, the choroid ends at the
ora serrata, where it merges into the pars plana of the ciliary body,
the latter being firmly attached to the scleral spur. Posteriorly, the
choroid is firmly attached to the exit foramina of the vortex veins
and point of entrance of the optic nerve. The basal lamina (mem-
brane of Bruch) is a transparent membrane which separates the
vascular layer of the choroid from the pigmented layer of the retina,
to which it is firmly adherent.

The periphery of the iris is attached halfway along the short ante-
rior side of the triangle made by the ciliary body. The iris is a con-
tractile diaphragm up to I nun in thickness situated in front of the

lens, obscuring the anterior lens surface on ultrasound scans, and
the pupil is a circular aperture positioned slightly toward the nasal
side of the centre of the iris. The iris partially divides the space
between the cornea and lens into two sections which are filled with
aqueous humour the anterior and posterior chambers of the eye.

Retina
The retina is the innermost, nervous membrane of the eyeball. Its
anterior surface is clearly identifiable on ultrasound examination
but the posterior surface of the retina merges with the choroid and
i s difficult to resolve separately. It is an expansion of the neural
substance of the optic nerve, whose fibres arc spread out in the
nervous layer of the retina. There are two layers: an outer pig-
mented layer attached to the choroid, and an inner nervous layer-
the retina proper-in contact with the vitreous body. The retina
originates from the entrance of the optic nerve, from which it
spreads out to end at the posterior edge of the ciliary body in a
dentate line named the ora scrrata. The thickness of the retina is
0.4 mm near the entrance of the optic nerve, but reduces to 0.1 mm
at the ora serrata. Around the optic disc and at the ora serrata the
retina is more firmly adherent to the choroid than elsewhere. The
optic disc has a diameter of about 1.5 mm, and its circumference is
slightly raised. It is situated about 3 mm to the nasal side and
slightly above the level of the posterior pole, and is important as the
site of entry of the retinal arteries and exit point for retinal nerves
and veins. The macula is positioned 4 min lateral to the centre of

the optic disc and I min inferiorly. Its central part, the fovea
centralis, is a shallow depression. The macula is the area of the
most acute vision, but the optic disc is insensitive to light, and is

known as the `blind spot'.
During scanning, the well-recognised artefacts 'Baum's humps'

are sometimes seen on the retina, named after the first documenter
of B-scanning (Fig. 50.5). These are caused by refraction and
i ncreased propagation velocity of ultrasound in the lens.

Refracting media
The transparent or refracting media of the eyeball comprise the
cornea, the aqueous humour, the lens and the vitreous body,. The
aqueous humour is a dilute saline solution, secreted into the poste-
rior chamber from the vessels of the iris and the ciliary processes.

1552 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 50.3 Horizontal section through eye. (From Cosgrove et al 2001.)

comprising the sclera and cornea, which are almost avascular. The
bulbar conjunctiva is attached to it by loose connective tissue. The
sclera is a cup-like expansion of the dural sheath of the optic nerve
and is resolvable from the inner layers of choroid and retina
(Fig. 50.4). It is thicker posteriorly (1 mm) than anteriorly (0.6 mm) or
at the equator (0.5 mm). The optic nerve pierces the sclera posteriorly,
3 nun to the nasal side of the posterior pole and slightly above the
horizontal meridian. Near the equator there are four apertures the
exit foramina of the vortex veins, one in each posterior quadrant.

The cornea is continuous with the sclera, but its laminae of
fibrous tissue are transparent instead of opaque white. It bulges
forward from the sclera and is slightly thicker. The corneoscleral
junction is circumscribed by the sinus venosus sclerae (canal of
Schlemm), at the periphery of the anterior chamber. Aqueous
humour at the iridocorneal angle drains into the canal, which com-
municates with the anterior scleral veins.
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side, during which the motion of intraocular structures is observed.
Complete visualisation of the ocular contents is achieved by careful
movement and orientation of the transducer, with the eye in the
primary (straight ahead) position and in all directions of gaze. The
mobility of the eye enables up to 50° of movement in any direction
from the primary position, and the structure of the coats of the eye
(the sclera, choroid and retina) resists deformation during these
movements. The vitreous, however, is an elastic body which lies in
free contact with the retina over most of its area. so distortion of the

gel occurs with each eye movement. Mobility of the pathological
vitreous and retina may be observed during dynamic scanning.
together with vitreoretinal adhesions: following an ocular excur-
sion, after-movements may continue for approximately a second.

The gel moves as a complete body, but the detached retina undu-
l ates as a membrane, unless fixed by fibrosis. Choroidal tumours
appear solid, and their attachment to the ocular wall is apparent,
whereas vitreous, retrohyaloid or subretinal haemorrhage may swirl
and sediment during eye movements. When vitreoretinal microsur-
gical techniques are being considered, information provided by

these methods of scanning about the structure and mobility of the
ocular contents is of great importance for assessing surgical

approach and prognosis.

The lens i s a transparent biconvex body enclosed in a transparent
elastic capsule. It is 10 mm in diameter and 3-4 mm in thickness.
Its posterior surface, which rests on the vitreous, is more convex
than the anterior surface. The interior of the normal lens is ane-

choic, but echoes arise from the central part of the posterior lens
cortex as a fine curve. The vitreous body is a transparent gel, occu-
pying the posterior four-fifths of the eyeball. It comprises a collage-
nous matrix containing mucopolysaccharides and water, the latter
making up over 98% of the substance of the gel. The vitreous is
indented anteriorly by the posterior convexity of the lens, and is
adherent to the ciliary processes behind the iris. It is also attached
to the optic disc, but more firmly at the pars plana, just in front of
the ora serrata. Elsewhere it lies free, in contact with the retina. The
normal gel is acoustically clear, but its posterior surface is some-
ti mes seen undulating off the retina during dynamic scanning.

B-scan
The high resolution of images produced by currently available
general purpose ultrasound scanners has made eye scanning a prac-
tical proposition for all departments possessing a short-focus, 10 or

1 2 MHz real-time, small-parts probe. Sector scanning is carried out
with the patient lying supine, which gives stability and support to
the head, making it easy for the patient to remain motionless. In
this position, the pull of gravity is exerted in the direction of the
optic axis, enabling a detached vitreous still suspended from the
vitreous base, or the sedimentation of blood, to be readily assessed.
However, some operators prefer the patient to be sitting in the erect
position. The main method of examination is the `contact' method,
when the probe is placed directly on the closed eyelid, with an
intervening coupling gel. Alternatively, some purpose-built probes
require direct contact with the topically anesthetised eyeball. A
stand-off facility, with a small fluid-filled compartment, has the
advantage of improving visualisation of anterior structures.

The aim is to image the globe while static, and during rapid eye
movements with the patient deviating the eyes to the right and left

These may be applied to intraocular structures, both normal and
pathological, to the eye itself, and to the ophthalmic and carotid
vessels which supply the blood. Doppler studies rely upon a
frequency shift in the signal returning from sound scatterers
(erythrocytes) in blood to determine blood flow through a vessel.
Pulsed Doppler is required to discriminate between blood flow at
different depths (range resolution).

Orbital vascular disease and amaurosis fugax (transient ocular
ischaemia) are closely associated with carotid arterial disease and
stenosis. Doppler studies can determine the degree of stenosis by
demonstrating the flow velocity in the carotid and degree of turbu-
lence, the flow in superficial temporal vessels, and the direction of
flow in supraorbital vessels (reverse flow occurs in severe internal
carotid disease and in the presence of an anastomotic circulation).
Flow has also been studied in the ophthalmic artery and its
branches and in pathological structures within the orbit, including
quantification of vitreous mobility in posterior vitreous detachment.
Problems encountered in imaging a vessel as small as the oph-
thalmic artery (0.7-1.4 mm linear diameter) are overcome by
employing duplex scanning, where a real-time B-scan is displayed
simultaneously with the Doppler spectrogram (Fig. 50.6). The situ-
ation is further clarified by triplex scanning which includes the
superimposition of colour coding. The latter is done on the basis of

Fig. 50.6 Colour Doppler
scan showing normal central
retinal artery (red) and vein
(blue).



The indications for eye scanning arc:

• Opacity of light-conducting media, making direct vision by

ophthalmoscopy difficult
• Suspected intraocular tumour-solid lesions are readily

diagnosed, sited and measured by ultrasound
• Differentiation of serous and solid retinal detachment; a detach-

ment may conceal a tumour-the subretinal area is clearly
demonstrated by ultrasound

• Examination of the vitreous
• Localisation of foreign bodies
• Ocular measurements (biometry by calibrated A-scan)
• Proptosis (CT and MRI are usually more helpful)
• Doppler investigation of orbital vascular disease and tumours.

Patients with opaque light-conducting media form the majority
of referrals, especially those with cataracts and haemorrhages. It i~
not necessary to scan every patient with a cataract, but if other
symptoms develop, for example inflammation, pain, rapidly wors
ening vision or the development of glaucoma, then a scan must be
performed to determine any coexistent pathology.

When vitreoretinal surgery is contemplated, ultrasound assess
ment of the globe is mandatory. The information required includes:

• The state of the vitreous
• The position and extent of any intraocular lesion visible by

ultrasound
• The condition of the retina, and particularly the macula
• The motility of the contents of the globe, which has a direct

i nfluence on operability
• The relation between the vitreous and retina, mapping out any

vitreoretinal adhesions.

Cataract
Cataracts are usually seen incidentally when scanning the posterior
segment of an opaque eye. The lens outline is seen particularly well

i f there is a senile subcapsular cataract which leaves a deposition of
reflective material below the lens capsule (Fig. 50.7). Immature
cataract is one in which scattered opacities are separated by clear
zones. Mature cataract forms a totally opaque cortex, which results
i n a very dense lens on scanning.

Intraocular lens implant
These prostheses impede scanning; knowledge of the presence of
an implant is important prior to undertaking the examination.
Cataract extraction is frequently followed by intraocular lens
i mplantation posterior chamber implants lie behind the iris, and
anterior chamber implants in front. The artificial lenses are manu-
factured from plastics, which cause a dense artefact in the anterior
vitreous during scanning if the incident sound beam passes through
the implant (Fig. 50.8). A plane of examination to the side of the
l ens must therefore be sought.

Ectopia lentis
The lens without cataract is less easy to image, but it is possible to
i dentify the ectopic lens in congenital disorders. Bilateral lens sub-

luxation in an upward direction is a feature of Mar/on's syndrome,
which is also a cause of retinal detachment due to retinal degenera-
tion. Homo( r.sNnuria i s an inborn error of metabolism giving rise to
high levels of homocystine in the plasma and urine. In this condi-
tion lens subluxation is typically downward (Fig. 50.9). Glaucoma
may result from pupil block, due to lens incarceration in the pupil,
or from a total dislocation into the anterior chamber. Retinal detach-
ment is also a complication.

direction of flow; traditionally arteries are coded red and veins blue.
Positioning of a variable width gate on the B-scan helps to locate
accurately the origin of the Doppler signals. Although the position
of the ophthalmic artery itself is variable, its most common anatom-

i cal position is known to be inferonasal to the optic nerve, behind
the globe. The choroid receives most of the blood supply to the eye
via the posterior ciliary branches of the ophthalmic artery.
Examining the artery close to the globe, therefore, excludes blood
flow to branches supplying extraocular structures and gives an
accurate estimation of blood flow to the eye itself. Changes in sys-
temic blood pressure and intraocular pressure have a direct effect
on ocular blood flow as there is no autoregulation of the choroidal
vasculature.

Flow velocities measured in the central retinal artery (CRA) and
central retinal vein (CRV) at the optic nerve head may indicate
whether CRA or CRV occlusion has occurred if the examination is
carried out within days of the onset. Although Baxter concluded
that no routine application had emerged for colour Doppler imaging
( CDI) in the orbit, it is this author's experience that CDI is a useful
supportive method of diagnosing intraocular tumours such as
melanomas, metastases and retinoblastomas, tumour vessels
showing vividly as pulsating channels or lakes of colour. Melanoma
i s occasionally mimicked by benign, conditions such as disciform
l esions, subretinal haemorrhage or choroidal folds. In this situation
the demonstration of tumour vasculature by CDI is a considerable
aid to differential diagnosis.
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Fig. 50.11 Total retinal detach-
ment, firm anatomical attachment
posteriorly at optic nerve head
(arrow), and anteriorly at ora
serrata. Horizontal scan.Fig. 50.9 Ectopic lens (arrow) and retinal detachment in homocystinuria.

Horizontal scan. (From Cosgrove et al 2001.)

Pathological conditions affecting the retina and vitreous are interre-
lated, and will therefore be considered together.

Retinal detachment
Retinal detachment (RD) may he due to a break or tear (rheg-
matogenous detachment) from degeneration or trauma, resulting in
the entry of subretinal fluid (Fig. 50.10). Non- rheginatogenous

detachment is caused by either vitreoretinal traction from contract-

i ng membranes or subretinal exudate. Detachments do not normally
extend beyond the firm anchoring points of the ora serrata anteri-
orly, and optic nerve head posteriorly. A total detachment therefore
shows a funnel-shaped appearance (Fig. 50.11) and, particularly in
recent, rhegmatogenous detachment, dynamic scanning reveals an
undulating, sinuous or whiplash motion of the retinal membrane.
Although a minority of RDs remain stationary for some years, if
untreated most RDs become total and progressively immobile due
to the development of preretinal fibrosis (Fig. 50.12). The retina
contracts to form a taut membrane stretched between the optic disc

and periphery.
The aim of ultrasound is to diagnose RD early so that surgery

may be carried out to seal the break by laser or cryotherapy and re- Fig. 50.12 Proliferative vitreoretinopathy showing triangular retinal
establish contact between the RD and retinal base. detachment and transvitreal membrane (arrow). Horizontal scan.



Fig. 50.15 Drusen of optic nerve head (arrow). Horizontal scan. (From
Cosgrove et al 2001.)
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Acquired retinoschisis
This condition is prevalent in hypermetropes, when the sensory
retina splits into two layers: it is present in about 5% of the popula-
tion above 20 years of age. The inferotemporal periphery of both
fundi is affected initially (Fig. 50.13), but the lesions may progress
circumferentially to involve the whole periphery of the fundus. The
usual (plexiform) type remains anterior to the equator, but the retic-
ular form may progress posteriorly and encroach upon the fovea.
Scanning demonstrates a focal, dome-shaped membrane which is
thinner than a retinal or choroidal detachment. Serial scanning
monitors the development of this complication. Retinal detachment
is a rare complication of acquired retinoschisis.

Disciform lesions
These are a manifestation of senile macular (or paramacular)

degeneration (SMD), giving rise to an elevated collection of sub-
retinal exudate and fibrosis. The early changes are rupture of
Bruch's membrane by the penetration of a neovascular membrane
derived from the choroid. The neovascular tissue may bleed or leak, Fig. 50.14 Disciform lesion (arrow), small subretinal haemorrhage.
producing subretinal exudate which subsequently absorbs or heals Horizontal scan.
by fibrosis. Macular degeneration is usually bilateral, but the sever-
ity and progression are often asymmetric. Subretinal elevation i n the second decade they become visible on the surface of the optic
caused by SMD may therefore mimic a choroidal tumour. On ultra- disc as bright, pearl-like nodules, and scanning demonstrates a col-
sound, the lesions are frequently dome-shaped but are sometimes lection of calcific material in the optic nerve head, sometimes
irregular in outline with a heterogeneous appearance, ranging from standing proud and casting a dense acoustic shadow (Fig. 50.15).
low to high reflectivity. Serial scans may document a decrease in Congenital drusen usually remain asyniptomatic throughout life,
size over a period of weeks, which may be the most significant but occasionally cause visual impairment due to haemorrhage or
feature to differentiate a disciform lesion from a small melanoma or neovascularisation.
other tumour (Fig. 50.14). Colour Doppler imaging may be of help Drusen are also a manifestation of age-related macular deg( er-

in the diagnosis of lesions over 3 min in size, if the presence of ation (AMD). Small globular collections of hyaline material are sit-
tumour vasculature is demonstrated. uated between the basal lamina of retinal pigment epithelium, and

the inner, collagenous layer of Bruch's membrane. They are distrib-
Drusen (hyaline bodies) uted symmetrically at the posterior pole of both fundi and are rarely
This congenital optic disc anomaly manifests as hyaline, calcific visible before the age of 45 years. With advancing age they increase
deposits within the substance of the optic nerve head. These lie in size and number, and secondary calcification occurs. Often they
below the surface of the disc in children and may be confused clini- are localised to the macular or extramacular region and may elevate
cally with papilloedema, leading to unnecessary investigation. Early the retina without impairing vision. Many patients with drusen have

normal vision throughout life, but a significant number of elderly
patients develop progressive impairment of central vision due to
AMD.



Choroidal detachment
A complete choroidal detachment shows fluid in the supra-
choroidal space, limited by the attachments of the choroid-
anteriorly to the ciliary body and hence the scleral spur, posteriorly
at the exit foramina of the vortex veins. A complete detachment
therefore appears on scanning as convex indentations of the globe
(Fig. 50.16). If the vortex veins are absent or avulsed, the detach-
ment may extend to the optic disc. Choroidal detachment in associ-
ation with RD is not pathognomonic for an exudative detachment,
because many rhegmatogenous detachments have an associated
choroidal detachment (Fig. 50.17). Scanning may reveal choroidal
tumour (melanoma, secondary deposit or retinoblastoma) as the
cause of exudative RD, but the aetiology also includes endogenous
uveitis and infection.

Choroidal haemorrhage may follow trauma or surgery and
occasionally occurs spontaneously. These lesions are dome-
shaped and the suprachoroidal blood is solid-looking when
clotted. However, it may liquefy over a period of time and start to
absorb (Fig. 50.18).

Fig. 50.18 Suprachoroidal haemorrhage (arrow). Horizontal scan.

The vitreous is a transonic gel in the young person but with advanc-
i ng age fine points of low reflectivity may develop within its struc-
ture. With careful adjustment of the scanner's sensitivity, dynamic
scanning shows some undulations of the posterior hyaloid surface
with eye movements, and the posterior surface of the gel is seen
transiently when correctly aligned to the incident sound. The vitre-
ous is more readily imaged if it is occupied or surrounded by
reflective pathological material, and with movement the gel is a
deformable, elastic body.

Persistent hyperplastic primary vitreous (PHPV)
This is a serious unilateral developmental disorder of the vitreous
and a cause of leucocoria, or white pupil. Embryologically, the vit-
reous develops from the primary vitreous, which occasionally per-
sists in a microphthalmic eye. In the more common anterior type,
PHPV is characterised by the presence of a retrolental membrane
and the lens is thinner than normal. In the rarer posterior type, a
dense membrane containing the hyaloid artery extends from the
retrolental region to the optic disc (Fig. 50.19) and may cause trac-
tional retinal detachment.

Fig. 50.16 Choroidal detachment. Horizontal scan.

Fig. 50.17 Choroidal and retinal detachments with vitreous collapse. Fig. 50.19 Persistent hyperplastic primary vitreous showing linear
Horizontal scan. membrane (arrow). Horizontal scan, eye deviated left.
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Vitreous haemorrhage
This is one of the commonest findings when scanning the eye.
Haemorrhage in the vitreous cavity may occur inside the gel, within
the retrohyaloid space (retrohyaloid or subvitreal haemorrhage) or
i nto both compartments. Causes include tearing from vitreoretinal
traction, diabetic retinopathy, age-related macular degeneration, vas-
culitis. retinal vein thrombosis, subarachnoid haemorrhage (Terson'.e
syndrome) and blunt trauma. Initially, small haemorrhages may be
difficult to demonstrate and usually resolve after an interval, but
larger bleeds increase in density over the first day or so and are
more easily seen as widespread low-reflective areas, with marked
movement on dynamic scanning. In vitreous haemorrhage resulting
from subarachnoid haemorrhage (Terson's syndrome) or from blunt
trauma, the red blood cells sediment and compact near the posterior
hyaloid surface of the detached vitreous, and scanning shows
echoes of increasing density in the posterior gel (Fig. 50.20). Fig. 50.22 Dense vitreous haemorrhage arranging into thick mobile

fibrinous membranes (arrow). Horizontal scan.
Degenerating blood cells give rise to lower density echoes and
colour the posterior vitreous cortex to give the clinical feature which may progressively become immobile. This is known as
known as `ochre membrane'. Subvitreal haemorrhage may sedi- ` arrangement' as true `organisation' is not involved.
ment to form a fluid level behind the collapsing gel (Fig. 50.21). The presence of blood has a destructive effect on gel structure,
Haemorrhage within the vitreous cavity may therefore persist for including PVD, liquefaction of the gel, and the formation of vitre-
some considerable time as widely dispersed echoes in the gel or ous bands and an ochre membrane. The inflammatory response to
subvitreal space. Sometimes, however, fibrinous membranes the erythrocytes is low grade, with unphagocytosed cells remaining
develop and give rise to mobile, linear structures (Fig. 50.22), i ntact for several weeks. Fibrosis or organisation is an unusual

sequel to vitreous haemorrhage, and is usually associated with
severe ocular trauma or ocular disease in which vitreous haemor-
rhage is an incidental finding, for example diabetic proliferations
or retinal vasculitis.

Asteroid hyalosis
This is a senile, degenerative disorder of unknown origin, occur-
ring in otherwise healthy eyes; it is unilocular in 75% of cases.
Calcium soaps form asteroid bodies, scattered through the vitreous
and remaining in suspension, and there is no associated liquefac-
tion. An area of clear vitreous remains between the posterior bound-
ary of the opacities and the posterior hyaloid surface, mimicking a
shallow posterior vitreous detachment. The calcified bodies show
multiple, high-amplitude echoes and demonstrate considerable
after-movement on dynamic scanning, creating a shimmering effect
(Fig. 50.23).

Fig. 50.20 I ntragel haemorrhage with lacuna. Horizontal scan.

Fig. 50.23 Asteroid hyalo-
sis. Horizontal scan.Fig. 50.21 Subvitreal haemorrhage in a diabetic.



Fig. 50.26 Vitreoretinal adhesion (arrow). Haemorrhage within gel.

fibrovascular membranes form in proliferative vitreoretinopathy
( Fig. 50.27). Retinal vein occlusion may result in adhesion at sites
of neovascularisation at the posterior pole. If vitreous haemor-
rhage occurs with complete PVD, the likely cause is a retinal tear
requiring prompt interventional treatment. However, if haemor-
rhage is seen in association with a posterior vitreoretinal adhe-
sion, the likely cause is a retinal vein occlusion, which requires a
more conservative approach. Confusion may occasionally arise if
a posterior vitreoretinal adhesion causes a retinal tear, or if com-
plete PVD is prevented by a strong posterior adhesion.

When scanning the moderately collapsed gel, sites of vitreoreti-
nal adhesion are not always obvious until dynamic testing is
employed and positions of restricted movement identified.
Similarly, fine vitreous strands, usually joining the gel mass to the
posterior pole, are not seen until eye movement demonstrates gel
tethering (Fig. 50.28).

Occasionally, a thickened PVD which remains attached to the
optic disc may be confused on ultrasound with an RD. The charac-
teristic motion of vitreous and retina normally enables these struc-
tures to be distinguished, and very careful observation during
dynamic scanning may be required to differentiate the unified
motion of gel mass from the membranous behaviour of a detached
retina. If the vitreous contains pathological material this distinction
is made easier. Also, RD may be ruled out if the membrane inserts

Posterior vitreous detachment (PVD)
I n the elderly, alterations in the micromolecular structure of the vit-
reous cause gel liquefaction (synchysis senilis). The resultant fluid
enters the subviteal space and detaches the gel as far as the vitre-
ous base. The result of synchysis senilis is a gel of reduced volume
and increased mobility, suspended from the vitreous base and sur-
rounded by synchytic fluid. Most cases remain uncomplicated and
the condition is frequently seen when scanning cataractous eyes. If,
however, vitreous traction causes a retinal tear or avulsion of a
peripheral blood vessel, then iniragel and subvit - eal haemorrhage
may occur. Under these circumstances dynamic scanning may
demonstrate a surprisingly marked mobility and elasticity of the
detached vitreous, the gel assuming mirror-image configurations
when the eye is deviated to one side and then the other (Figs 50.24,
50.25). Failure to move in this way, or asymmetric suspension, may
i ndicate immobilisation of part of the gel by an adhesion or by a
restriction from a penetrating injury (Fig. 50.26). Subvitreal haem-
orrhagc in the presence of a posterior vitreoretinal adhesion may
i ncarcerate the gel, resulting in little mobility on dynamic scanning.

I ncomplete PVD
I n the normal eye the vitreous cortex is loosely attached to the

i nternal limiting membrane of the sensory retina, but there are
stronger anchoring points at the vitreous base and optic disc
margin. Weak attachments exist around the fovea and at the site of
peripheral blood vessels. In the abnormal eye, strong vitreoretinal
adhesions may occur at the posterior border of retinal lattice
degeneration, at congenital cystic retinal tufts, retinal pigment
clumps, vitreous base anomalies, or at the impaction site of a
foreign body. In diabetics, strong adhesions are present if

Synchysis scintillans
This is another degenerative condition, frequently bilateral, occur-
ring after longstanding uveitis or following vitreous haemorrhage.
The vitreous is liquefied and contains cholesterol crystals which
sink under the action of gravity. Eye movements stir up the crystals,
seen ophthalmoscopically as glittering particles, and ultrasonically
as multiple, high-amplitude echoes similar to asteroid hyalosis.
However, the cholesterol crystals sediment, leaving an echo-free
vitreous if the eye is still. Asteroid hyalosis and synchysis scintil-
l ans do not reduce visual acuity but have a striking ultrasound
appearance, whereas vitreous haemorrhage reduces visual acuity
but has much subtler ultrasound features.
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Fig. 50.28 Fine vitreoretinal
adhesion (arrow). Horizontal scan.

i nto the peripapillary region rather than the optic disc. The pres-
ence of another membrane either in front or behind may give a
strong clue to the identity of the lesion in question.

Ultrasound is extremely valuable in the diagnosis, assessment and
measurement of ocular melanomas, especially in the presence of

Characterisation of tissue with ultrasound has been an aim zealously
pursued by practitioners involved in the diagnosis of ocular tumours.
Although claims have been made for almost 100% accuracy in the
diagnosis of these from the ultrasound features alone, some workers
have failed to appreciate that conventional scanning (which utilises
only time delay and echo amplitude) is incapable of demonstrating
microscopic rather than macroscopic structures, preventing 'ultra-
sound histology'. In addition, there is wide histological and struc-
tural variability even in one tumour type (e.g. melanoma), giving
rise to a spectrum of ultrasound features.

However, other tissue interactions of ultrasound contain some
useful data to improve diagnostic accuracy. The frequency shift in
returning echoes may be examined by spectral analysis, a technique Fig. 50.29 (A) Choroidal metastases (arrow). Vertical scan. (B) Colour

developed by Lizzi and coworkers, which gives consistent, repro- Doppler scan.

ducible spectral features of ocular tumours. This method distin- opaque media. With transparent media it provides a reliable
guishes between certain cell types of choroidal melanoma, and confirmatory diagnosis. Previously the diagnosis of melanoma has
between melanoma and metastasis. Unfortunately, the equipment is not always been easy. In 1964, Ferry stated that approximately 20%
not generally available. of eyes removed because they were thought to contain a melanoma

were subsequently found to be negative for this condition. Recently
the rate of misdiagnosis has fallen to 0.48%. Malignant inelanowa

Choroidal metastases are commoner than primary malignancies and of the choroid i s the commonest primary intraocular tumour in

are usually located posteriorly in the fundus, appearing as diffuse adults; 85% of ocular melanomas arise from the choroid, and 1 5%

l esions with mild to moderate elevation. The usual site of the from the ciliary body. It occurs most frequently between the ages of

primary is the breast in females, and the bronchus in males. Less 50 and 60 years, and is rare below the age of 30 and above 80 years.

common primary sites are the testis, kidney and gastrointestinal The tumour is rare in black populations, but patients with ocular

tract. Metastases may be single or multiple, and are sometimes melanosis are at increased risk. Most tumours arise posterior to the

shown on ultrasound to be more extensive than is appreciated clini- equator and are usually single and unilateral, occasionally develop-

cally. The tumours infiltrate laterally and are therefore low undulat- i ng from a pre-existing naevus.

ing masses with a broad base (Fig. 50.29). Ultrasonography shows Recently, there has been a move away from the traditional treat-

a diffuse choroidal thickening with either high or medium ampli- merit of enucleation of the eye, especially for small tumours, as

tude echoes, occasionally developing a globular shape which tumour dissemination during surgery has been considered a possi-

mimics amelanotic melanoma. The history gives a strong indication ble cause of increased death rates in the following 2 years. A more

of the tumour's origin. Exudative retinal detachment may compli- conservative approach has given ultrasound an important role in

cate choroidal deposits, and careful examination of the opposite eye management, particularly in eyes with hazy media, as information

i s important as metastases are frequently bilateral. about size, position, extent and growth of a tumour is readily
obtained.

The ultrasound features of choroidal melanoma are well
described. Typically there is a lenticular-shaped mass, deeply
embedded in and arising from the choroid. The mass is usually
moderately reflective and its high acoustic absorbancy shows a



Fig. 50.30 Lenticular-shaped
melanoma. Power Doppler scan.

Fig. 50.31 Cottage-loaf
shaped melanoma below
retinal detachment (arrow).
Horizontal scan.

the area of haemorrhage also shows movement as a membrane
restraining a fluid collection. Bleeding into the vitreous usually
causes degeneration, detachment and loss of gel volume. The resul-
tant mobile reflective gel is identified on dynamic testing. B-

Fig. 50.33 Melanoma bursting through Bruch's membrane (white
arrows). Choroidal excavation (black arrow).

dense tumour, with some attenuation of the beam (Figs 50.30,
50.31). Less commonly, the tumour is low-reflective and there may
be a cystic component. Calcification is rare.

A serous or exudative retinal detachment may conceal an under-
lying melanoma from ophthalmoscopic examination, but scanning
reveals the solid nature of the hidden tumour (Fig. 50.32). Some
melanomas have a collar button- or mushroom-shaped appearance
caused by waisting as they break through Bruch's membrane
(Fig. 50.33). If the membrane remains intact, the tumour is lenticu-
l ar or dome-shaped. Some tumours demonstrate choroidal excava-
tion, the presence of low-amplitude tumour cell echoes replacing
and enlarging the choroid. However, this finding is not pathogno-
monic as other tumours may show this feature. Small melanomas
may be relatively echo-free, making differentiation from retinal
degenerative or disciform lesions difficult. However, a clue is given
if the situation of the lesion is identified as being deep in the
choroid, and serial examinations may show growth. Colour Doppler
scanning is a simple method of differentiating melanoma from sub-
retinal haemorrhage by positioning the Doppler window on the
tumour and demonstrating blood flow within it (Fig. 50.34).
Tumour vessels show as pulsating channels or lakes of colour. Care
must be taken that blood flow in the overlying retina is not mis-
taken for tumour circulation. Not all tumours show vascularity on
Doppler, especially if they are under 3 mm in size. In future the
i ntensifying effect of ultrasound contrast agents on the Doppler
signal may prove a useful diagnostic aid in the above situation.

Melanoma may be complicated by intraocular haemorrhage, sub-
retinally or into the vitreous compartment. The resulting ultrasound
appearances are confusing, but dynamic scanning clarifies the situa-
tion. With rapid eye movements, the tumour shows itself fixed to
the wall of the eye, whereas subretinal haemorrhage shows some
movement and sedimentation, the fluid appearing more transonic
than the associated tumour (Fig. 50.35). The retina elevated over
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Fig. 50.32 Melanoma
showing vascularity. Power
Doppler scan.
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Fig. 50.38 Osseous choristoma
(arrow).

Fig. 50.35 Melanoma (arrow) and associated subretinal haemorrhage
(open arrow).

scanning is useful in the assessment of scleral erosion and extra-
ocular extension of a melanoma, the extraocular component
showing as a low-reflective area within the orbital fat (Fig. 50.36).

Information gained from ultrasound aids management when a
varied range of therapies is available. If local resection (choroidec-
tomy) is considered, the location of the tumour in relation to the

Fig. 50.36 Extraocular extension of melanoma (arrow). Horizontal scan.
optic disc and macula is required, also the elevation, base diameter,
presence of scleral erosion and whether there is extraocular exten- The diagnosis of choroidal melanoma is not always straightfor-
sion. For photocoagulation, the lesion should not be greater than ward, and occasionally confusion may occur with other choroidal

1 0 mm at its widest point, with no more than 3 nun elevation, and conditions. Degenerative disease or trauma may cause choroidal
the location should be 1.5 mm away from the fovea (to avoid burn defects or tears, which bleed into the subretinal space. The haemor-
damage). Observation is considered for small or asymptomatic rhage is followed by neovascularisation, the formation of a
l esions in which the diagnosis is equivocal. Melanomas less than (ibrovascular disciform lesion. These lesions are known as Fuchs*
3 mm thick and 10 mrn in diameter have an excellent prognosis and spots; they are highly echogenic even at low gain, but sound
remain dormant for many years, with a low likelihood of metasta- absorption is minimal. This condition occurs at the macula, in
sis. Radioactive plaques, attached to the globe for a set period of myopic eyes, and in the elderly. Disciform lesions can have the
time, deliver a fixed dose of radiation. They are suitable for small same appearance as a small melanoma, and serial ultrasound exam-
tumours (less than 3 mm thick and 10 mm in diameter) and inations are necessary to demonstrate that a haemorrhage is regress-
medium-sized tumours (3-5 mm thick and 10-15 nun in diameter). i ng or static, rather than increasing in size, which implies a tumour.
Unfortunately, radiation-induced complications include retinopathy, Occasionally, ultrasound-guided tissue biopsy is used to obtain cel-
vitreous haemorrhage and cataract. Colour Doppler imaging is of l ular aspirates for cytological diagnosis.
value in assessment of the effects of radiotherapy, which causes
fl ow velocities in tumour vessels to decrease, supporting the

concept that radiation causes sclerosis of these vessels. Enucleation
is indicated for very large melanomas, particularly if vision has This is a rare benign tumour affecting young women, and is rarely

been lost. However, enucleation does not improve the prognosis in bilateral. Most cases are focal, unilateral, slightly elevated lesions

patients over 65 years with slowly growing tumours and normal
vision. Cyclotron-generated, heavy charged particle irradiation is a
new approach which may prove an alternative to enucleation, but is
still only available in a few centres.

Ciliarv body melanomas are more difficult to see clinically than
posterior tumours, unless the pupil is widely dilated. They are also
l ess easy to image with ultrasound, particularly if small, unless a
stand-off is used. The scan demonstrates a solid tumour with features
si milar to a choroidal melanoma; the dimensions and posterior extent

should be determined (Fig. 50.37). There is also an annular form of
melanoma, which is differentiated from serous choroidal detachment
by the fluid content of the latter. Posterior extension of ciliary body
melanoma may cause retinal detachment. Pressure exerted by the Fig. 50.37 Ciliary body mela-
tumour upon the lens may cause anterior displacement. noma (arrow). Horizontal scan.



Ultrasound is useful for detection and diagnosis of retinoblastoma and
for its differentiation from other intraocular masses. It is the common-
est primary malignant intraocular tumour of childhood and comprises
about 30% of all ocular tumours (about 40% are malignant
melanomas). Nevertheless it is rare, occurring in about I in 20 000
live births. It arises from cells derived from the embryonic retinal
epithelium of the primary optic vesicle. As modern treatments
increase the survival rate, the chance of hereditary transmission is
increased. Retinoblastoma has the best prognosis of all childhood
tumours, with over 80% survival. Both sexes are equally affected, and
although initially presenting in one eye, the tumour is bilateral in

about one-third of cases. Most tumours become apparent before the
age of 3 years, and the average age of diagnosis is 18 months. Only
6% of cases have a positive family history of retinoblastoma, and here
the mode of inheritance is autosomal dominant, with a high but

incomplete penetrance. The remaining 94% of cases are sporadic; of
these, 25% are germinal mutations which may be inherited.

Retinoblastomas normally present at a late stage with leucocoria
or 'amaurotic cat's eye', but earlier stages are seen if the fundus is
being kept under observation in an `at risk' patient. Endophytic
tumours project from the retina into the vitreous cavity as a white
or pinkish mass, and are sharply demarcated in the presence of
secondary calcification. Several tumours may be present in one eye

Fig. 50.40 Retinoblastoma
with calcium deposits (arrow).

from seedling deposits. Exophytic tumours grow in the subretinal
space, causing a total retinal detachment. Ultrasound will reveal the
hidden tumour in this situation.

When scanning retinoblastoma, the tumour may be seen to be
localised in one area of the globe and have a dome-shaped appear-
ance, but frequently it has an irregular outline (Fig. 50.40). Calcium
deposits are commonly present and are a helpful aid to diagnosis. The
amount and distribution of calcification varies the internal reflectivity,
and may be seen as a few dense foci or numerous widely distributed
deposits. Non-calcified retinoblastomas are more difficult to diagnose
and may be associated with signs of inflammation. It is important to
recognise invasion of the optic nerve, a long segment of which must
be excised when the eye is enucleated. However, CT or MRI scanning
more clearly demonstrates extraocular and optic nerve involvement,
and is necessary to show CNS spread or pineal involvement. Optic
nerve involvement beyond the point of surgical transection is
associated with a 65% mortality rate, but if the nerve is uninvolved
the mortality rate is only about 8%.

Differential diagnosis
Retinoblastoma is only one of several differential diagnoses to be
considered when an infant or child presents with leucocoria. The
other conditions are: Coats' disease retinopathy of prematurit_v,
toxocariasis and PHPV. Coats' disease is the most severe form of
retinal telangiectasia, characterised by large areas of intraretinal and

This is a rare congenital tumour, usually presenting at adulthood and
often associated with cutaneous angiomas and with Sturge-Weber
syndrome. The lesions are mildly elevated and dome-shaped with a
broad base, situated at the posterior fundus temporal to the optic disc.
The tumours show high internal reflectivity on ultrasound, being com-
posed of multiple small vascular channels and blood-filled spaces.
Doppler scanning may show blood flow within the lesion, and serous
retinal detachment may occur at the margins. Calcification is some-
ti mes seen on the surface of a haemangioma (Fig. 50.39).

with well-defined borders, situated in the peripapillary region.
Ultrasonography reveals a dense, highly reflective lesion due to
bone formation, with marked acoustic shadowing (Fig. 50.38).
Confusion may arise with drusen, but the clinical features should
i ndicate the true nature of the condition.
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Evaluation of the ocular contents with ultrasound is the best practi-

cable method of examination of the eye following major ocular
trauma, as direct vision is frequently hampered by opaque media.

Even if severe injuries preclude complete ultrasound examination,
useful information is frequently obtained. A very gentle technique
is required, occasionally with the use of a sterile sheath over the

The lens contents are normally anechoic and therefore lens subluxa-
tion is difficult to evaluate. Complete dislocation is more easily
demonstrated, particularly if the lens is cataractous or if the com-
plete lens lies within an area of vitreous haemorrhage (Fig. 50.44).

subretinal exudate, progressing to retinal detachment, subretinal
cholesterol crystals, and uveitis. The cholesterol in Coats' disease
typically gives rise to lower amplitude echoes than retinoblastoma
(Fig. 50.41). The condition is uniocular, and is commoner in boys.
Although it presents in the first decade of life, presentation is at a
l ater age than with retinoblastoma.

Retinopathy of prematurity causes retrolental fibroplasia with the
development of dense retrolental membranes. The condition is
usually bilateral and associated with a history of prematurity and
oxygen therapy (Fig. 50.42). It is seen in normal, or larger than
normal-sized eyes, and neovascularisation from the retinal periphery
results in fibrotic changes in the anterior vitreous. In severe cases the
retina is detached and funnel-shaped, sometimes with peripheral
l oops. Eyes may be shorter than normal in the severest stages.

To_zocariasis is an infestation caused by ingestion of the intestinal
roundworm of cats and dogs, which may result in larvae travelling in
the bloodstream to the eyes. Young children who eat dirt or who are in
close contact with puppies are at greatest risk of contracting the
disease. In ocular toxocariasis, the commonest ocular lesions are
chronic endophthalmitis, vitreous membranes, a peripheral or a poste- Fig. 50.43 Choroidal thickening (arrows) following penetrating injury.

nor pole granuloma, and traction retinal detachment. probe. Early assessment of intraocular damage enables vitrectomy
Persistent hyperplastic primary vitreous (PHPV) is the most and other microsurgical techniques to be carried out before chronic

serious development disorder of the vitreous, caused by failure of internal structural changes develop.
regression of the primary vitreous, and typically occurring unilater- Blunt trauma often causes more severe ocular damage than is
ally in a microphthalmic eye. Features of this condition have clinically evident. Compression of the anteroposterior diameter of
already been discussed. the eye and corresponding expansion of the equatorial plane occurs.

Differential elasticity of the vitreous gel causes traction at the pos-
terior aspect of the vitreous base, with retinal tearing (dialysis).
Traumatic dialyses occur in any quadrant but are commoner in the
upper nasal quadrant. Many cases of trauma occur in young patients
with healthy vitreous gels, with the result that progression to retinal
detachment is slow, taking several months. Oedema may cause
marked thickening of the retinochoroidal layer, resulting in visual
l oss if the macula is involved (Fig. 50.43). Blows to the lateral
aspect of the orbit, striking the eye just anterior to the lateral wall,
may cause rupture of the globe.

Penetrating ocular trauma involving the posterior segment
results in retinal detachment in about one-fifth of cases. The detach-
ment may he rhegmatogenous if the retina is breached by a foreign
body, or tractional following vitreous incarceration in the wound.

Fig. 50.44 Displaced lens (arrow).
Horizontal scan. (From Cosgrove et al
2001.)Fig. 50.42 Retrolental fibroplasia showing retinal loop (arrow).



Fig. 50.48 Direct blow causing intravitreal blood-fluid level, thickening
Fig. 50.46 Vitreous laceration by shotgun pellet, and incarceration into of inner coats, and rupture of globe (arrow). Horizontal scan. (From
retina (arrow). Horizontal scan. (From Cosgrove et al 2001 .) Cosgrove et al 2001.)

Fig. 50.47 Direct blow causing extensive haemorrhage outlining lens,
retinal dialysis (arrow), and rupture of globe at equator. Vertical scan. (Frorr
Cosgrove et al 2001.)

(Fig. 50.47). Subretinal haemorrhage is seen as high-amplitude
mobile echoes in the subretinal space, associated with retina
detachment. Penetrating injury in the region of the pars plam
sometimes results in traction between the gel incarcerated at the
i njury site and the vitreous base, causing the ora serrata to be
pulled along behind the lens. This is the so-called 'purse-string
retinal detachment, whose recognition is important so that surgi-
cal incision is not made into the subretinal space instead of the

vitreous cavity.
Rupture of the globe usually occurs in the equatorial region fol,

lowing an anterolateral blow (Fig. 50.48). Signs of rupture include
distortion of the normal shape with loss of ocular volume, intravit
real haemorrhage and intraocular air, particularly if there is commu

nication with an ethmoid sinus.

Fig. 50.45 Traumatic vitreous haemorrhage and collapse, with lacuna
and vitreoretinal adhesion causing shallow traction retinal detachment
(arrow). Vertical scan. (From Cosgrove et al 2001 .)

Haemorrhage i n the vitreous compartment may be confined
within the vitreous gel, the retrohyaloid space, or both. Small
haemorrhages are difficult to demonstrate, but larger bleeds are
easy to detect and aid delineation of lacunae, whose formation
indicates impending posterior vitreous detachment. Dynamic scan-
ning is important in the detection of vitreoretinal adhesions, which
result in traction retinal detachment and must therefore be divided
during vitrectomy (Fig. 50.45). If post-traumatic retinal detachment
is left untreated, proliferative vitreoretinopathy develops, resulting
i n the formation of epiretinal membranes and the typical triangle
sign on scanning. Penetrating injuries may cause vitreous incarcera-
tion at the point of injury. This results in incomplete PVD, with
asymmetric suspension of the gel (Fig. 50.46).

Post-traumatic retinal holes are not usually detectable by ultra-
sound but occasionally giant tears and dialyses may be identified
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Ultrasound locates intraocular foreign bodies precisely prior to
removal, unless the object is very small and linear, when it may be
difficult to align the beam perpendicular to its long axis. Because
some foreign bodies may be missed with ultrasound examination, it is
i mportant to utilise plain radiography and CT scanning, but ultrasound

is superior in detection of associated intraocular abnormalities.

Computed tomography and magnetic resonance imaging of the
retrobulbar structures have several advantages over ultrasound,
including high-resolution images with thin sections, magnification
techniques, and the capability of imaging in the coronal plane.
Lesions are demonstrated in the posterior and apical parts of the
orbit, and the adjacent sinuses and intracranial structures are also

seen. For these reasons, these modalities are now the methods of
choice in investigating orbital disease. Disadvantages include:
(i) the delivery of a radiation dose to the lens with CT; (ii) subtle
l esions of the posterior sclera and optic nerve are missed; and
(iii) the examination may be time-consuming. In addition, CT and
MRI require sedation in small children. Ultrasound has the advantage
of rapidity and accessibility, and its ability to identify the orbital walls,
optic nerve, extraocular muscles and orbital masses makes it a useful
first-line investigation in proptosis (Figs 50.52, 50.53).

The aims of orbital investigation are the demonstration and estab-
lishment of an orbital lesion and its position within the orbit. The
pathological nature of the lesion may be less easy to determine as
some ultrasound features are non-specific, and the clinical history
must be taken into account. A patient with malignancy raises the
possibility of an orbital metastasis; concomitant thyroid disease
suggests thyroid ophthalmopathy. A gradually developing proptosis
i s suggestive of a slowly growing benign tumour, for example of
neural origin. Ultrasound is useful in the follow-up of lesions that
may previously have been more fully investigated by the other
modalities when serial examination is required, for example to
document progress or regression of pseudotumour, tumour,
haematoma or thyroid ophthalmopathy.

The contact method is suitable for orbital scanning, and frequen-
cies between 5 and 10 MHz are needed for good penetration of the
sound beam. Scanning is more readily carried out in a horizontal

Small metal or glass fragments travelling at high speed cause pene-
trating injuries and remain within the globe. Most intraocular
foreign bodies are detectable by ultrasound, but some objects made
of low-density material, such as wood or organic matter, may be
difficult to identify, particularly if surrounded by haemorrhage.
Dense materials like metal, glass or stone are highly reflective and
therefore easier to demonstrate (Fig. 50.50). Following penetration
by a foreign body. a track of haemorrhage may be seen crossing the
vitreous, outlining the trajectory of the object and indicating its
position. Frequently though, intragel haemorrhage obscures the
pathway. The entry or exit sites of a foreign body may cause vitre-
ous incarceration, and some injuries allow entry of air into the
globe. Small bubbles of intragel gas show as highly reflective spots
which may he confused with foreign bodies, but the latter are
usually more highly reflective, with denser acoustic shadowing
(Fig. 50.51). Air bubbles may move when the head is tilted and
usually disappear after a couple of days. If any doubt exists, CT
scanning will clarify the situation.

Phthisis bulbi is an end-stage condition, following trauma and
ocular haemorrhage. The eye is blind, small and contains extensive
calcification (Fig. 50.49).

Fig. 50.49 Phthisis bulbi. Calcified lens and globe.

Fig. 50.50 Metallic foreign body Fig. 50.51 Penetrating injury
(arrow). Horizontal scan. (From with intragel haemorrhage and air
Cosgrove et al 2001.) bubble (arrow). Vertical scan. Fig. 50.52 Horizontal section through eye and orbit. (From Cosgrove

(From Cosgrove et al 2001.) et al 2001.)



Thyroid ophthalmopathy
Graves' disease is the commonest cause of extraocular muscle

enlargement: most patients develop changes of thyroid ophthal-
mopathy at some stage. It is typically bilateral, but patients are
frequently referred for investigation of unilateral proptosis and do
not always have supportive biochemical findings, which gives

ultrasound a useful role in confirmatory diagnosis. The mid and
posterior part of the muscle belly is enlarged but not the tendon.
The involved muscles have medium to high reflectivity due to
separation of muscle fibres by inflammatory cells and oedema.
Only 3-5% of patients develop the sight-threatening complication
of optic neuropathy due to optic nerve compression by enlarged
extraocular muscles. Although CT is a sensitive imaging tech-

nique for demonstrating these changes, it cannot be used repeat-
edly because of radiation dose to the lens. All the extraocular

muscles may be enlarged but severity of involvement is assessed
by ultrasound measurements of medial rectus width, which corre-

l ate with CT measurements. Ultrasound measurements are made

with the electronic calliper as the subject maintains forward gaze.
The upper limit of normal maximum medial rectus width is about
4 mm using real-time scanning, and measurements above this

level are suggestive of Graves' disease. Serial scans may be
carried out to monitor advancement of the disease and the effect
of therapy. Patients with ophthalmoplegia but normal medial

rectus width require assessment of the inferior rectus, which is
sometimes selectively enlarged (Fig. 50.54). This muscle requires
a vertical scanning plane and is more difficult to image with ultra-
sound, sometimes making CT necessary.

This is the name given to a group of relatively rare, idiopathic, non-
neoplastic orbital lesions, including myositis, dacryoadenitis,
periscleritis, perineuritis and the diffuse condition. The disease may
affect any of the soft-tissue components of the orbit in any age
group, but the majority of patients are middle-aged. The onset is
usually acute and unilateral, mimicking the presence of an orbital
tumour with proptosis, hence the term 'pseudotumour'. Sometimes
the presence of a discrete inflammatory mass makes differentiation
from a true neoplasm difficult, but pseudotumour usually responds
well to steroid therapy. The ultrasound appearance of the mass is a
l ow-reflective lesion with features similar to those of a metastasis or
lymphoma deposit (Fig. 50.55). The mass may be smooth in outline
or, more commonly, irregularly shaped. In the diffuse form involve-
ment of the orbital fat predominates, causing a mottled appearance
on scanning. Myositis is seen as enlargement of the whole of an
extraocular muscle, including origin and insertion, differing from
the selective muscle belly enlargement of thyroid ophthalmopathy.

Fig. 50.53 Normal orbit, with medial rectus and lateral rectus (arrow).
Horizontal scan.

than a vertical plane, due to better access of the sound beam to the
orbit horizontally, and interpretation is easier. A vertical scanning
plane is used to examine the upper anterior orbit and inferior rectus
muscle, but, although the probe may be angled in an oblique plane
for examination of the lacrimal fossa, this area is more easily
demonstrated on CT or MRI.

Fig. 50.54 Thyroid ophthalmopathy, enlarged belly of inferior rectus
(arrow). Vertical scan. (From Cosgrove et al 2001.)

Other features of thyroid ophthalmopathy include increased
orbital fat and orbital oedema. This is seen as fluid within Tenon's
capsule and low-reflective areas within the orbital fat, sometimes

with encysted spaces.
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Orbital haemangioma
Cavernous haemangioma is the commonest benign orbital tumour
in adults, occurring most frequently in the second to fifth decades
of life, and characterised by a slowly progressive unilateral propto-
sis. The tumours comprise dilated, endothelium-lined vascular
channels, surrounded by a fibrous pseudocapsulc. The majority are
located within the muscle cone, and may occasionally compress the
optic nerve, while causing little proptosis.

The ultrasound appearance is that of a transonic mass containing
echoes of medium to strong reflectivity, emanating from the vascu-

lar surfaces within the lesion and connective tissue stroma. There is
poor attenuation of the sound beam and a negative Doppler phe-
nomenon due to stagnant blood within the vascular spaces.
Occasionally, calcified phleboliths arc seen.

In infancy, orbital haemangiomas arc of the capillary type,
usually presenting in the anterior orbit at birth or soon afterwards.
They undergo periods of growth, then stabilisation, and eventual
regression, usually at about 5 years of age. Ultrasonically, the lesion
is less reflective than the cavernous type, due to small vascular
channels and scant stroma. The prominent arterial supply to the
lesion produces a positive Doppler phenomenon.

Varices
The diagnosis is made by observing the blood-filled spaces on 13-
scan while the jugular veins are compressed, causing the varices to
i ncrease in size. Doppler may also he used; these techniques enable
differentiation from orbital cysts. The diagnosis is often made clini-
cally from the sign of intermittent exophthalmos.

Arteriovenous fistula
These may develop spontaneously or after head injury, and are
often not diagnosed clinically unless large. Carotid-cavernous sinus
fistula (CCSF) and dural cavernous arteriovenous malformations

Fig. 50.56 ' T' sign (arrows). Fluid in Tenon's capsule.

Oedema in the retrobulbar fascia (Tenon's capsule) tracks along the
optic nerve sheath to form the `T' sign (Fig. 50.56). In children,
about one-third of idiopathic pseudotumour is bilateral, but in
adults bilateral involvement raises suspicion of systemic disease,
for example lymphoma, sarcoidosis, Wegener's granulomatosis, or
other autoimmune disease. Chronic cases of inflammatory orbital
disease develop firm, fibrous stroma which replaces the orbital fat,
termed sclerosing orbital pseudotumour.

Fig. 50.57 Colour Doppler scan
showing arterialised blood flow in
dilated superior ophthalmic vein.
Vertical scan.

Fig. 50.58 Orbital metastasis (arrow) displacing
optic nerve. Fig. 50.59 Lymphoma cupping globe.
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(DCAVM) are readily diagnosed and monitored by colour Doppler
i maging (CDI). The superior ophthalmic vein conveys blood from
the orbit posteriorly to the cavernous sinus. However, in CCSF and
DCAVM, arterial blood enters the cavernous sinus and blood flow
i n the superior ophthalmic vein is reversed or arterialised, resulting
i n proptosis with dilated conjunctival vessels (Fig. 50.57). CDI may
be the only investigation required if symptoms are mild in
DCAVM, which is a low-flow condition, and is used to assess pro-
gression. In CCSF, which is a high-flow lesion, orbital haemody-
namics are assessed by CDI prior to carotid angiography and the
results of therapeutic embolisation followed up.

Fig. 50.60 Orbital rhabdomyosarcoma. Vertical scan. (From Cosgrove
et al 2001.)

Orbital metastases occur in about 40% of children with neuroblas-
toma. Presentation is usually with a rapid onset proptosis, and
deposits may be bilateral. Ewing's sarcoma of hone, Wilms'tumour
and leukaemia can also give rise to orbital deposits.

Adults Orbital metastases most commonly arise from primaries
i n the bronchus, breast, prostate, kidney and gastrointestinal tract

The ultrasound features of many orbital malignancies are very
similar, and unless there are clear indications of the likely nature of
the tumour from the clinical history, the ultrasound report may have
to be confined to a description of the topographical features of the
l esion, and a comment on the likelihood of malignancy. Similar
scan appearances in a 7-year-old child and 65-year-old adult would
be diagnosed as rhabdomyosarcoma in the former, and metastasis
or lymphoma in the latter (Fig. 50.58). The demonstration of a low-
reflective irregular orbital mass, with good penetration of the sound
beam, is a strong indication of orbital malignancy. However, these
appearances are not pathognomonic, as shown by the above
descriptions of pseudotumour and other inflammatory lesions.

Lymphoproliferative disorders
Orbital lymphoma is usually of the non-Hodgkin's type, and appears
on ultrasound as an elongated, low-reflective, oval mass typically
affecting patients above the age of 60 years. The lesions may occur in
any part of the orbit, are sometimes bilateral, and occasionally exclu-
sively involve the lacrimal gland. Sometimes there is a mass cupping
the back of the globe (Fig. 50.59). Histological studies usually make a
distinction between malignant lymphomas and inflammatory condi-
tions, but there is also an intermediate group, some of which have a
benign outcome, resolving with steroid therapy, but others developing
systemic lymphoma several years later. Thorough systemic evaluation
is therefore necessary in all patients with both benign and malignant
l ymphoid lesions of the orbit. Ultrasound-guided biopsy is a useful
technique for accurate retrieval of lymphoma tissue, and serial scans
demonstrate the response to therapy.

Fig. 50.61 Orbital metastasis (arrow).

Rhabdomyosarcoma (Fig. 50.61). Orbital invasion may also occur from adjacent malig-

This is the commonest primary malignant orbital tumour of child- nancy in the paranasal sinus (Fig. 50.62).

hood. Presentation is usually at around the age of 7 years, with a
rapidly progressive proptosis. The tumour may involve any part of
the orbit arising from an extraocular muscle, but usually occurs in
the superonasal quadrant, appearing as a low-reflective mass Neurilemmoma

(Fig.50.60). Metastatic neuroblastoma should be considered as a Usually arising in the superior orbit, either intraconally or extra-

differential diagnosis. conally, these rounded masses contain low to medium amplitude
echoes and occasionally cystic areas. They transmit sound less well
than cavernous haemangiomas (Fig. 50.63).

Glioma
This is a benign congenital hamartoma which presents between
the ages of 4 and 8 years with visual loss and proptosis. Over half
of these patients have neurolibromatosis. On ultrasound, a
fusiform or irregular expansion of the optic nerve is demonstrated,
but CT and MRI are better at showing extension into the optic
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Fig. 50.62 Antral carcinoma invading orbital floor (arrow) and elevating
i nferior rectus muscle. Vertical scan. (From Cosgrove et al 2001.)

Fig. 50.63 Orbital neurilemmoma (arrow). Horizontal scan. (From
Cosgrove et al 2001.)

canal. Although the lesion is low-reflective, there is poor acoustic

transmission.

Men ingioma
Optic nerve sheath meningiomas arise from arachnoid villi and

present with unilateral, slowly devolving impairment of vision. This

results from optic nerve compression as the tumour grows within

the dural sheath. When the tumour enlarges and ruptures through

the dura, it forms an intraconal mass resulting in proptosis.

Ultrasound shows a diffuse or focal broadening of the optic nerve,

with high reflectivity (Fig. 50.64). Meningiomas are invasive

tumours. typically affecting middle-aged women. They also arise

en plaque' in the greater and lesser wings of the sphenoid, and

i nvolve the orbit secondarily.
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obtained to improve visualisation of subtle pathology. Intuhatton
of both sides is usually performed simultaneously due to the high
i ncidence of bilateral abnormalities. The canaliculi fill initially.
followed by the lacrimal sac, with subsequent opacification of the
nasolacriinal duct. Spill into the nasal cavity indicates patency of
the drainage system (Fig. 51.2).

The orbit forms only a small part of the skull but pathology of this
region assunus critical importance because of the high value placed
on vision. '['he evaluation of orbital pathology has progressed
rapidly with the development and more widespread availability of
computer assisted imaging. Plain radiography. ultrasound (US),
computed tomoggraphy (CF) and magnetic resonance imaging
( MRI), as well as Iuoroscopy and nuclear medicine, have all been
used in the evaluation of orbital pathology. Imaging must he
directed by the clinical history and physical examination, and
should include orthogonal views of the orbit and adjacent regions of
the skull, face and sinuses, and int acranial structures.

Plain radiography this is usually the primary procedure of
choice in the assesstucnt of orbital trauma, including evaluation
for radiopaque foreign bodies. X-ray examination should consist
of standard skull projections posteroanterior, lateral and half
axial (Towne's) views. An optic canal view may be useful to
evaluate the optic canal and fissures. although patients will
usually receive a Cf scan for full evaluation (Fig. 51.1).

Daeryoeystography ' I'his is used in the evaluation of congenital
and acquired disorders of - t he lacrinal drainage apparatus. After
cannulation of the superior or inferior punctunt with a small-bore
rounded-lip needle, water-soluble contrast material is injected into

t he canaliculus during fluoroscopy, with subtraction images

Fig. 51.1 Optic nerve glioma. Right (A) and left (B) optic canal views
show a large right canal, confirming extension of the tumour to this portion
of the nerve.

Fig. 51.2 (A) Left common canaliculus block (proximal end). Normal
right side for comparison. (B) Subtraction macrodacryocystogram showing
a lacrimal sac mucocele. (C) General dilatation of the lacrimal sac and duct
due to an incomplete obstruction at the lower ostium (arrow).
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Angiography This is now rarely used in the evaluation of the course of the cranial nerves. Magnetic resonance angiography
orbit. It is performed principally on those patients with suspected ( MRA) may be used in the same session for evaluation for pathol-
or proven vascular anomalies of the orbit or middle cranial fossa ogy of the adjacent arterial and venous systems. Two-dimensional
such as carotid-cavernous fistula or dural arteriovenous malfor- and 3D time of flight or phase contrast techniques are available and
mation. Both diagnostic examinations and therapeutic inter- may be tailored to the suspected abnormality.
ventions may be carried out.

US Ultrasound may be used to evaluate the globe for intrinsic
pathology but the remainder of the orbit is poorly seen due to the The bony orbit is a pyramid placed on its side, loosely lined by
marked echogenicity of the postseptal fat. It is discussed in detail periosteum (periorbita) which is continuous with the parietal layer
i n Chapter 50. of the intracranial dura. The orbit contains the globe and optic

CT If proptosis is present, a mass is expected, and CT scans are nerve, blood vessels, extraocular muscles and lacrimal gland, all of

preferred due to the speed and easy availability of this modality. which are surrounded by fatty fibroareolar tissue. The roof of the

Subtle or small calcifications are well shown, and artefact from orbit is formed by the frontal bone anteriorly and the lesser wing of

eye motion is minimised. Iodinated intravenous contrast may be the sphenoid bone posteriorly. The lateral wall is composed of the

used to assist in characterising a mass, although it is not usually zygoma anteriorly and the greater wing of the sphenoid bone poste-

necessary as intraorbital fat provides excellent natural contrast. riorly. The orbital floor and medial wall are more complex in struc-
CT scans should be performed with contiguous thin section ture, formed by components of the maxilla, zygoma and palatine

(2-3 mm) axial, and thicker section (4-5 mm) coronal images, bones, and the maxillary, ethmoid, sphenoid and lacrimal bones,

displayed in both soft-tissue and bone windows. Alternatively, respectively. The orbital rim is thicker and strong, while the medial

coronal and oblique sagittal projections may be reformatted from wall (lamina papyracea) and orbital floor are thinner and are most

axial images; the resultant image quality is improved by using prone to fracture with trauma. Grooves in the roof and floor of the

overlapping sections to avoid 'stair-step' artefact (e.g. 3 mm thick, orbit transmit the supra- and infraorbital nerves and vessels. These

2 mm table increments). Evaluation of the orbital apex may exit the orbit anteriorly through foramina.

require very thin section overlapping coronal images (1.5 mm The orbital apex is located posteriorly, at the point of the

thick, with 1 mm table motion), so that 3D reconstructions may pyramid, and is fenestrated to allow transit of the ophthalmic artery

be made. Spiral CT scanning, if available may also be used to and veins and cranial nerves 11, III, IV, V (branches I and 2) and VI

provide the same dataset for subsequent reconstructions. via the optic canal superomedially, superior orbital fissure laterally,
and inferior orbital fissure inferolaterally. The superior and inferior

MRI Due to the lack of bony artefact and improved conspicuity of fissures are continuous and form a V on its side with the apex
subtle lesions, MRI is the procedure of choice in the evaluation of directed medially. The optic canal and superior orbital fissure are
visual loss or suspected cranial nerve dysfunction. Complete eval- separated by the optic strut, which also forms the base of the ante-
uation should include the entire course of the affected nerve, rior clinoid process.
including the brainstem, with the use of intravenous contrast The extraocular muscles are: the superior, lateral, inferior and
(gadolinium chelates). Contrast is required to visualise subtle medial recti, the superior and inferior obliques, and the levator
abnormalities of the globe and cranial nerves, and to further palpebrae. The rectus muscles are bridged by connective tissue
characterise a lesion. However, patient cooperation is necessary fascia to form the `muscle cone', while the two oblique muscles are
due to the length of most sequences (2-9 min) and the need to separate and located in the superomedial and inferomedial orbit,
minimise eye motion during this time. Eye makeup may contain respectively. The recti join posteriorly in a dense fibrous band (the
iron-based pigment which must be removed to avoid artefact. annulus of Zinn), which surrounds the optic nerve, ophthalmic
Additionally, patients with ferromagnetic foreign bodies within artery, cranial nerves III, V (1st division) and VI, and related struc-
the globe or implanted on their person (e.g. pacemaker, cochlear tures, and attach in front of the globe equator anteriorly (Tenon's
i mplant, insulin or morphine pumps, aneurysm clips) may not capsule). The fibrous septum is also anchored here, and extends in
enter the MRI suite due to deflection forces and subsequent torque all directions to connect peripherally to the periosteum of the
and dislodgement, possibly with catastrophic consequences. The use orbital rim. The effect is to create three spaces: a preseptal space
of MRI on pregnant patients is relatively contraindicated, as no contiguous with the face, and two postseptal spaces-one intra-
systematic studies of its effects have yet been performed. conal and one extraconal. The levator palpebrae muscle is external

MRI of the orbit should include both T, (short TR and TO and T2 to the superior rectus and attaches to the upper eyelid. The lateral
(long T R and T E ) weighted thin section (3 mm) contiguous (or with rectus muscle is innervated by cranial nerve VI (abducens) and the
small interscan gap) axial images obtained prior to contrast, usually superior oblique muscle by cranial nerve IV (trochlear). All of the
preceded by sagittal T,-weighted images of the brain. After the remaining extraocular muscles are supplied by cranial nerve III
administration of intravenous contrast material, axial, coronal and (oculomotor).
possibly oblique parasagittal (parallel to the course of the optic The spherical globe is composed of three layers: a fibrous outer
nerve) T,-weighted images are obtained. The use of fat suppression layer or sclera, an inner layer of neural tissue or retina, and a
combined with the postcontrast sequences significantly improves middle layer that provides vascular flow and support. This interven-
visualisation of subtle masses and lesions of the optic nerve, and is ing layer of choroid, iris and ciliary body is collectively termed the
highly recommended. A T,-weighted axial sequence, performed uvea. The globe transmits light via the cornea and through the lens,
after contrast administration, of the entire brain is useful as a sup- which focuses the light with the assistance of the ciliary body upon
plement to the evaluation of the orbit, because of the possibility of the retina posteriorly. The lens separates the anterior chamber of
spread of pathology to or from the subarachnoid space or along the the globe, which contains aqueous humour, from the thin posterior
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chamber and larger vitreous chamber containing vitreous humour.
The iris expands or contracts to regulate the amount of light that
reaches the retina.

The optic nerve (cranial nerve Il) is a tract within the central
nervous system (CNS) surrounded by meninges which are continu-

ous with the visceral layer of the dura (optic nerve sheath), with
varying amounts of cerebrospinal fluid seen within the perioptic
subarachnoid space. The nerve emerges from the posterior globe at
the papilla, and extends intracranially to the optic chiasm. Inside
the globe, axons from the retina pierce the sclera and choroid layers
t o connect with the optic nerve.

The ophthalmic artery enters the orbit adjacent and inferior to
the optic nerve within the optic canal, then courses anteriorly and
medially, crossing over the midsegment of the optic nerve. Terminal
branches supply the lacrimal gland, eyelid, muscles, nerve sheath
and globe. Small vessels pierce the sclera circumferentially poste-
rior to the equator of the globe to supply the choroid layer. The
superior ophthalmic vein extends from the facial venous plexus
through the orbit and joins with the inferior ophthalmic vein in the
orbital apex, exiting via the superior orbital fissure to empty into the
cavernous sinus.

The ovoid lacrimal gland is located is the superior lateral orbit in
the postseptal extraconal space (lacrimal fossa), and supplies lubri-
cation to the visible portion of the globe. Fluid (tears) is spread
across the globe by blinking, with the excess accumulating infero-
medially in the lacrimal sac through the superior and inferior
canaliculi. The sac is preseptal and empties via the nasolacrimal
duct into the nasal cavity beneath the inferior turbinate.

The orbit may be injured directly or indirectly, with both blunt and
penetrating trauma occurring with equal frequency. Soft-tissue
swelling often obscures direct clinical evaluation of the globe, its
motion and vision. Plain film evaluation of the orbit accurately
depicts the presence of bony injury and its associated sequelae, as
well as the presence of radiopaque and radiolucent foreign bodies.
CT shows both soft-tissue and bony injury, and more clearly defines
the location and orientation of displaced bony fragments, foreign
bodies and air, although US has been shown to be more sensitive
for the sequelac of such injuries. MRI may be complementary to
CT scanning in certain patients, particularly with injuries involving
the globe or optic nerve, but is contraindicated in the presence of a
metallic foreign body. Ultrasound is being used more often in this
setting, although direct pressure on the globe is painful, and may be
contraindicated in globe disruption.

'Blow-out'fractures occur when direct blunt force is applied to the
globe and orbit, with disruption of the inferior floor or medial wall
allowing decompression. Herniation of orbital fat and periorbita into
the adjacent maxillary or ethmoid sinuses may occur, and is easily
seen on both CT and MRI (Figs 5 51.4). Related air-fluid levels or
sinus opacification may be noted. These injuries may be associated
with displacement of the inferior or medial rectus muscles or their
connective tissue attachments and limitation of range of motion of the
globe (entrapment.s.yndrome). Fractures may also allow communica-
tion of air or herniation of soft tissue into the orbit (Fig. 51.4).

More complex fractures of the midface are also well defined by
CT, including: tripod fractures (the zygomatic arch, floor of the
orbit, lateral wall of the maxillary sinus and zygomaticofrontal

Fig. 51.4 Medial blow-out fracture. Axial (A) and coronal (B) CT images
demonstrate partial herniation of medial rectus muscle and orbital fat into
l eft ethmoid air cells through fractured lamina papyracea (arrow). There is
associated intraorbital emphysema (asterisk).

process), Le Fort type 11 and III fractures (involvement of the ptery-
goid plates, nasal cavity and orbit walls) and skull base fractures
extending through the optic canal. MRI may be helpful in directly
evaluating the intracanalicular portion of the optic nerve.

Damage to the globe may be minor to severe, with laceration and
rupture well seen on CT as deformation of the globe with decreased
ocular volume (Fig. 51._5). Enucleation may occur, and is more

Fig. 51.3 I nferior and medial blow-out fractures. Coronal CT image
demonstrates inferomedial displacement of bony fragments of left orbital
floor (arrow) as well as accompanying fracture of left lamina papyracea
(arrowhead). (Case courtesy of Orlando Ortiz, M.D.)



Fig. 51.6 Dislocated lens. Axial T 2 - weighted MR image demonstrates dis-
located right lens dependently within the vitreous chamber. Dislocation is
also seen on axial non-contrast CT.

Fig. 51.8 Retro-orbital haemorrhage. Axial (A) and coronal (B) CT images
demonstrate hyperdense lesion adjacent to left optic nerve. There is prop-
tosis due to infiltration of the retro-orbital fat.

Fig. 51.7 Vitreous haemorrhage. Axial T,- (A) and T 2- weighted (B) MR Fig. 51.9 Haemorrhagic retinal detachment. T,-weighted MR image
images demonstrate layering of blood within the dependent portion of the demonstrates elevation of retina by hyperintense haemorrhage. Retinal
right globe. High signal on T 1 -weighted image and low signal on attachment anteriorly to the ora serrata and posteriorly to the macula
T2- weighted image represents haemorrhage. creates a characteristic V-shaped configuration.

Fig. 51.5 Ruptured globe. Opacification of ethmoids with blood and
fluid secondary to extensive comminuted nasal and ethmoid fractures.
Bilateral fractures of lateral orbital wall (arrows). Hyperdense blood fills
ruptured and misshapen left globe. There is contusion of retro-orbital fat as
well as preseptal soft-tissue swelling.

common following trauma to the lateral border of the orbit. Lens dis-

location is well seen by CT or MRI (Fig. 51.6). Haemorrhage appears

as amorphous soft-tissue density within the anterior or posterior

chambers, or in the orbital fat at the site of injury (Figs 51.7, 51.8).

Retinal detachments may occur in any setting, and appear as

peripheral biconvex areas of increased CT density or MRI signal

i ntensity within the globe (Fig. 5 1.9). The detached retina is teth-

ered to the insertion of the optic nerve posteriorly and to the ante-

rior border of the sclera/retina anteriorly (ora serrata). Choroidal

detachments have a similar appearance, except that an additional

site of attachment is present at the midglobe where the choroidal

arteries pierce the sclera (Fig. 51.10). Retinal and choroidal detach-

ments may be present concurrently.
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Fig. 51.10 Trauma with blow-out fracture and choroidal detachment. Axial CT image (A) demonstrates preseptal soft-tissue swelling as well as infiltration
of retro-orbital fat representing contusion. Elevation of choroid (arrowheads) is due to hyperdense suprachoroidal haemorrhage. Opacification of left

ethmoid sinuses is related to medial blow-out fracture. Axial T1 -weighted MR (B) confirms presence of suprachoroidal blood.

area of increased T, signal intensity, which may enhance with con-

trast administration on T,-weighted sequences.

Foreign bodies may be deposited with penetrating injury, and must

be localised prior to surgical debridement. X-rays may provide

sufficient information, but CT demonstrates smaller fragments and

their relationship to the globe and optic nerve. Wood is generally seen

as air density, while glass is usually hyperdense (Fig. 51.11 ). Plastics

vary in their composition and CT appearance. Metals are hyperdense,

and may cause streak artefact (Figs 5 1 .12, 51.13). Either study may be

used with confidence in excluding the presence of ocular metal

foreign bodies prior to MRI.

Most diffuse processes involving the orbit are inflammatory or

infectious in origin. Patients often present with restriction of motion

of the globe, proptosis and pain. Systemic symptoms and signs may

be present. Imaging is performed to define the aetiology and extent

of disease, and to assess the response to therapy.
Fig. 51.11 I ntraorbital wooden foreign body. Axial CT image (A) per-

formed immediately after injury demonstrates large radiolucent splinter
penetrating left globe, simulating appearance of intraorbital emphysema.
Follow-up examination (B) performed 3 weeks later demonstrates increased

density of foreign body as the interstices have become filled with fluid.

Optic nerve damage may be seen directly as discontinuity, but

more often must be inferred from the clinical findings and presence

of perineural haematoma. MRI may demonstrate focal injury as an

Infection, the most common orbital pathology in children, usually

occurs secondary to direct injury or spread from an adjacent focus.

particularly the paranasal sinuses or face (Fig. 51.14). Most are bac-

terial in origin, but immunocompromised and diabetic patients are

prone to devastating fungal infections. The septum and muscle cone

Fig. 51.12 I ntraorbital metallic foreign body. Fractured tip of knife blade demonstrated on lateral plain film (A) is well localised to left intraconal com-

partment by axial (B) and coronal (C) CT images. Retro-orbital haematoma obliterates the normal intraconal fat. There is rupture of the globe. (Case cour-

tesy of Orlando Ortiz, M.D.)



Fig. 51.14 Extraconal orbital abscess from sinusitis. Enhanced axial CT
i mage demonstrates opacification of ethmoid sinuses and mucosal thicken-
i ng within the sphenoid sinus. There is preseptal cellulitis on the left, with
thickening of the eyelid. Low-attenuation subperiosteal abscess in the
medial extraconal compartment causes proptosis.

provide strong barriers to the spread of infection, although the
valveless veins of the face and orbit allow the spread of throm-
hophlebitis across these planes. Coronal imaging is extremely
useful, as most infections are extraconal and broad-based against
the bony orbital wall.

Fig. 51.15 Scleral pseudotumour. Marked thickening and irregularity of
the sclera of the right globe involves the adjacent retro-orbital fat.

The most common cause of orbital mass in adults is idiopathic
i nflammatory pseudotumour. Most patients with the acute form
present with pain, proptosis and diminished ocular mobility, with
histological changes similar to vasculitis. The chronic form may
mimic infection or lymphoma both clinically and histologically. No
underlying cause has been identified, although autoimmune aetio-
l ogies are suspected. Unilateral presentation is most common, but
findings can be bilateral. All compartments of the orbit may be
affected-lacrimal gland, muscle cone, optic nerve and sclera in a
diffuse pattern (Fig. 51.15). A rapid response to the administration
of steroids is helpful in confirming the clinical and radiographic
diagnosis. Biopsy is reserved for those patients with atypical fea-
tures such as bony involvement or lack of response to medication;
l ymphoma will often be diagnosed in these situations.

I maging usually shows heterogeneous poorly marginated increased
CT density and decreased T, and T, MRI signal intensity (versus fat
and muscle) within the intraconal fat surrounding a thickened sclera
or enlarged optic nerve, sometimes simulating a mass. The diffuse
form shows these changes throughout the orbit (Fig. 51.16), or may
present as a discrete mass lesion. The lacrimal gland may be
enlarged. Enhancement occurs following contrast infusion.

Muscle cone involvement has been well studied, but remains
difficult to separate from thyroid ophthalmopathy. Enlargement
of one or more muscles may occur unilaterally or bilaterally
(Fig. 51.17). Pseudotumour is more likely than Graves' myositis if the
tendinous insertions are also involved. Lack of insertion involvement
has no predictive value. Isolated lateral rectus muscle thickening

Fig. 51.13 Displaced metallic orbital floor prosthesis. Lateral scout radi-
ograph (A) demonstrates operative fixation of previous mandible fracture
and orbitonasal injuries. Punctate densities represent projectiles from recent
shotgun blast. Axial CT image (B) demonstrates upward displacement of
metallic orbital floor prosthesis (arrow).

Cellulitis i s seen as a poorly defined area of increased CT density
or T, signal intensity within the fat. There is amorphous enhance-
ment following contrast infusion. Abscesses are more discrete and
mass-like, and may contain central low CT density or higher T

2

signal intensity, with peripheral enhancement following contrast
administration on CT and T,-weighted sequences. Air may rarely be
seen within the abscess. Fungal infections often demonstrate
aggressive bony destruction, which is best seen on CT.

Prompt identification, treatment and drainage are required, as
life-threatening complications may occur due to intracranial spread
of infection. Asymmetric size or enhancement or bowing of the
lateral wall of the cavernous sinus may indicate septic thrombosis
and must be reported as an emergency. MRI may be most sensitive
in this setting.
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Fig. 51.18 Thyroid ophthalmopathy. Unenhanced axial (A) and coronal
(B) CT images demonstrate massive enlargement of the rectus muscles,
including fusiform enlargement of the lateral rectus with relative sparing of
the distal muscle insertion.

I maging demonstrates that enlargement is confined to the muscle
belly, sparing the tendinous insertion (Fig. 51.18). CT density mea-
surements of affected muscles may not vary from normal, but areas
of increased T, MRI signal intensity are often noted. Patients with
these findings have a more favourable response to treatment.
Enhancement of the affected muscle groups occurs acutely, but may
he diminished in the chronic phase.

Rhabdomyosarcoma is the most common primary orbital malig-

nancy in the paediatric age group. with most patients presenting
below 6 years of age. One half are metastases to the orbit from
primary tumours located elsewhere; one half arise primarily within
the superior orbit, probably from undifferentiated cell rests. Patients
present with rapidly progressive exophthalmos that may mimic
orbital infection. Bone destruction and extension into the paranasal

Patients with Graves' disease present with proptosis and eyelid sinuses may further confuse the imaging appearance (Fig. 51.19).
retraction, ophthalmoplegia and scleral injection. Hyperthyroidism Spread of tumour beyond the orbit, particularly intracranially, por-
may not be apparent clinically at presentation. Conversely, ophthal- tends a worse prognosis. The tumour is very sensitive to chemo-
mopathy may occur in patients who are currently euthyroid, but and radiotherapy, and may respond to treatment quickly.
who have previously been hyperthyroid. Bilateral symmetrical Both CT and MRI will typically show a mass involving an
enlargement of the cxtraocular muscles is most frequent, usually extraocular muscle. Lesions are isodense on CT and isointense on
involving the inferior, medial and superior recti, in that order, with T,-weighted images when compared to muscle. There may be asso-
the lateral rectus least often affected. Inflammatory enlargement of ciated bony destruction and contiguous extraorbital spread. The
the extraocular muscles occurs acutely, and is the cause of symp- tumour involves the globe less often, but when involvement is
toms. In the chronic phase, inflammatory cells are replaced by present, MRI is the preferred imaging modality. Marked enhance-
fibrous and fatty tissue, at which time treatment with steroids and/or ment throughout the mass is seen after contrast administration.
radiation therapy is poorly effective and surgical decompression
may he required. If thyrotoxicosis is also present, increased intraor-
bital fat may be seen. This increase in orbital contents is responsible
for the proptosis and may cause visual loss due to corneal ulcera- Lymphoma uncommonly involves the orbit, but may infiltrate the
tion or optic nerve compression. cxtraocular muscles in any pattern (Fig. 51.20). Systemic disease is

Fig. 51.17 Myositic pseudotumour. Enhanced axial (A) and coronal
(B) CT images demonstrate fusiform enlargement of right lateral rectus
muscle (arrowheads).

favours pseudotumour, especially if the lacrimal gland is also
enlarged.

Fig. 51.16 Diffuse pseudotumour. Axial MR T,-weighted image showing
a diffuse mass in the right orbit due to pseudotumour.



Fig. 51.21 Lymphoma. Enhanced axial CT image demonstrates exten
sion of right orbital apex mass to the right cavernous sinus (arrow) via thi
superior orbital fissure. There is right proptosis. Enlargement and abnorma
enhancement of right medial and lateral rectus muscles could represen
i nfiltration by tumour, but are more likely due to venous congestion fron
cavernous sinus obstruction. (Case courtesy of Orlando Ortiz, M.D.)

uncommon at initial presentation, but develops subsequently in one
third of patients, particularly those with bilateral disease. There is;

female predominance. Non-Hodgkin's lyrnphoma is most comma

(Fig. 51.21).
Muscle enlargement may be seen with granulomatous disease,

such as Wegener's granulomatosis, sarcoidosis or histiocytosis X
They may be symmetric, and difficult to differentiate from pseudo
tumour. Concurrent sites of involvement elsewhere in the head
neck or chest may be present.

Secondary swelling and oedema of the extraocular muscles mal
also be associated with vascular lesions that result in increase(
venous pressure, such as carotid-cavernous fistulas (Fig. 51. - ?)
Apical masses that produce compression of the ophthalmic vein
may also cause the same findings.

Most masses present with proptosis due to mass effect within the
closed space of the orbit. They are usually benign and are infre-
quently associated with systemic illness or symptoms, particularly
i n adults. Imaging is utilised to evaluate the location and extent of
the abnormality.

Haemangioma These benign masses composed of dilated
vessels with endothelial linings may be divided into the capillary
type, which occur in childhood, and the cavernous type, om.ur-
ring in adults. Both forms have a female predominance.

Capillary haemangiomas These present in infancy with chemo-
sis of the eyelid and injection of the sclera. They may grow quickly,
plateau, and then gradually involute. They have no surrounding
capsule, and therefore may grow large and appear infiltrative,
si milar to rhabdomyosarcoma. Concurrent preseptal and postseptal
i nvolvement may occur. Secondary remodelling and enlargement
of the orbit may occur but bone destruction is not seen. CT shows
an infiltrative mass of homogeneous intermediate density, while
heterogeneous T, signal intensity similar to muscle is noted on

Fig. 51.20 Lymphoma. T,-weighted MR image (A) demonstrates propto-
sis of right globe due to a large intermediate signal intensity lesion that
i nvolves the lacrimal fossa and the right lateral rectus muscle (arrow), with
extension posteriorly in the extraconal compartment. Postcontrast image
(B) demonstrates homogeneous enhancement.

Fig. 51.19 Rhabdomyosarcoma. Contrast-enhanced axial CT image
(A) through orbits demonstrates right proptosis due to large, lobular, intra-
orbital mass. Image at lower level (B) demonstrates invasion of right maxil-
lary sinus (asterisk) as well as extension through lateral orbital wall (arrow),
consistent with the aggressive nature of this tumour. (Case courtesy of
Orlando Ortiz, M.D.)
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Fig. 51.23 Cavernous haemangioma. T,-weighted axial (A) and sagittal
(B) MR i mages demonstrate proptosis of right globe due to well-
circumscribed, mid to high signal intensity intraconal mass.

Fig. 51.22 Cavernous sinus thrombosis. Axial CT image (A) demonstrates
proptosis with preseptal soft-tissue swelling and enlargement of the left
lateral rectus muscle (arrowhead). There is subtle enlargement of the left
cavernous sinus, with areas of diminished enhancement. Image at a higher
level (B) demonstrates massive distension of the left superior ophthalmic
vein (arrow).

MR1. Marked enhancement occurs following contrast infusion.
Pooling of contrast may be seen on CT, with flow voids noted on
MRI corresponding to dilated vessels. Phleboliths are rarely seen.

Cavernous haemangiomas These are the most common benign
orbital tumours in adults. These masses grow slowly, with most Fig. 51.24 Lymphangioma. Supine axial (A) and prone corona)
l ocated intraconally. Patients present with proptosis or diminished (B) enhanced CT images demonstrate a complex intraorbital mass medial
range of ocular motion and diplopia. When the tumour is located in to the right globe. Fluid-fluid level is characteristic for haemorrhage, and

the apex, optic nerve compression may occur and the patient may consistent with the clinical history of acute proptosis and ocular pain. (Case

Cavernous
ha-man;-as have a courtesy of Orlando Ortiz, M.D.)

resent with visual field loss. p g
fibrous pseudocapsule, and are homogeneous and sharply mar-
ginated in appearance. T,-weighted MRI sequences demonstrate
high signal intensity within this lesion. Dense contrast enhancement
with pooling and flow voids is also seen (Fig. 51.23).

Lymphangioma Lymphangiomas arc hamartomas that arise
embryologically from the primitive vascular tree, as the postseptal
orbit has no normal lymphatic tissue. They are composed of
varying amounts of solid and cystic material, including fibrous
tissue, dilated lymphatic channels, dysplastic vessels and lym-
phoid tissue. Haemorrhagic products of different ages are noted

MRI. Patients present in childhood with slowly progressive
Fig. 51.25 Lymphangioma. Axial T,-weighted (A) and T

2
- weighted

ou (B) MR i mages demonstrate mild right proptosis due to complex, multi-
exophthalmos or with sudden proptosis due to intratumoral haem- l oculated, cystic, extra-axial lesion in the superomedial aspect of the right
orrhage and expansion. orbit.

These lesions are largely extraconal but commonly cross bound- nents that bleed. MRI is preferred for preoperative planning as it
aries to show simultaneous intraconal and preseptal involvement. CT most clearly delineates the boundaries of the lesion.
shows a poorly defined lohulated mass of mixed attenuation with
variable enhancement (Fig. 51.24). MRI more clearly shows trans- Haemangioperieytoma Haemangiopericytoma is a vascular

fascial spread as well as the heterogeneous cystic and haemorrhagic tumour occurring in adults. Clinical presentation and appearance

components, especially on T,-weighted sequences (Fig. 51.25). are very similar to cavernous haemangiomas: both are encapsu-

Enhancement on MRI is minimal, and occurs in the venous compo- lated with generally homogeneous density and signal intensity,

THE ORBIT 158 1



1582 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 51.28 Neurinoma. Contrast-enhanced CT demonstrates medial dis-
placement of right optic nerve by a well-circumscribed, homogeneously
enhancing Vlth nerve neurinoma. Note adjacent scalloping of sphenoid
bone (arrow).

Non-plexi form neurofibromas and neurinomas are ovoid. well-
defined, homogeneous and hypovascular, with mild uniform
enhancement (Fig. 51.28). Cystic degeneration may occur, and will
appear hypodense on CT, and hyperintense on T,-weighted MR[
sequences. Plexiform neurofibromas are poorly defined, crossing
fascial planes and surrounding normal structures (Fig. 51.29).
Contiguous extension to the face or cranium may be seen, and is
best evaluated by MRI. Signal intensity and enhancement patterns
are heterogeneous and variable, as the cellular composition is

inconstant.

Metastases and lymphoma Although rarely discovered clini-
cally, metastases to the orbit may occur from systemic primaries,
particularly neuroblastoma and leukaemias in children (Fig. 51.30),
and breast, lung, prostate (Fig. 51 .31) and stomach cancer in
adults. Patients present with pain and proptosis, sometimes without
a history of known primary malignancy. These lesions are poorly
defined, infiltrative and demonstrate marked contrast enhancement
on CT and MRI. Most often the primary source of the tumour
cannot be differentiated prospectively based on imaging appear-
ances. Primary lymphoma of the orbit represents 1 % of lymphoma
patients, and is most often of non-Hodgkin's variety (Fig. 51.32).
Metastatic lymphoma to the orbit is even less common, and is
usually indistinguishable from other malignancies.

Histiocytosis X Histiocytosis X is a chronic granulomatous disor-
der of unknown cause that primarily affects the reticuloendothe-
lial system. Multiple eosinophilic granulomas occur, usually near
the lacrimal fossa, often associated with lytic bone defects. The
i ntermediate variety, Hand-Schuller-Christian disease, affects
children; the infantile form, Letterer-Siwe disease, may produce
additional intracranial or calvarial lesions. CT and MRI show a
poorly defined homogeneous soft-tissue mass, generally with
sharply marginated bony erosion, with marked enhancement fol-
l owing contrast administration (Fig. 51.33). A diffuse infiltrative
pattern that mimics pseudotumour occurs less often.

Dermoid/epidermoid These are congenital lesions that result
from sequestration of primitive ectoderm in the region of the
orbit, usually presenting during childhood as a discrete mass or
with proptosis. They are most often located near the lacrimal
fossa or nasal bone and are homogeneous in appearance. They
grow slowly, often remodelling adjacent bone or sutures. The
presence of fat is clearly seen on CT and MRI, allowing accurate

Fig. 51.27 Encephalocele. Axial T,-weighted MR image demonstrates
marked proptosis of right globe with stretching of attenuated right optic
nerve (arrowhead) due to herniation of dura and temporal lobe through a
l arge sphenoid defect in this patient with neurofibromatosis.

Fig. 51.26 Haemangiopericytoma. Axial CT image (A) demonstrate!
well-circumscribed enhancing retro-orbital lesion. Bone window,
(B) demonstrate erosion of adjacent lateral orbital wall.

and marked contrast enhancement. However, haemangiopericy-
tomas may demonstrate bone destruction and muscle invasion anc

recur following incomplete excision (Fig. 5126). Distant metas-
tases may also be seen.

Neurofbromas/neurinomas In addition to the cranial nerves there
are sympathetic, parasympathetic, and sensory and motor nerves
that traverse the orbit; these may be the source of isolated neurino-
mas and plexiform neurofibromas. The isolated variety presents it
adulthood with proptosis. The plexiform type is strongly associates
with neurofibromatosis, and is most often seen in younger patients
with known disease. In patients with neurofibromatosis, the ipsilat-
eral greater wing of the sphenoid bone may be dysplastic, which
may result in pulsatile exophthalmos (Fig. 51.27).



Fig. 51.30 Leukaemic chloroma. Enhanced axial CT image in 12-year-old
female with ALL demonstrates left proptosis due to well-circumscribed,
homogeneous extraconal mass. (Case courtesy of Orlando Ortiz, M.D.)

Fig. 51.31 Metastatic prostate carcinoma. Axial CT image (A) through
orbits demonstrates small lytic lesion of left lateral orbital wall in a patient
with prostate carcinoma. Soft-tissue windows (B) demonstrate contiguous
extension of soft tissue into lateral extraconal compartment (asterisk) with
medial displacement of the lateral rectus muscle.

Fig. 51.32 Lymphoma. Bilateral, symmetric, enhancing soft-tissue
masses occupy the lacrimal gland fossa. There is posterior extension in the
extraconal compartment with bilateral proptosis. Trochlear apparatus calcification Calcification of the trochlear

apparatus (superior-medial quadrant of the orbit) is commonly

prospective differentiation from other orbital masses (Fig. 51.34). seen in patients over 50 years of age as a benign finding. When
They do not enhance. Variation in cyst contents will result in a present at an earlier age. it i s highly associated with diabetes mel-
less typical imaging appearance. l usts. The cause I S unknown. Differentiation from tendon sheath

Fig. 51.29 Plexiform neurofibroma. T,-weighted (A) and T2 - weighted (B) MR images demonstrate extensive left temporal scalp lesion with extension to
the left orbit resulting in mild proptosis. MR also demonstrates ectatic left optic nerve (arrow). CT image at bone windows (C) demonstrates associated
bony defect of left lamdoid suture.
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Fig. 51.33 Histiocytosis. Axial CT image (A) demonstrates soft-tissue
mass in superolateral aspect of left orbit. Bone window (B) shows associ-
ated bony erosion.

Fig. 51.34 Lacrimal gland dermoid. Coronal (A) and axial (B) T 1 -weighted
images demonstrate a well-circumscribed lesion located in the upper outer
quadrant of left orbit. High signal intensity is consistent with fat.

Fig. 51.36 Carotid-cavernous fistula. Enhanced axial CT image (A) demon-
strates enlargement or right superior ophthalmic vein (arrow). Image at lower
level (B) demonstrates engorgement of right medial rectus muscle as well as
elevation of choroid (arrowhead) by suprachoroidal effusion resulting from
orbital venous hypertension.

Carotid-cavernous fistula Direct communication between the
i nternal carotid artery and the cavernous sinus, resulting in trans-
mission of arterial pressure to the venous system, is termed a
fistula. It may occur following trauma (skull base fracture, pene-
trating injury), or develop spontaneously due to an underlying
vascular disorder (fibromuscular dysplasia, atherosclerosis,
aneurysm rupture, dural arteriovenous malformations). Patients
present acutely with unilateral injection of the sclera, chemosis of
the eyelids and pulsatile exophthalnios. Bilateral orbital findings
can be present due to transmission of increased venous pressure
to the contralateral cavernous sinus via the circular sinus. Visual
loss may accompany severe venous congestion.

Venous distension is apparent on US, CT and MRI (Fig. 51.36),
although muscle enlargement may he seen only with CT and MRI.
Carotid arteriography is still the diagnostic procedure of choice
(Fig. 51.37). Early filling of the cavernous sinus and jugular
veins is seen, with the superior ophthalmic vein providing an
i mportant collateral channel to the external jugular system. Neuro-
interventional treatment may he employed to close the fistula site
directly.

Fig. 51.35 Varix. Contrast-enhanced CT demonstrates fluid-contrast
l evel within preseptal varix of left orbit.

syndrome (Brown's syndrome) is based on the presence of ocular
motility restriction in symptomatic patients.

Varix Mild asymmetry or prominence of the superior ophthalmic
veins is common in normal patients. An increase in systemic venous
pressure, such as with the Valsalva manoeuvre, coughing or depen-
dent head position, may result in dilatation and proptosis.

Differentiation from venous dilatation due to other causes is manda-
tory, as masses in the orbital apex may compress and distend the

vein. Haemorrhage can occur, and repeated episodes of proptosis
may result in blindness. Ultrasound with colour Doppler imaging,
CT and MR1 will all demonstrate the vein and its status, and show

dilatation on dynamic imaging with straining, confirming the diag-
nosis (Fig. 51.35). Phleboliths are rarely present.

Ophthalmic vein thrombosis This may occur as a result of
stasis and compression, infection, or extension of cavernous sinus Patients with abnormalities of the optic nerve and its coverings
thrombosis. Lack of normal flow void within the vessel is seen on present with proptosis, visual loss and papilloedema. As symptoms
MRI sequences. Aetiologic causes within the orbit, orbital apex or are non-specific and clinical examination of the postseptal space is
cavernous sinus are usually seen, particularly on MRI after contrast li mited, imaging is required for diagnosis. Expansion of the tubular-
enhancement. Coronal images may best demonstrate the pathology. shaped optic nerve and sheath is well demonstrated on both CT and
MRA of the venous system may also demonstrate absence of flow MRI, especially with coronal sections where direct comparison to
within the vein. Colour Doppler imaging may also be employed in the uninvolved side may be made. Imaging of the intracranial space
this setting to confirm the diagnosis non-invasively. i s required because the optic nerve and its coverings are contiguous



Tumours of the sheath are demographically and histologically

si milar to those seen intracranially. Meningiomas are most often

seen in middle-aged women who present with visual loss, papil-

loedema and pallor of the optic nerve head. The tumour originates

from the sheath itself, circumferentially encasing and spreading

Fig. 51.38 Optic nerve glioma. Enhanced coronal CT image demon-
strates homogeneous enhancement of enlarged right optic nerve.

Fig. 51.41 Optic nerve meningioma. Coronal T,-weighted MR image
(A) demonstrates marked thickening of right optic nerve sheath (arrow-
head). Axial T,-weighted postcontrast fat-saturated image (B) demonstrates
peripheral enhancement of the thickened right optic nerve sheath. Non-
enhancing soft tissue within represents the encased optic nerve.

Fig. 51.40 Optic nerve meningioma. Enhancement of thickened right

optic nerve with elevation of optic disc (arrowhead).

along the nerve. With continued progression, cxophytic growth is

seen. Ectopic meningiomas also occur infrequently, arising from

rests found within the orbit.

Meningiomas are dense fibrous tumours with a high degree of

cellularity and little extracellular fluid. Calcification is common.

Plain films may show widening of the optic canal, or hyperostosis

of the sphenoid wing. CT generally shows a dense, sharply defined

tubular mass surrounding and paralleling the course of the optic

Optic nerve gliomas are uncommon tumours, occurring almost

entirely in children. They are most often low-grade pilocytic astrocy-

tomas in the paediatric population. There is a high degree of associa-

tion with neurofibromatosis type 1, especially when bilateral masses

are present. Tumours in adults are rare and are usually higher in grade

and extend from a primary lesion involving the optic chiasm. The

optic nerve may expand uniformly and diffusely, or may be fusiform.

Exophytic growth through the sheath occurs less commonly. Plain

films may show asymmetric widening of the optic nerve canal. CT

density and MRI signal intensity is generally homogeneous, with only

mild uniform enhancement seen after contrast administration

(Figs 51.38, 51.39). The coronal cross-section density is also uniform,

distinguishing this tumour from those of the meningeal sheath.

Haemorrhage and calcification are rare. MRI is preferred for evalua-

tion for evaluation of the intracranial visual pathways.

Fig. 51.37 Carotid-cavernous fistula. Right internal carotid injection
(straight arrow), lateral view, opacities cavernous sinus (curved arrow) as
well as dilated superior ophthalmic vein (arrowhead). Note absence of

filling of intracranial carotid circulation.

with the brain and dura mater, and other portions of the visual

pathway are often involved.

Fig. 51.39 Optic nerve glioma. Enhanced fat-saturated axial T,-weighted

image (A) demonstrates mild enhancement and enlargement of intraor-
bital and canalicular segments of left optic nerve as well as dilated low
signal intensity perioptic space. Coronal image (B) confirms enlargement of

nerve and surrounding perioptic space.
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nerve, with marked enhancement after contrast administration
('tram track') (Fig. 51.40). Kinking of the nerve may be seen. MRI
will show a homogeneous mass of decreased T, and T, signal inten-
sity, with strong enhancement, especially with the use of fat sup-
pression sequences. Coronal images are preferred, as the encased
optic nerve will be seen in relief against the densely enhanced
tumour. Extension through the optic canal is best demonstrated by
MRI (Fig. 51.41).

symptomatic cases of pseudotumour cerebri, but are not specific for
this entity (Fig. 51.42).

Hydrops, or focal accumulation of fluid within the perioptic
space, may occur following compression from any extrinsic mass,
particularly if located in the orbital apex. Symptoms are unilateral
and referable to the compression of the nerve rather than to
i ntracranial causes.

Enlargement of the optic nerve and sheath can occur due to sec-
ondary involvement from a variety of orbital and systemic abnor-
malities. Pseudotumour may result in a mild increase in size of the
complex, particularly near the insertion on the globe, with indis-
tinct margins and enhancement. Other portions of the sclera or orbit
are often also abnormal. Graves'disease may demonstrate a similar
appearance. Sarcoidosis may also present with enlargement of the
optic nerve-sheath complex, most often with concurrent involve-

Fig. 51.42 Pseudotumour cerebri. Enhanced, fat-saturated axial
T1 -weighted (A) and T 2 -weighted (B) MR images demonstrate dilated optic
nerve sheath surrounding optic nerves (arrowheads). Papilloedema (seen
on right in (B) and fluid-filled empty sella (asterisk) are frequent accom-
panying findings.

Acute inflammation of the optic nerve may occur as an isolated
Approximately half of normal individuals will demonstrate promi- event or in association with multiple sclerosis. Oedema and
nent subarachnoid space surrounding the optic nerve as a normal i nflammatory cells infiltrate the nerve, resulting in uniform swelling
finding, usually bilaterally. Intrathecal enhancement is often seen and focal demyelination. Because of strong similarities in demo-
following myclography or cisternography. graphics, laboratory studies and imaging appearances, isolated optic

Elevated intracranial pressure may be transmitted through a neuritis is thought to he a forme fruste of multiple sclerosis.

patent perioptic space and may result in progressive visual loss if Patients are most often young women who present with painful
untreated. Gross distension and tortuosity of the complex is charac- visual loss, without ophthalmoplegia. Steroids may be used in
teristic, with convex bulging of the optic nerve head at the papilla therapy, although most patients will improve spontaneously.
seen on axial or sagittal images of the globe. CT and MRI show the MRI is the imaging test of choice due to the high sensitivity to fluid
space between the meningeal coverings and nerve as isodense and and oedema seen with T2 - weighted sequences. Contrast-enhanced T,-
i sointense to CSF, respectively. These findings are often seen in weighted fat suppression sequences will usually demonstrate focal

enhancement at sites of increased TI signal intensity representing

, acute plaques of demyelination (Figs 51.43, 51.44). Changes charac-
teristic of multiple sclerosis arc seen within the brain in one-third of
patients. CT is relatively insensitive to these subtle changes, and may
show only minimal enhancement (Fig. 51.45).

Radiation-induced optic neuropathy This may have a similar
imaging appearance. MRI will show areas of increased T, signal
intensity and enhancement on T,-weighted images within the
optic nerve confined to the field of irradiation for head and neck,
pituitary or cavernous sinus malignancies. A direct dose-response
curve is seen for doses over the tolerance level of 50-55 Gy.
Correlation of the history, images and radiation port and dosage
confirms the diagnosis.

Ischaemic optic neuropathy This condition is well shown on T, -
weighted MRI sequences, and is indistinguishable on imaging
from optic neuritis due to multiple sclerosis and radiation therapy.
However, patients with this diagnosis are usually elderly, with
sudden and painless loss of vision in one eye, associated with
pallid swelling of the disc. Both eyes may eventually be involved.
The cause of the ischaemia is unknown, although giant-cell arteri-

tis may be identified in a small subpopulation. Surgical decom-
pression had been recommended in the past, but has recently been
shown to be ineffective or dangerous. Currently, no treatment is

considered proven effective.



Fig. 51.45 Optic neuritis. Straightening and thickening of right optic
nerve. Similar but less severe changes on left.

ment of the proximal visual pathway, especially the optic chiasm
( Fig. 51.46).

Metastases from solid organ tumours may result in focal or
diffuse nodular enlargement, particularly in children, while
leukaemias and lymphomas may result in smooth tubular expansion
due to infiltration throughout the sheath and nerve. The clinical
findings and history will usually assist in arriving at the diagnosis.
I ntraocular malignancy may also extend along the optic nerve.

Colobomas Failure of normal globe development resulting in a
defect in closure of the fetal optic stalk is termed a coloboma.
This abnormality is inherited in an autosomal dominant pattern,
and bilateral defects are common. Any portion of the globe may
be involved; variable extension into the optic nerve may cause
dilatation. Other CNS anomalies may be present. Most patients
present in childhood with visual field defects, or with a `keyhole'
defect in the iris noted on clinical examination. Imaging demon-
strates an elongated globe, occasionally with posteroinferior
retinal cysts (Fig. 51.47).

Axial myopia/staphyloma Elongation of the anteroposterior
diameter of the globe may be congenital or acquired. A history of

Disorders of the globe in adults usually present with visual field
deficits. Children may present with alterations of ocular shape and
size that are often apparent clinically, or with a lack of the normally
observed red reflex on fundoscopic examination (leucocorca). In
other patients, ocular pathology may he discovered incidentally.
I maging is required to define the specific lesion and exclude addi-
tional abnormalities. Ocular masses may be equally well evaluated
by US, CT or MRI. but associated extraocular abnormalities are
better defined by MRI.

Fig. 51.44 Optic neuritis. Axial T,-weighted postcontrast MR image with
fat saturation demonstrates enhancement of the intraconal portion of the right
optic nerve. Normal left optic nerve is indistinguishable from surrounding
intraconal fat. Note normal bright enhancement of extraconal muscles.

Fig. 51.43 Optic neuritis. Contrast-enhanced T,-weighted coronal (A) and
fat-saturated axial T, (B) MR images demonstrate subtle enlargement and
enhancement of the left optic nerve (curved arrow). T 2 -weighted axial image
(C) demonstrates corresponding increased signal intensity (straight arrow).

Haemorrhage in and around the complex may cause apparent
expansion and alteration of the appearance of the normal perioptic
fat, but enhancement is uncommon, and clinical indications of
tumour are absent.

` Tenting' o/' the globe i s seen as a secondary sign of increased
orbital tension due to an acute or subacute mass that produces prop-
tosis and stretching of the nerve. The degree of posterior scleral
angulation correlates well with the severity of proptosis. A posterior
globe angle of less than 120° with acute proptosis is an indication
for urgent surgical intervention.

THE ORBIT 1587



1588 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 51.47 Coloboma. Axial CT image demonstrates bilateral retinal
defects with outpouching in the region of the optic nerve head.

globe is enlarged and poorly sensitive to light. The process is
almost always bilateral. Differentiation from other causes of
macrophthalmos with normal intraocular pressures is required.
Clinical examination will usually confirm the diagnosis.

Mierophthalmia Failure of the optic stalk to form properly may
result in failure of induction and subsequent lack of identifiable
external eye structures. The resultant disorganised tissue may be
minimally evident, or result in a sizable cyst. Complete failure of
development is rare. The bony orbit is generally small, but may
be enlarged if a cyst is present. Identification of a lens and the
ciliary mechanism differentiates an abnormal globe from an

Fig. 51.46 Sarcoidosis. Axial T 1 - weighted MR image (A) demonstrates
thickening of optic nerves and chiasm (asterisk). Fat-saturated contrast-
enhanced axial (B) and coronal T 1 - weighted enhanced (C) images demon-
strate marked enhancement of the optic nerves and chiasm.

parental myopia is highly associated with the development of
juvenile onset myopia in children. These patients present with
blurry vision. The underlying problem is a mismatch between the
l ocation of the focal zone produced by the cornea and lens, and
the retina. Optometric correction is required. Imaging is rarely
used in the evaluation unless additional clinical findings are
noted. Elongation of the globe is seen, normally with a smooth
contour. Focal bulges of the sclera may be found, and are termed
staphylomas. These acquired defects are due to an area of focal
thinning of the sclera.

Buphthalmos Defects in the pattern of flow of aqueous humour Fig. 51.48 Congenital absence of the lens. Axial T,- (A) and T2 -weighted
(B) MR images demonstrate bilaterally mis-shapen globes, with microphthal-

from the anterior chamber through the ciliary body result in me, on left. Lens is not visualised. Presence of the ciliary mechanism (arrow)
i ncreased intraocular pressure and congenital glaucoma. The differentiates congenital absence of the lens from ocular cyst in this case.



Melanoma Melanomas arise from the choroid layer of the globe,
and are the most common primary ocular malignancy of adults.
African Americans are rarely affected. Most patients are older;
childhood cases arc uncommon. Patients present with decreased
visual acuity, retinal detachment or ocular pain. Tumours may
be classified as melanotic or amelanotic, although histological
staining invariably demonstrates cytoplasmic melanin granules.
Melanomas are highly invasive, and recurrence is common once
extraocular spread develops. Metastases may happen early or after
along disease-free interval, with hepatic, pulmonary, osseous and
cutaneous secondary sites involved most often.

US typically shows a raised homogeneously echogenic focus
Fig. 51.52 Choroidal melanoma. T,- (A) and T2 -weighted (B) MR images
demonstrate well-circumscribed broad based lesion of posterior left retina.

along the posterior wall of the vitreous chamber (`collar button'). High signal intensity on T,-weighted images and l ow signal intensity on
En plaque tumours also occur and are more difficult to identify. T,-weighted images is due to characteristic paramagnetic effect of melanin.

Fig. 51.51 Choroidal melanoma. Contrast-enhanced coronal CT image
demonstrates enhancing lesion of the medial retina of the left eye with
trans-scleral invasion (arrow). (Case courtesy of Orlando Ortiz, M.D.)

Less often, the majority of the globe may be involved. Retinal
detachments are frequently noted, and may be haemorrhagic.
Echogenic foci representing calcification are rare initially, but are
common following treatment. Doppler imaging usually shows a low
resistance flow pattern with little systolic/diastolic change. US
cannot evaluate the postseptal compartment well.

CT demonstrates a homogeneously dense soft-tissue mass extend-
ing into the vitreous cavity. Moderate enhancement is seen following
contrast administration (Fig. 51.51). Extrascleral spread to the post-
septal or perincural spaces is also well demonstrated. The MR1
appearance is highly dependent on the amount of melanin pigment
present. Melanotic tumours will he hyperintense on T,-weighted
sequences and hypointense on T2-weighted sequences due to the para-
magnetic effect of melanin (Fig. 51.52), while the amelanotic variety
will be identical in signal characteristics to any other soft-tissue mass
such as a metastasis. Contrast enhancement is typically marked, and
as a result T,-weighted postcontrast infusion thin section images are
most sensitive for the presence of subtle lesions. MRI is also the pro-
cedure of choice for ex ~luation of trans-scleral and perineural spread.

Fig. 51.49 Phthisis bulbi. CT image showing calcification of shrunken
and irregularly thickened left globe.

Fig. 51.50 Retrolental fibroplasia. Left globe is enlarged; there is right
microphthalmos with abnormally increased attenuation throughout the
posterior vitreous chamber.

ocular cyst (Fig. 51.48). There is a high association with genetic
disorders and other CNS malformations.

Phthisis bulbi The end-result of many destructive orbital processes
is a small, shrunken, misshapen globe that is insensitive to light. The
sclera is thickened and redundant, with dense calcification. The
i maging appearance is characteristic (Fig. 51.49).

Retinopathy of prematurity Retrolental fibroplasia occurs in
premature infants with respiratory distress syndrome treated with
high concentrations of inspired oxygen for prolonged periods of
time. An asymmetric bilateral presentation is common. Globe
atrophy or enlargement is seen, with or without retinal detach-
ment. Retinal damage results in scarring and visual loss. Imaging
demonstrates size abnormalities in globes of patients with appro-
priate histories (Fig. 51.50).
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Fig. 51.54 Retinoblastoma. Non-contrast axial CT (A) demonstrates bilat-
eral partially calcified intraocular masses. Enhanced image (B) demonstrates
spread through sclera and into intraconal compartment (arrow), predicting
poor prognosis.

CT scans in paediatric patients should be considered retinoblastoma
until proven otherwise. MRI shows the tumour as mildly hyperin-
tense to the extraocular muscles on T,-weighted sequences, with
increased signal intensity on T_ weighted sequences. Gradient-echo
sequences may show hypointensity within the mass due to the mag-

Metastases Secondary tumours of the globe are more common
than primary malignancies in adults. Most patients have a known
primary malignancy elsewhere, with breast, lung and renal
primary sites accounting for the majority of such lesions. The
choroid is usually affected due to the vascular pattern of spread of
most tumours. Retinal detachments occur frequently, but associ-
ated haemorrhage is uncommon.

Both US and CT show a globular or polypoid mass extending into
the vitreous cavity, sometimes associated with subretinal fluid and
partial retinal detachment. Echogenicity and density are variable.
Contrast enhancement on CT helps to differentiate tumour from asso-
ciated effusions, when present. MRI signal patterns are non-specific,

but MRI is better able to characterise the soft-tissue component.

Haemangiomas Although they are uncommon lesions, haeman-
giomas may occur within the globe. Cavernous haemangiomas
affect the choroid layer, usually during adolescence. They are
benign lesions which are histologically similar to the much more
common intraorbital variety. Spontaneous haemorrhage or retinal
detachments occur infrequently. There is a strong association with
Sturge-Weber syndrome. Cavernous haemangiomas appear as
soft-tissue masses on CT and MRI, often with marked enhance-

ment. US may be able to characterise them correctly by their
Doppler flow pattern.

Capillary haemangiomas affect the retina; one-half of patients
are known to have von Hippel-Lindau syndrome. They are histo-
logically similar to cerebellar haemangiomas and may be bilateral
or multiple in one-half of patients. Retinal detachments and haem-
orrhage are common, and are often the reason such patients seek
ophthalmologic evaluation. US, CT and MRI demonstrate inhomo-
geneous soft-tissue masses of variable echogenicity, density and
signal intensity, respectively, extending into the vitreous space.
Enhancement is marked following contrast administration. Due to
the associated haemorrhage, MRI signal intensity patterns can
mimic melanotic melanoma quite closely.

Retinoblastoma Retinoblastoma is the most common intraocular
malignancy in childhood. Most patients are diagnosed in early Fig. 51.53 Retinoblastoma. Non-contrast axial CT (A) demonstrates
childhood due to the presence of an abnormal light reflex on punctate foci of calcification within hyperdense left globe. Axial
fundoscopic examination (leucocorea). Alternatively, visual loss, T,-weighted (B) and T2 - weighted (C) MR images demonstrate full extent of

strabismus or non-specific symptoms may be noted. Approx- l arge lesion within left globe. High signal intensity on T,-weighted images,

i nnately one-third of patients present with bilateral tumours and low signal intensity on T2 -weighted images is consistent with the dense

and a history of autosomal dominant inheritance. Rare cases of
cellular nature of this tumour.

trilateral retinoblastoma demonstrate a concomitant primitive
neuroectodermal tumour of the pineal region.

Retinoblastomas are highly malignant and aggressive primitive
neuroectodermal tumours with frequent intraocular, trans-scleral or
haematogenous spread. In the absence of dissemination, enucle-
ation and radiation therapy may be curative, but extension into the
vascular spaces of the orbit or to the subarachnoid space predicts a
very poor prognosis. Recurrence rates are high; most patients
present within 1 year of initial diagnosis and treatment with a recur-
rent enlarging intraorbital mass. Approximately one-fifth of suc-

cessfully treated patients will develop a second neoplasm
regionally, especially those treated with radiation therapy.

US demonstrates a highly echogenic mass with shadowing in the
posterior globe, possibly with increased flow seen on Doppler

i maging. CT is the diagnostic procedure of choice due to the dense
calcification almost invariably observed within the retinal-based
soft-tissue mass (Figs 51.53, 51.54). Only 10% of retinoblastomas

l ack calcification on CT. Any calcification seen within the globe on
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Fig. 51.56 Coats' disease. Contrast-enhanced CT demonstrates hyper-
density.in posterior portion of left globe.

Toxocara canis I nfection may present with leucocorea, often
bilateral. Intracranial infection may also be present, possibly
resulting in seizures. The infection results in a sclerosing endoph-
thalmitis and replacement of the normal vitreous humour with a
proteinaceous excudate and larval granulomas. The diagnosis is
usually made on clinical grounds and confirmed by blood assays
for 7' eanis antibodies. CT demonstrates a hyperdense vitreous

Fig. 51.58 Persistent hyperplastic primary vitreous. Axial CT (A) demon-
strates central linear density within smaller right globe. Sagittal T,-weighted
MR (B) confirms finding of PHPV.

corea or following acute vitreous haemorrhage. Seizures, mental
retardation and hearing loss may be associated. If bilateral, PHPV
may be part of the diagnosis of Norrie's disease (congenital
progressive oculoacoustic cerebral degeneration), an X-linked
genetic disorder.

US, CT and MRI will all show a well-defined linear or triangu-
lar structure representing the persistent hyaloid artery extending
from the lens to the optic disc (Figs 51.57, 51.58). The lens may
he abnormally placed or shaped, and the globe may be small in
severe forms. Vitreous haemorrhage may occur, but retinal detach-
ments are uncommon. Enhancement of the fibrovascular pedicle may
occur following contrast administration. Calcification is rare.

Fig. 51.55 Trilateral retinoblastoma. Enhanced axial CT image (A)
demonstrates large lobular calcification based on right retina. A second,
s maller, retinal lesion can be seen overlying the left optic nerve head. Axial
image at higher level (B) demonstrates hydrocephalus due to large enhanc-
ing mass in the region of the posterior third ventricle/pineal cistern repre-
senting pineoblastoma.

netic susceptibility changes associated with calcifications. Marked
enhancement of the non-calcified soft-tissue component occurs
after contrast infusion.

Due to its improved sensitivity and multiplanar capability, MRI
may he superior to CT in the evaluation of trans-scleral or peri-
neural spread, and in the evaluation of the pineal region for addi-
tional masses (Fig. 51.55). However, the retinal calcifications
so easily seen with CT are poorly noted on MRI, and these two
examinations are often performed together.

Coats' disease Coats' disease, benign retinal telangiectasia, is
generally associated with complete retinal detachment and
massive subretinal exudates, resulting in unilateral leucocorea. No
aetiologic cause is identified. Males are most often affected,
usually presenting between 6 and 8 years of age. Calcification is
rare, allowing differentiation from retinoblastoma.

CT shows homogeneous increased density within the vitreous
chamber, retinal detachment and lack of enhancement after contrast
administration (Fig. 51.56). MRI demonstrates homogeneous
hyperintense signal intensity on both T,- and T,-weighted
sequences, again without enhancement following contrast infusion.

Persistent hyperplastic primary vitreous Persistent hyperplastic
primary vitreous (PHPV) is the result of lack of regression of the
embryonic hyaloid vascular system. These vessels are fragile and
prone to haemorrhage. Affected children may present with leuco-

Fig. 51.57 Persistent hyperplastic primary vitreous. Non-contrast axial
CT demonstrates hyperdensity throughout the posterior compartment of
the right eve.
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cavity, sometimes with retinal detachment. No enhancement is
seen. MRI shows this process as increased T, and T, signal inten-
sity within the vitreous humour.

Toxoplasma gondii The globe may be infected, with an imaging
appearance almost identical to T cani,c. Infection is thought to be
acquired in utero or immediately postnatally, with few cases occur-
ring later in life. It begins as a retinitis, with subsequent spread of
the inflammatory changes into the vitreous chamber. Although
usually self-limited, severe scarring of the retina may occur, result-
i ng in a dense visual field defect. Multiple lesions occur more often
i n the immunocompromised patient, leading to progressive visual Fig. 51.60 (A,B) Ocular prosthesis. Axial T 1 - weighted images demon-

loss. Recurrence is also more common in this latter population. strate left ocular prostheses in two different patients.

Cytomegalovirus ( CMV) Infection of the globe is the most plastic spheres or shields may be used in this role. They are gener-

common infection occurring in the immunocompromised patient. ally all hyperdense on CT, and demonstrate signal void on MRI

I mmunocompetent patients are rarely infected. Symptoms of (Fig. 51.60). The exception to this pattern is the integrated hydroxy-

visual loss are due to proliferative haemorrhagic retinal exudates. apatite implant made of denatured coral. This implant has an

Treatment with antiviral medications is usually successful. i mproved cosmetic appearance and mobility because the extraocu-

Blindness occurs if the infection is left untreated. CT findings are t ar muscles may he directly surgically attached to the implant.

usually non-specific, with changes due to retinal haemorrhage. Successful integration of the implant occurs due to fibrovascular
MRI findings may reflect the same process, but high-resolution ingrowth. Assessment of implant acceptance may be demonstrated

T,-weighted images may show moderate retinal enhancement fol- by uptake of nuclear medicine bone scan tracers or by enhancement

l owing contrast infusion. Concurrent CNS involvement may also O11
T, weighted MRI studies.

be present and is best evaluated by MRI.
Ocular infection with syphilis, herpes virus, Pnemnocvstis can.nii

and human immunodeficiency virus may occur in the immunocom-
promised patient. Diagnosis is generally made on clinical grounds, The lacrimal gland is a minor salivary gland and therefore demon-
or after vitreous aspiration and laboratory examination. strates pathology similar to salivary glands found elsewhere in the

head and neck. One-half of all lacrimal gland disorders arc due to
epithelial tumours, of which one-half are benign. The remainder of
the processes that affect the gland are inflammatory or lymphoid in
origin. Patients present with a superolateral orbit mass, inferome-
dial proptosis, or a dry eye. The fascia[ planes surrounding the
gland within the lacrimal fossa provide a resistant barrier to the
spread of pathology from this area. Abnormalities of the lacrimal
gland are the most common primary extraconal masses.

Benign tumours Benign mixed-cell tumours (pleomorphic
adenoma) are well-defined homogeneous soft-tissue masses of the
deep lobe that distort the remainder of the gland and may cause
minor remodelling of the adjacent bony wall. Distortion of the
adjacent globe may also be present, but is usually minor. They grow
slowly and are often present for I or 2 years before the patient
seeks clinical attention. Calcification is infrequently seen.
Enhancement is mild and variable on both CT and MRI. Treatment
i s surgical removal of the entire gland. Recurrence is uncommon.
Malignant transformation may rarely occur in patients with benign
disease who remain untreated for extended periods of time.

Dernioid and epidermoid tumours may also occur within the
l acrimal fossa, and result in proptosis. These benign tumours are well
defined and encapsulated, and are typically homogeneous and non-
enhancing. CT may show density approaching that of fat (Fig. 51.34),
while MRI may demonstrate hypointense T, and hyperintense T,
signal intensity relative to the normal int aeonal fat. Epithelial cysts

may occur within the lacrimal gland, but are uncommon. CT density
and MR1 signal intensity parallel water, although partial volume
averaging may interfere with direct measurements (Fig. 51.61).

Malignancy Carcinomas present with an accelerated clinical
course. Adenoid cystic carcinoma is the most common malignancy
of the lacrimal gland, and middle-aged females are most frequently

Fig. 51.59 Drusen. CT shows bilateral punctate calcifications, located
centrally over the optic nerve head.

A wide range of materials and constructs may be found within the
orbit as replacements for the globe after enucleation. Glass or

Optic nerve drusen are the most common causes of ocular
calcification in adults. They represent deposits of hyaline material
with secondary calcification, and are probably degenerative. Most
patients will have a subtle visual field defect even though the site of
the defect does not correlate with the location of the calcification.
Drusen are usually found incidentally on imaging, and are often
bilateral. There may be an inherited tendency to develop these
lesions. Fundoscopic evaluations may confuse their appearance
with true papilloedema. US and CT show a punctate calcification
centred on the optic nerve head (Fig. 51.59).



Fig. 51.62 Adenoid cystic carcinoma. Axial T,-weighted (A) and
T2-weighted fat-saturated (B) MR i mages demonstrate enlargement of the
posterior lobe of the left lacrimal gland by heterogeneously enhancing
lesion. Note adjacent remodelling of sphenoid bone, indicating longstand-
ing presence of lesion.

affected. Spread to the adjacent lateral rectos muscle or globe may

result in pain or restriction of motion. Erosion of the lateral wall of
the orbit may he seen on plain film or CT (Fig. 51.62). CT and MRI

demonstrate a poorly defined inhomogeneous soft-tissue mass, often

with marked focal enhancement. Spread of tumour along muscles

and nerves is characteristic, and predicts a poor prognosis.

RecunTenee is common following surgical removal.

Inflammatory masses I nflammatory and lymphoid masses of the

lacrimal gland constitute a diverse and overlapping group of dis-

orders. Most patients are of late middle age. and often present

with dry eyes due to diminished gland function, or with painless

proptosis of less than I year's duration. Bilateral involvement is

common.

The lacrimal gland has true lymphoid tissue within it, and there-

fore may harbour primary lymphoma, usually of the non-Hodgkin's Fig. 51.64 Squamous-cell carcinoma of lacrimal sac. Axial (A) and coronal
(B) CT scans demonstrate a large enhancing mass in the inferomedial portion

type (Fig. 51.20). Pseudo] ymphonut or reactive lymphomaloid of the left orbit. There is proptosis and lateral deviation of the left globe. Bone
hyperplasia may also occur. Both masses are soft and tend to windows (C) demonstrate destruction of medial orbital wall and nasolacrimal
conform to the orbit wall and globe: they rarely result in bony duct canal. Normal bony canal is seen on right (arrow).

Fig. 51.63 Sarcoidosis. Axial (A) and coronal (B) T,-weighted images
demonstrate prominent bilateral enhancement of lacrimal glands (arrows).

Fig. 51.61 Lacrimal gland cyst. Axial CT image demonstrates non-
enhancing cystic lesion lateral to the globe in upper outer quadrant of left
orbit.
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destruction or marked proptosis. They are difficult to differentiate
radiographically and pathologically.

Dacryoadenitis This may he seen as a result of numerous
processes such as sarcoidosis (Fig. 51.63), Graves' disease,
Sjogren's syndrome, inflammatory pseudotumour, or following
radiation therapy for regional malignancies. Rarely, infection may
also affect the lacrimal gland. Most causes of dacryoadenitis
result in a non-specific homogeneously enlarged appearance of
the gland, with significant enhancement seen only with Sjogren's
syndrome or subacutely following radiation therapy treatment. CT
and MRI are employed to define the location and extent of the
clinically suspected mass, with particular attention directed to
features suggesting invasion and extraorbital extension.

The nasolacrimal drainage system is responsible for the removal of
excess fluid from the preseptal space. Patients with abnormalitic, of
the nasolacrimal system present with tearing (epiphora), commonly
with cellulitis and swelling. A mucocele may occur in infants due to
embryologic failure of canalisation of a value in the distal naso-

lacrimal duct. Cross-sectional imaging is performed to evaluate

postseptal extension of infection, rather than the primary diagnosis
of infection itself. Dacryocystography is employed to define the
lacrimal sac and nasolacrimal duct system anatomically in a search
for sites of stenosis or obstruction (Fig. 51.2). Treatment may
consist of cannulation of the nasolacrimal duct with dilatation
and stenting, rather than surgery, although recurrent symptoms

due to restenosis are common. Using helical CT, topical adminis-
tration of contrast media into the eye, with rapid-sequence
cross-sectional imaging and retrospective sagittal and coronal
reconstructions, may be used to image the drainage apparatus

non-invasively.
Primary or secondary involvement by malignancies is uncom-

mon. Squamous-cell carcinoma is the most frequent primary
tumour of this area (Fig. 5 1.64), although basal-cell carcinoma has
also been reported. Lymphoma is rare (Fig. 51.65). Spread to the
medial canthus from sinonasal tumours may also occur. Malignant
features are often apparent clinically, with hone destruction and

invasion seen on CT and MRI.
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The petrous temporal bone is a complex structure with tiny bony
objects such as the crura of the stapes and canals like the vestibular
aqueduct which are less than I min in diameter. These are close to
the limits of resolution by imaging. Thus the best possible spatial
resolution is essential and discrimination of 24 line pairs per centi-
metre can be achieved on the latest CT scanners. This imaging is
mostly by CT, for showing bone detail, and MRI, for the inner ear
and its central connections. Conventional angiography has been
almost entirely replaced by MR angiography or contrast CT angio-
graphy. Metabolic imaging such as FDG-PET is being used to over-
come the problem of distinguishing recurrent tumour from radiation
damage. Isotope studies have an occasional role to assess activity in
malignant otitis externa.

The ability of CT to show intracranial lesions has been its first and
most important contribution to diagnostic imaging. For the otologist
this is the demonstration of intracranial complications of suppura-
tive ear disease, such as brain abscess, and the intracranial exten-
sion of tumours of the petrous temporal bone, such as glomus and

acoustic neuroma. Normal brain scan techniques with contrast
enhancement are required. In the high-resolution mode CT can be
used for the study of the middle and inner ears. Thin sections, 1 mm
thick, are viewed on a wide window setting of 3000 or 4000 HU.
Contrast enhancement is almost never used if lesions are confined
to the petrous pyramid.

The routine CT examination of the petrous temporal bone begins
with a lateral scout view showing the sections required for the exam-
i nation in the axial plane (Fig. 52.3). This is the natural plane for CT
and the most comfortable for the patient. It also gives the maximum
information regarding the middle and inner ears, especially the coils
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Plain radiography of the temporal bone
Plain mastoid views are now almost entirely obsolete except for
postoperative assessment of the position of a cochlear implant a

Fig. 52.1 S 's view of the pet oid with an extended electrode
rray in the first

an

d second coils of

the

cochlea. v = vestibule; s = superior
electrode array in the inner ear. For this either the Stenver's or the semicircular canal; i = internal auditory meatus.
perorbital view may be used.

become obsolete as MRI is now available for exclusion of acoustic
Oblique posteroanterior (Stenver's) view In this view, the neuroma in all suspected cases.
whole length of the petrous bone is demonstrated by placing it
parallel to the X-ray film with the incident ray passing at right
angles to it. With the radiographic baseline horizontal, the sagit-
tal plane of the skull is rotated through 35 ° and tilted 15° away
from the side to be examined. The incident ray is inclined at an
angle of 12° cranially and is centred on a point 2 cm medial to
the tip of the mastoid process. A radiograph in Stenver's posi-
tion should demonstrate the petrous tip and internal auditory
meatus (IAM), the semicircular canals (superior and lateral), the
middle ear cleft, the mastoid antrum and the mastoid process
(Fig. 52.1).

Perorbital view This is the best view of the IAM if tomography
i s unavailable; it should be done in the postero-anterior position to
reduce radiation to the eyes. The orbitomeatal line is at right

angles to the film. The tube is angled 5-10° caudally, centring
between the orbits. The petrous pyramids and IAM are thus pro-
jected through the orbits (Fig. 52.2).

Coronal sections by CT to show the state of the bony outlines of
the IAMs as a screening test for acoustic neuroma have also



Sectional magnetic resonance pictures in the region of the skull
base are a valuable adjunct to CT, provided suitable scanning para-
meters are chosen to produce optimum signal strength and contrast
and to enable lesions to be distinguished from surrounding struc-
tures. Bone produces a negligible signal on MR scans, and so both
the bone of the petromastoid and the air in the middle ear cleft and
mastoid cell system appear as black areas, devoid of any of the
hone detail so well demonstrated by high-resolution CT. Thus, only
soft-tissue structures within the petrous temporal bone are imaged
and this can be an advantage for the demonstration of the cranial
nerves passim, through the skull base, as the nerve itself will be

Fig. 52.3 The sections for a routine axial CT examination of the temporal shown, and not the canal in which it lies.
bone shown on a sagittal scout view. In contrast to the absence of signal from compact bone,

T i - weighted images give an intense signal from yellow bone
of the cochlea. The plane is not strictly speaking a true axial but a marrow with its high fat content, especially in the petrous apex
plane at 30° to the radiographic baseline, which is the orbitomeatal (Fig. 52.8). Cerebrospinal fluid and the labyrinthine fluids have low
line drawn from the centre of the external meatus to the outer canthus signal intensity on T,-weighted spin-echo sequences and high
of the eye. This is to limit the radiation dose to the eye although signal on T,. Flowing blood gives no signal and thus blood vessels
some sections will pass through the orbit, the centre of the globe is not normally appear black.
i n the direct X-ray beam. The pictures are viewed on a wide window Formerly a standard investigation usually used T 1 - and
setting of 4000 HU using the hone algorithm. T,-weighted protocols. The T, images show better spatial resolu-

Sections in the axial plane start just below the external auditory lion. The T, images show poorer spatial resolution and take longer.
meatus and show the basal turn of cochlea and round window niche: but there is higher signal from water-containing soft tissues. Thus
midmodiolar sections show the individual coils of the cochlea and cysts are particularly well shown, but also tumours, as neoplasms
incudostapedial region; the section through the vestibule and loop of usually have a higher than normal water content.
the lateral semicircular canal, at right angles to each other. Sections at Contrast enhancement using the paramagnetic agent gadolinium
the level of the vestibule best show the IAM. The head of the malleus DTPA is used with a T, protocol and most tumours show a significant

and body and short process of incus are also shown at this level. The
three parts of the facial nerve canal can be identified, although the
base plane is least satisfactory for the descending portion, which is

seen in cross-section behind the middle ear cavity. The most important
cochlear and vestibular sections in axial and coronal planes are illus-
trated in Figure 52.4. Other important features in the axial plane are
the round window niche and the pyramid on the posterior wall of the
middle ear and the jugular fossa (Fig. 52.5).

Corona] sections (Fig. 52.6) begin at the level of the carotid canal
and curl of the central bony spiral of the cochlea; the malleus is
well shown at this level. Further hack the section at the level of the
vestibule shows the internal auditory meatus as well as the stapes
and oval window. Further back still, at the most prominent part of
the lateral semicircular canal, the pyramidal eminence is shown
between facial recess and sinus tympani. The descending facial

canal and jugular fossa are assessed and the examination finishes at
the posterior semicircular canal, although further sections may be
necessary to show the mastoid air cells.

Reformatted images
These can be obtained from multiple thin contiguous axial sections
(Fig. 52.7). Reformatted images can be made in any plane but the
quality is always inferior to a direct examination and depends on
two factors:

I . The number of sections and therefore the amount of raw data
available for the reconstruction process

2. Absolute immobility of the patient while these sections are
being obtained, although this is less of a problem with the new
very fast scanners.

Fig. 52.2 Perorbital view showing an electrode array in the basal
cochlear coil. There is extensive pneumatisation to the petrous apex.
v = vestibule; i = internal auditory meatus.
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Fig. 52.4 The four most important sections in the study of the petrous
temporal bone by CT: the cochlear and vestibular cuts in both coronal and
axial planes. (A) The position of these cuts is shown on a cast of the
l abyrinth of the inner ear viewed from the lateral aspect. (B) Axial plane.
(C) Coronal plane. The internal auditory meatus and oval window are well
shown in both planes.

Gadolinium-enhanced T,-weighted images of the labyrinthine
fluids in lahyrinthitis or of the intratemporal facial nerve in Bell's
palsy can also he shown (Fig. 52.11 ).

Angiography now has only a very limited place in the investigation
of lesions of the petrous temporal hone, as its traditional role for
vascular anomalies and tumours has been largely superseded by CT
and MR. The extent of glomus tumours is better shown by MRI,
although angiography may he required to show the detailed blood
supply of large tumours. Angiography is therefore used rarely as a

degree of enhancement: this became the definitive investigation for diagnostic procedure, but more as a preoperative assessment for
acoustic ncuromas. Now, however, the latest MR scanners using either glomus jugulare tumours, when it can he combined with therapeutic
spin-echo or gradient-echo 3DFT constructive interference in steady embolisation to reduce operative bleeding from large tumours.
state (CISS) can produce thin section T,-weighted images for the Aneurysms and vascular malformations obviously need selective
study of the inner ear and its central connections (Fig. 52.9). angiography for their full assessment, although they can be shown

The cranial nerves are demonstrated in the IAM and cerebello- i nitially by MRI. Likewise an aberrant carotid artcr,v should be
pontine angle against the high signal from cerebrospinal fluid and apparent on the CT examination, although confirmation by angio-
the fluids in the labyrinth of the inner ear (Fig. 52.10). graphy is almost always sought.



The role of magnetic resonance angiography (MRA) continues to
i ncrease and to supplant conventional angiography. The technique
i nvolves gradient-echo sequences to give flow-related enhancement Many congenital abnormalities of the hearing organ do not involve
which can demonstrate arterial abnormalities, such as aneurysms, bony structures and therefore cannot be shown by radiological
or lesions of the nervous system, such as sigmoid sinus thrombosis. methods. Nevertheless, structural abnormalities of the inner, middle
The most important single parameter for visualisation of the vascu- and external ear can he shown in considerable detail by tomo-
l ature in MRI is the flow velocity, as the demonstration of vessels graphic techniques. Unfortunately, affected children are usually
depends on selection of proper sequences which are predefined for referred between the ages of 2 and 4 when the deafness is first
i maging either fast- or slow-flowing blood (Fig. 52.12). Laminar confirmed, and sedation or a general anaesthetic is required for the
and turbulent flow continue to pose problems. examination. If, after careful consideration, it is felt that the results

Fig. 52.5 Six labelled
axial sections of the
petrous temporal bone.
Note that the oval
window is shown in the
same section as the
second part of the facial
nerve and the bodies of
malleus and incus and
above the section
showing the crura of the
stapes.
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Fig. 52.6 Six labelled coro
nal sections.

of the investigation arc unlikely to affect patient management, it complementary to the audiological assessment, and ideally evoked-

may he reasonable to defer the examination until the child can response audiometry may be done under the same sedation.

co-operate. In the neonatal period a few sections can usually be Congenital abnormalities of the middle and external ear are

obtained after a large feed, and this is recommended for those shown much more often than deformities of the inner car, although

i nfants with relevant external deformities or syndromes in which combined deformities occur in about 20% of cases. The study of

temporal hone abnormalities arc a feature. Plain films will also give the outer ear relates to the prospects for surgical intervention to

much information at this age before full ossification of the petrous i mprove the sound-conducting mechanism. and is mandatory before

pyramids takes place, but at a later stage are only really useful for any exploration of congenital atresia. Surgery is now, however,

showing the degree of pneumatisation. rarely performed for unilateral lesions. In fact the success of hone-

The purpose of imaging is to demonstrate firstly any bony abnor- anchored hearing aids has meant that only the most minor deformi-

mality of the inner ear and particularly of the cochlea. This is ties of the conducting mechanism now warrant surgical exploration.



The Michel (total aplasia) and Mondini deformities (Fig. 52.14) are
the two classically described inner ear lesions which can be shown
by imaging. A limited amount of hearing is possible with the
Mondini deformity because of the normal basal turn of the cochlea.
A most important deformity is that of a dysplastic and dilated
labyrinth or common cavity lesion, first described by Cock in 1838.
Although no hearing is possible with this deformity, there is a very
real risk of a spontaneous cerebrospinal fluid fistula developing via
the abnormal IAM and the oval window to the middle ear. There is
a risk of a `stapes gusher' with any dilatation of the vestibule. The
standard axial view is not the optimum one for showing the vestibu-
l ar aqueduct but nevertheless a large vestibular aqueduct. the com-
monest structural malformation of the inner ear, is easily recognised
on axial CT (Fig. 52.9). This anomaly may occur alone or with

Fig. 52.8 An axial MR section through the posterior cranial tossa at the
other deformities and characteristically is associated with progres-

level of the IAMB. The arrow points to the nerves in the IAM on this live and fluctuant deafness. However, it would seem more pertinent

T 1 - weighted protocol. Note the high signal from fat in the petrous apex. to show an enlarged endolymphatic sac in the vestibular aqueduct.

Fig. 52.9 (A) A similar section to that in Figure 52.8 but T 2 weighted
using a fast spin-echo sequence, giving greatly improved spatial resolution.
The open arrow points to the basilar artery, the small arrow to the spiral
ganglion of the cochlear nerve. (B) Tiny presumed acoustic neuroma on
the superior vestibular nerve (arrow) in another patient.

A discussion of the indications for imaging and the syndromes in
which it is likely to be useful is outside the scope of this book and
the reader is referred to Chapters 3 and 4 of Phelps and Lloyd's

Diagnostic Imaging of the Ear (1990). The following is a brief
account of some of the great variety of lesions which occur
and which defy adequate classification. The series of diagrams
(Figs 52.13, 52.15) depict some examples.

Fig. 52.7 An axial CT section showing a large vestibular aqueduct with a
l i ne depicting the plane of reformatting, enabling a measurement to be
made in the midportion of the descending limb (labelled 1 and measuring
2.0 mm in diameter).
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Fig. 52.10 (A,B) Sagittal
MR sections T2 - weighted
showing a grossly dilated
endolymphatic sac (asterisk)
in a typical case of Pendred's
syndrome. Note also the sac
i n place of the distal 1.5 coils
of the cochlea, i.e. a typical
Mondini deformity (arrow).

This can be done easily by MRI (Fig. 52.10). The relationship

between an enlarged duct and sac has not as yet been assessed but

does not seem to be constant. The normal endolymphatic sac is small

and can be seen in approximately 50% oh normal axial MR scans.

The second commonest anomaly of the labyrinth is a solitary

dysplastic lateral semicircular canal. On its own, this anomaly is not

very significant and may accompany normal cochlear function. The

IAM is very rarely absent with congenital deafness but it may be

Fig. 52.11 Axial T,-weighted image at the level of the IAMB but after
contrast enhancement. The arrow points to the second part of the facial nerve.

Fig. 52.12 (A) Coronal CT section showing high jugular fossa on one side with diverticulum. The arrow points to the thin bone separating the jugular
bulb from the hypotympanum of the middle ear. (B) MRA shows the large jugular bulb (arrow).



Fig. 52.14 Two basal CT sections showing a normal basal turn of cochlea (A) and distal sac (B), i.e. a true Mondini deformity. Some hearing was present
and the normal basal turn suggests no risk of fistula or meningitis.

narrow (when it must be assessed tomographically in two planes), associated deformity of the pinna there is good pneumatisation in a

wide, ballooned, tapered, double or run in an abnormal direction. normally formed mastoid and the middle ear cavity is of relatively

normal shape. Even in the most severe deformities there is rarely

Middle and external ear lesions complete absence of the middle car. In mandibulofacial dysostosis

The most important assessment is the state of the middle ear cavity. ( Trencher Collins syndrome) the mastoid is unpneurnatised and the
I n most unilateral atresias of the external auditory meatus with attic and antrum are typically absent or slit-like, being replaced in

Fig. 52.15 Congenital malformations of the middle and external ears,
based on coronal section tomograms. (A) Normal. (B) Sloping external
meatus. (C) Pneumatised atretic plate with ossicular mass fixed to it.
(D) Thin atretic plate. (E) Small middle ear cavity, spidery ossicles, and facial
nerve canal exits through the atretic plate (arrow). (F) Depressed tegmen
(arrow), lower part of middle ear only present, and anterior position of the
facial nerve (crossed arrow). (From Phelps et al 1977.)

Fig. 52.13 Line drawings based on axial CT sections of the types of
l abyrinthine deformity. (From Phelps & Stansbie 1993, with permission.)
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Fig. 52.16 Coronal CT section at the level of the
cochlea showing typical appearances of hemifacial micro-
somia on the left with depression of the floor of the
middle cranial fossa (open arrow), anterior descending
portion of the facial nerve (black arrow), and deformity of
the left temporomandibular joint.

varying degrees by solid bone. Descent of the tegmen to give a
gutter-shaped depression in the floor of the middle cranial fossa
(Fig. 52.15B) is typical of craniofacial microsomia (Fig. 47.16).
The ossicles may be deformed, hypoplastic, absent or malposi-

tioned. Malleus and incus are often represented by a fused mass,
which may be fixed to the atretic plate.

The course of the facial nerve should be demonstrated, as
the descending part is often more anteriorly situated than normal
(Fig. 52.17). Some of the middle ear abnormalities that may he
encountered are represented in Figure 52.15. Atresia of the external

auditory meatus is usually due to a bony plate in place of the
tympanic ring, but soft-tissue obstruction is also present.

Fig. 52.17 Bilateral metal atresia shown by two coronal CT sections.
There are small middle ear cavities, and some hypoplastic ossicles can be
i dentified (black arrow). The tegmen is depressed unilaterally and the
descending facial canal (white arrow) is at the level of the oval window.

The jugular fossa and intrapetrous carotid canal are well shown by
tomographic techniques. Very rarely an ectopic carotid artery, or
more commonly a large jugular bulb, may appear in the middle ear
and cause not only symptoms but problems in differential diagnosis
from glomus tumours (Fig. 52.18). Aberrant carotid in the middle aspect of the bony external auditory meatus and through the

ear becomes apparent on CT if comparison is made with the course tegmen, which forms the roof of the middle ear cavity (Fig. 52.19).

of the normal artery on the opposite side. Longitudinal fractures are associated with facial nerve injury in

There is great variation and asymmetry in the size of the normal 20%, of patients. Anterior longitudinal fractures tend to involve the

jugular bulb. It may project into the lower part of the middle ear horizontal portion of the facial nerve canal in the region of the

cavity, with or without a bony covering, but the outline of the lossa genicular ganglion. Posterior fractures may involve the vertical

will appear smooth, with an intact septum between the carotid canal portion of the canal or the posterior gems. In the transverse type the

and jugular foramen on axial CT. An excessively large jugular bulb fracture line runs at a right angle to the long axis of the petrous

may affect not only the middle ear, causing conductive deafness, bone, often passing across the labyrinth or IAM and producing

but also parts of the inner ear may be exposed to the bulb, espe- facial palsy and sensorineural deafness (Fig. 52.20).

cially if there is a `diverticulum' from the jugular fossa extending The radiological investigation should relate to and depend upon the

upon the medial side of the labyrinth. This may even reach the clinical picture. To demonstrate a fracture the X-ray beam must be in

superior surface of the petrous bone. or close to the plane of the fracture line. Thus, several projections in
different planes are necessary to show fractures of the temporal bone.

Trauma High-resolution CT will show more fractures than will plain films and

Fractures of the petrous temporal bone, ossicular dislocations and i s valuable for demonstrating more precisely the path and extent of the

foreign bodies can be demonstrated by radiological techniques. fracture. The examination may need to be performed in at least two
planes. However, thin sections in the base plane will show the major-

Fractures ity of fractures and such an examination can be made as a continu-

Although fractures of the petrous temporal hone follow no set ation of the standard brain scan if damage to the ear is suspected.

pattern, they are usually classified with reference to the axis of the
The fracture line in Ossicularpetrous pyramid as longitudinal and transverse. dislocations

the commoner longitudinal type is in the long axis of the petrous When a head injury is followed by conductive deafness, it is most

bone; typically, it extends from the squama across the posterior commonly due to a simple haemotympanum or to a traumatic rupture



Fig. 52.18 Two different but important vascular anomalies which can be
diagnosed on base CT sections, although further imaging in the coronal
plane is desirable. (A) Aberrant internal carotid artery (c) in the middle ear
(arrow). (B) Large jugular bulb (j), partially dehiscent, in the middle ear
cavity. Compare with the normal side in each case.

Fig. 52.20 (A) Transverse fracture of the pyramid passing through the
vestibule (arrow). Note the air in the cranial cavity and the CSF level in the
middle ear. (B) Plain Stenver's view showing the fracture line (arrow).

and separation of the incudomalleolar joint can he demonstrated by

axial and coronal high-resolution CT (Fig. 52.21 ). Loss of the normal

molar tooth' sign on sagittal reformatted CT is another important sign

of major ossicular displacement.

Acute mastoiditis i s the most common complication of acute otitis

media and results from the spread of the infective process beyond the

mucosal lining of the middle ear cleft into the underlying hone.

Because of the anatomical arrangement of the region this phenome-

non occurs primarily and predominantly in the mastoid air cell system

and produces clinical signs and symptoms accordingly. As with acute

otitis media, the diagnosis of acute mastoiditis is essentially a clinical

one, but radiology may provide supporting evidence. Radiologically,

t he dominant finding is breakdown of the cell wall trabeculations in

addition to the loss of translucence found in acute otitis media. The

i mproved resolution of the air, soft-tissue and hone boundaries in CT

makes interpretation of the precise state of the mastoid air cell system

easier but such an examination is very rarely justified (Fig. 52.22). If

Fig. 52.19 Longitudinal fracture of the petrous temporal bone with a
depressed fragment of squamous temporal. The fracture line runs along the
roof of the external meatus and middle ear with a small fragment of bone
i n the region of the genicular ganglion (white arrow). The fracture passed
through the sphenoid sinuses which are filled (asterisk). On the left side the
black arrow indicates the malleus in normal position; the incus was
displaced. Axial CT scan.

of the drum. However, if hearing loss remains after the drumhead has

healed then disruption of the ossicular chain must he suspected.

Unfortunately the commonest dislocation, namely of the incud-

ostapedial junction, is not always satisfactorily demonstrated by

tomographic methods. Displacement of the incus, rarely the mallcus,
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Fig. 52.21 Coronal CT scan showing
massive incus displacement following a road
traffic accident. The images of the ossicles
are completely separate and the incus is lying
i nverted in the attic (arrow).

there is extensive breakdown of the cell walls, the resultant abscess
cavity may be shown radiologically with irregular margins.

Two main types of chromic suppurutirc otitis media are recognised.
For the safe lubotvmpanic (vpe with central perforation radiology is of
very limited use. Atticoantral disease i s most likely to be due to the
acquired form of cholesteatoma, which because of its erosive nature
carries a significant risk of complications. Tuberculous otitis media
produces extensive ragged hone destruction. Adhesive otitis media or
Rvrnpanosclerosis produces calcified plaques as the end-result of sup-
purative ear disease. These may cause some confusion when demon-
strated by CT. If the suppurative process involves the labyrinth a 'dead
ear' resultsand granulation tissue within the labyrinth may ossify to
give so-called labyrintbitis obliterans (syn. labyrinthitis ossificans).
Usually CT shows that parts of the lumen of the bony labyrinth have
' disappeared' (Fig. 52.23) or been narrowed. Such cases with 'remcnr
tiered hearing' are good candidates for cochlear implantation but the
ossified cochlear makes insertion of the electrode array difficult or
i mpossible. Moreover CT is not always reliable for demonstrating tuc
obstruction and MRI is therefore necessary to confirm, by higher Fig. 52.22 Axial CT scan showing fluid in the mastoid cell system on the

signal on T,-weighted images, that the coils of the cochlea are fluid- l eft (arrow), with cell wall breakdown.

containing (Fig. 52.24). Differentiation from congenital malforma-
ti ons of the inner ear or advanced otosclerosis may he difficult. • Acquired cholesteatoma, associated with disorders of the middle

The intracranial complications of suppurative ear disease, parti- ear cleft and involving the attic, with or without preceding
cularly abscess in the temporal lobe or cerebellum, are most impor- i nfection.
tant and are now easily shown by CT brain scan. They are
considered in Chapter 55. Congenital cholesteatoma

Congenital cholesteatoma, which involves the middle ear cleft,
cannot certainly he differentiated from the acquired type, but the
middle ear may be normal clinically and radiologically, and the

The aetiology of the characteristic c idermoid cyst containing
cholesteatoma, usually in the petrous apex, produces a clearly defined

°Y
p

punched-out' area of hone destruction. It has been realised recently
keratin is not fully understood. Two types are recognised, although
they do not differ histologically.

that such a lesion is as likely to be a cholesterol eranulonur contain-
i ng golden or brown fluid as a cholestatoma. Differentiation is only

• Congenital cholesteatoma originating from ectodermal cell rests- important for the type of surgery required and can be made by MRI.
this may arise in any of the cranial hones, the petrous temporal Cholesterol granuloma gives a strong signal on all protocols
being the most commonly affected, or within the cranial cavity. ( Fig. 52.25). cholesteatoma only on L-weighted sequences, when it

can he difficult to distinguish from cerebrospinal fluid.



Fig. 52.23 Axial CT scan through the basal turn of the cochlea. On one

side a single channel cochlear implant has been inserted in the round
window (large arrow); on the other side there is labyrinthitis obliterans with
only the hook of the basal turn readily apparent (small arrow).

Fig. 52.24 Axial T 2 - weighted MR section of the inner ear in a patient for
cochlear implantation. The basal coil of the cochlea on the right shows high
signal from the medial part but low signal laterally, presumably due to
fibrosis (arrow) so insertion of the electrode was unsuccessful. The basal
turn on the left shows uniform high signal and was subsequently implanted
without difficulty.

The vast majority of acquired cholesteatomas arise in the pos-
terosuperior part of the middle ear. From here they extend into other
parts of the middle ear cleft, into the rest of the tympanic cavity,

Fig. 52.25 (A) Axial CT section showing an expansile lesion in the

petrous apex (asterisk). This was a presumed cholesterol granuloma follow-
i ng trauma. Note the good pneumatisation of the petrous apex on the
other side. (B) High signal on both T1 - and T 2 - weighted MR protocols

confirmed that this was a cholesterol granuloma.

and backward into the mastoid antrum and air cells. There is associ-
ated erosion of the wall of the cleft. Typically, there is a marginal
perforation in the posterior superior aspect of the eardrum.

Pneumatisation is usually poor or absent. CT in the coronal plane
is the optimum method for demonstrating small cholesteatomas in
the attic and antrum, and the presence of a soft-tissue mass in that
part of the middle ear cleft is characteristic (Fig. 52.26).
Unfortunately, attenuation measurements are not sufficiently accurate
to differentiate cholesteatoma from granulation tissue or other opaci-
ties. The detection of atticoantral bone erosion, in particular blunting
of the spur or outer attic wall, is more important. The ossicles may be
eroded or slightly displaced. Extension medially erodes the labyrinth,
the lateral semicircular canal usually being the first part affected,
although all cochlear function may not be lost in the early stages,
even when the cochlear capsule is itself eroded (Fig. 52.27).

The CT appearances of cholesteatoma, both congenital and
acquired, differ from those of the ragged inliltrative lesions produced
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Fig. 52.26 Coronal CT section at the level of the vestibule showing a
typical acquired cholesteatoma which has eroded both the outer attic wall
(arrow) and the apex of the lateral semicircular canal (open arrow) to give a
positive fistula sign clinically.

by other infective and neoplastic processes, which tend to affect the
labyrinth capsule only at a very late stage. Nevertheless it should be
stressed that the majority of cholesteatomas are diagnosed clinically
by inspection of an eardrum perforation. Exploratory surgery is nearly
always required when squ<unous epithelium is found in the middle ear
cavity. The radiological findings are unlikely to influence the type or
the course of the operation in straightforward cases, and CT should
therefore only he employed to assist the otologist with specific prob-
lems, for instance when a cholesteatoma is suspected although the
eardrum is intact, or where features such as sensorineural deafness
suggest a more extensive disease process.

Osteoma
A compact ostcoma appears as a well-defined, usually single although
occasionally lobulated, bony mass of high density (Fig. 52.28). It may
arise from any bony surface and will cause conductive deafness if it
blocks the external auditory meatus or middle ear.

Glomus tumours
The diagnosis of jugulotvmpanic glomus lunours, also called
chemodectomas or paragangliomas, can usually be made from the
otoscopic appearance of a red mass behind the lower part of the
eardrum. Less commonly these tumours arise as a haemorrhagic
poly in the external auditory meatus, as a mass in the ccrebellopon-

tine angle, or with lower cranial nerve signs. They should not he
biopsied; imaging is crucial for confirming the diagnosis and
assessing their situation and extent. Glomus bodies are situated in
the top of the jugular bulb and in the middle ear, thus a tumour in
the middle ear may he a glomus tympanicum confined to the tym-
panum or a jugulare tumour that has come up from below. This dif-
ferentiation cannot be made clinically but is of the utmost
i mportance to the surgeon.

Tvrnpanicum to noru•s can be removed by normal middle ear sur-
gical techniques but a jugulare mass needs an infratcmporal fossa
approach and special expertise. Radiotherapy may he the preferred
treatment for larger tumours, especially in the elderly. The most
i mportant feature of a glomus jugulare tumour on the initial radio-

Fig. 52.27 Coronal CT section showing an attic cholesteatoma which
has pushed the malleus (large arrow) against the lateral attic wall, but also
eroded around the labyrinth and into the top of the cochlea. The exposed
central spiral of the cochlea is shown. The asterisk marks the carotid canal.

graphs is erosion of the margins of the jugular foramen (Fig. 52.29),
and in particular the crest of hone between the jugular fossa and
the carotid canal. This is a far more important sign than enlarge-
ment as the two fossae are rarely symmetric and expansion may be
difficult to assess. The typical ragged erosion of the undersurface of
the petrous bone is better demonstrated by high-resolution CT.
Although contrast-enhanced CT gives a good demonstration of

intracranial extension of glomus tumours, we have not found it very
satisfactory in the middle ear or neck. We prefer MRI to demon-
strate the soft-tissue extent of the mass, both intracranially and
downward in the neck. Large tumours have a characteristic appear-

ance of serpiginous areas of signal void representing blood vessels.
Gadolinium enhancement helps further to delineate the limits of the

tumour (Fig. 52.30).
Glomus tympanicurn tumours arise within the middle ear cavity

and, although when large they are indistinguishable from glomus
jugulars tumours, they may nevertheless present with a mass behind

the eardrum when the turnout - i s confined to the hypotympanum.
The small soft-tissue mass on the promontory shown by coronal CT

( Fig. 52.31 A) is virtually diagnostic. The importance of showing an

i ntact floor to the middle ear to exclude a jugulare tumour is
stressed, but further confirmation is provided by the Gd-MR scan,
which shows a bright tumour in the middle car distinct from the

jugular bulb, represented as a large area of signal void so long as
the bulb is filled with flowing blood (Fig. 52.3113). Gd-MRI will
also show the relation of the tumour to the carotid artery and differ-
entiate tumour from the serous otitis which results from obstruc-
tion to the eustachian tube (Fig. 52 29B).

Angiography is no longer a mandatory or primary investigation
and is not required for small glomus tympanica or large tumours to
be treated by radiotherapy. However, the angiographic appearances
of large vascular spaces and dense tumour stain are characteristic
and may be needed to confirm the diagnosis. The role of angiogra-
phy is in preoperative assessment, combined with therapeutic
embolisation in selected areas. Angiography is also well suited to
assess multiple chemodectomas of the carotid body, glomus vagale



Fig. 52.29 (A) Base CT at the level of jugular fossa (j) and horizontal
carotid canal (a). On the right the crest of bone between them is apparent.
On the left this part of the jugular fossa is eroded by a glomus jugulare
tumour (arrow), which has also extended into the middle ear. (B) Base
Gd-MR scan at the same level, showing the tumour surrounding the carotid
artery and quite distinct from the fluid in the mastoid.

and jugulare types, which may occur together, although these can

usually be fully demonstrated by Gd-MRI or magnetic resonance

angiography (MRA). MRA and MR phlebography combined with

Fig. 52.30 Sagittal Gd-MR scan showing a large glomus jugulare tumour
and its upper and lower limits in the posterior cranial fossa and neck
(arrows). The black streaks representing blood vessels are characteristic.
Gadolinium enhancement, although giving improved differentiation in the
mastoid and cranial cavity, is not such an advantage in the neck, where
adjacent fat also gives a bright signal on a T 1 - weighted image. The open
arrow points to the IAM.

spin-echo MRI have been recommended for ruling out tumour in

patients with pulsatile tinnitus (Vogl et al 1994).

Neuromas
These tumours arise from Schwann cells which invest the cranial

nerves; they are therefore more correctly called schwannomas,

although the term neuroma is more widely used. The temporal bone

may be affected by tumours arising from the Vth, VIIth, Xlth or

Fig. 52.28 A small osteoma of the middle ear arising from the posterior aspect of the promontory close to the round window. (A) Coronal tomogram
shows the osteoma just below the incudostapedial joint. (B) Axial CT also shows the relation to the basal turn of the cochlea.
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Fig. 52.32 (A) Axial CT section through the IAM showing expansion of
the first part of the facial nerve canal (arrow). Note the calcification which
should have suggested that this was a haemangioma rather than a
neuroma. (B) Axial MR section, T 1 - weighted with gadolinium enhancement,
shows the mass (arrow).

and is also required in cases of NF2 (Figs 52.35, 52.36).
Gadolinium enhancement is also required for `follow-up' after
removal of an acoustic neuroma, either in total or partially
(Fig. 52.37). Enhanced CT is only used for those patients who for
various reasons are unable to he examined by MRI.

Meningiomas are the next most common tumours that occur in the
cerebcllopontine angle. Several differentiating features have been
described. Unlike neuromas, meningiomas often calcify. They tend
to have a broad attachment to the petrous ridge, which may show
characteristic hyperostosis. Intense contrast enhancement occurs
with Gd-MR (Fig. 52.38).

Fig. 52.31 (A) Coronal CT showing a small glomus tympanicum in the
lower middle ear cavity (arrow). J = jugular bulb. (B) An equivalent MR
section confirms that this is quite separate from flowing blood in the jugular
bulb (J). Note the confusing proximity of marrow fat (M).

Xllth cranial nerves. These are all very rare, except in patients with
neurofibromatosis type 2 (NF2). Marked gadolinium enhancement
of a mass in the course of the appropriate cranial nerve is the distin-
guishing feature (Fig. 52.32). However, Vlllth nerve tumours, are
the commonest tumours affecting the petrous pyramid: 80% arise
within the IAM (Fig. 52.33), usually from one of the vestibular
nerves. The less common tumours of extrameatal origin are consid-
ered in the differential diagnosis of masses in the posterior cranial
fossa in Chapter 57.

I maging investigation of acoustic neuromas
Despite a variety of clinical tests for acoustic tumour, a definitive
diagnosis can only he made by imaging. Bone Studies of the IAM
are obsolete and thin section T, MRI is the standard investigation
to demonstrate or exclude the presence of an acoustic neuroma
(Fig. 52.34). However, gadolinium is usually used to confirm by
enhancement that a mass in the cerebcllopontine angle is a neuroma

Carcinoma Carcinoma of the ear, arising in the external audi-
tory meatus, middle ear cleft or a mastoid cavity, is a rare but
distressing disease which is seldom diagnosed early. The prog-
nosis is very poor. Sclerosis of the mastoid and clouding of the
cells are radiological signs of little value but the presence of
ragged erosion, usually extensive or in an unusual site, suggests
neoplastic change. An important sign on the lateral mastoid
view of CT is erosion of the articular fossa of the lemporo-
mandibular joint. The hard avascular bone of the labyrinthine
capsule is relatively unaffected by carcinoma of the ear, and
erosion of the capsule with direct invasion of the inner ear is a
late radiological feature. There are two important modes of



Fig. 52.34 Large acoustic neuroma in the left cerebellopontine angle
(asterisk). (A) Fast spin-echo T Z axial section. (B) Equivalent T section after
gadolinium enhancement. Otosclerosis is a localised disease of unknown actiology in which

new bone replaces the endochondral bone of the otic capsule. The
spread of carcinoma of the middle ear. First, the tumour extends French term 'otospongiose' is better as it describes the active phase
anteriorly and penetrates the bony septum separating the middle of the disease characterised by rarefaction with which imaging is
ear cavity from the carotid artery. It then spreads around the mostly concerned. The otic capsule is the densest bone in the body
artery and extends down around the eustachian tube toward the and cannot become denser, therefore otosclerosis can only be

Fig. 52.35 Corona) Gd-MRI showing bilateral intrameatal acoustic neuro-
mas (small arrows) and a trigeminal neuroma (large arrow) in a patient with
neurofibromatosis (NF2).

postnasal space. Second the tumour may spread upward
through the tegmen tympani and backward through the mastoid
air cells (Fig. 52.39). Erosion of these thin bony structures may
be demonstrated by CT; the soft-tissue extension is best shown
by MRI with gadolinium.

Malignant otitis externa This term is rather confusingly applied
to a non-neoplastic condition-a severe infection of the external
auditory meatus occurring usually in elderly diabetics. Massive
bone destruction around the meatus and obliteration of soft-tissue
planes in the infratemporal fossa are best shown by high-
resolution CT but isotope studies assess the activity of the disease
process.

A mixture of bone destruction and sclerosis of the skull base may
be seen (Fig. 52.40).

Fig. 52.33 Diagrams based on coronal section
tomograms. (a) The nerves in the normal IAM passing
from brainstem to labyrinth; (b) intrameatal, (c)
extrameatal, and (d) large acoustic neuromas. V =
trigeminal nerve. (From Phelps & Lloyd 1983.)
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Fig. 52.36 (A) Axial FSE section showing a small acoustic neuroma in the right IAM just protruding into the cerebellopontine angle. Note the normal
nerves in the left IAM. (B) Equivalent coronal T, section after gadolinium enhancement.

Fig. 52.38 (A,B) Coronal T,-weighted MR with gadolinium enhancement
showing a meningioma of the posterior cranial fossa extending into the
IAM and jugular fossa as well as onto the superior surface of the petrous
pyramid and into the tentorium (arrows).

Fig. 52.37 (A) Axial Gd-MRI showing a large acoustic neuroma in the
cerebellopontine angle and medial part of the IAM. (B) The bulk of the
tumour has been removed but a small segment adherent to the facial nerve
has been left deliberately (arrow) to preserve facial nerve function and will
be monitored for growth on subsequent scans. Note the 'hole' in the
posterior cranial fossa.

detected by imaging when it is far advanced and blocks the oval

window or distorts the outline of the cochlear coils. Otospongiosis on

the other hand may be seen as patchy or ring rarefaction around the

cochlear coils or adjacent to the oval window. But lesser degrees of

rarefaction, not apparent to the naked eye, can be shown by densito-
t omy. We believe that densitometry should be done prior to any

metry (Fig. 52.41). Such an assessment is important to the differential
stapedectomy procedure, even if there is a favourable air-bone gap'.

diagnosis and if fluoride therapy is contemplated. We have found

cochlear otospongiosis to be much more common than is generally Fenestral otoscierosis This is harder to assess but thickening of

realised and consider it to be a relative contraindication to stapedec- the stapes footplate or even obliteration of the oval window can be



Fig. 52.40 Malignant otitis externa. Bone destruction in the region of
the mastoid (arrow) around the internal carotid artery (a) and temporo-
mandibular joint (T) as well as sclerosis of the basisphenoid (s) are shown
on this axial CT scan.

Fig. 52.41 Axial CT with densitometry, showing otospongiosis as a ring Fig. 52.43 Gross Paget's disease of the skull base which is encroaching
of rarefaction around the cochlear coils. The densitometry readings are upon the labyrinthine capsule on both sides. Only remnants of normal
mostly around 1200 HU. The normal range is 1800-2400 HU. capsular bone surround the membraneous laybrinth in the cochlea (arrow).

Fig. 52.42 Fibrous dysplasia, also affecting the right mandible, is nar-
rowing the right IAM and external meatus. Such expansion of abnormal
bone may lead to cholesteatoma formation behind the obstruction as here,
but unlike Paget's disease the otic capsule does not appear to be affected
by fibrous dysplasia.

shown by coronal section CT at 1 mm intervals. Such an exami-
nation can also be used to reveal complications after stapedec-
tomy, such as a prosthesis that is too long or has become
displaced. Otosclerosis affects only the labyrinthine capsule,
unlike widespread bone dysplasias which either affect the capsule

not at all, like fibrous dysplasia (Fig. 52.42), or at a late stage as
i n Paget's disease (Fig. 52.43). Both diseases can result in
encroachment of bone on the middle ear cavity and on the internal
and external auditory meatus. Congenital sclerosing bone dys-
plasias cause greatly increased density of the petrous pyramid but
this seems to be due to an abnormality of surrounding periosteal
bone and not a change in the labyrinthine capsule itself.

Demineralisation of both the otic capsule and the surrounding
bone is a feature of osteogenesis imperfecta, which radiologically
i s often indistinguishable from, and indeed may accompany, oto-
spongiosis. The increasing use of cochlear implants necessitates
good demonstrations of the cochlear coils and oval and round
windows. Complete or partial obliteration of these structures is
often due to severe, often undiagnosed, otosclerosis and labyrinthi-
tis obliterans. The latter condition may be the end-result of a
meningitic episode or infective labyrinthitis (Fig. 52.23).

Fig. 52.39 Ragged erosion of the right mastoid region by a carcinoma
shown on this axial CT section.
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The skull is a very complex structure, composed of more than 20
different hones. A thorough radiological survey of the skull to
demonstrate all anatomical features is impractical as a routine pro-
cedure, as it would require too many different projections and too
many films to be cost-effective. In the past, and when skull surveys
were more widely practised, it was considered a reasonable com-

promise to take four standard views of the skull. The four standard
projections are illustrated in Figure 53.1 and the resulting films are
illustrated in Figures 53.2-53.5.

The student should be familiar with these four standard projec-
tions, even though they arc no longer routinely practised, since they
illustrate so many important anatomical features, and, as will be
apparent later in this chapter, certain abnormalities may only be
shown in one projection.

The standard projections are:

I. The lateral vierr, taken as shown in Figure 53.1A with the
side of the suspected lesion against the film. The centring point is
over the pituitary fossa-I cm above the orbitomeatal line and
2.5 cm anterior to the external auditory mcatus with the head in the
true lateral position.

2. The PA view. This should be taken with the orbitomeatal line
vertical and the central ray tilted 20° caudally and centred on the
i nion in order to project the dense petrous hones clear of the orbits
(Fig. 53. I B).

3. The Towne's view obtained by tilting the central ray 30°
caudally and centring as shown in Figure 53. l C.

4. The basal view obtained by placing the patient's head in the
` hanging head' position with the anatomical baseline horizontal.
and centring vertical to it and between the angles of the mandible
(Fig. 53.1 D).

The decline in the routine use of the four standard projections

applies particularly to the investigation of suspected intracranial
tumours and followed the introduction of CT scanning in 1972. It
soon became clear that in the diagnosis of intracranial tumours CT
had an accuracy approaching 100% in confirming and localising a
lesion, and the tumour was also characterised in a high proportion
of cases. By contrast, the skull survey identified fewer than 50°7 of

patients with intracranial tumours and had an even poorer record in
localisation and characterisation. This led many workers to dispense
with routine skull surveys in the investigation of suspected cerebral
tumours. Where skull films are taken it is now standard practice to
take only a lateral fil m unless there is clinical evidence to suggest
that a lesion may be shown in other views. Several series have

demonstrated that the single lateral view is as likely to show a
lesion as a full skull survey in patients with no clinical evidence of

a localised lesion.
Although plain films of the skull are now relatively unimportant

i n the diagnosis of cerebral tumours and other cerebral lesions, they
remain essential in the investigation of lesions affecting the bony
skull, including fractures, bony tumours (both primary and sec-
ondary), and inflammatory lesions. In addition to the standard
views, many cases may require extra projections to define specific
anatomical landmarks.

The special views in general use include:

1. Optic foramen
2. Sinuses
3. Mastoids
4. Petrous bones
5. Coned pituitary fossa.

Fig. 53.1 The four standard skull proiections: (A) lateral; (B) PA;
( C) Towne's; (D) basal.



Fig. 53.2 (A) X-ray film of skull taken in standard lateral projection.
(B) Diagram to illustrate the standard lateral view. 1 = coronal suture;
2 = meningeal vascular marking, anterior branch; 3 = anterior border of
middle fossa; 4 = l ambdoid suture; 5 = dorsum sellae; 6 = clivus; 7 = lateral
sinus; 8 = squamoparietal suture; 9 = external auditory meatus.

The projections used for the optic foramina, sinuses, petrous
bones, and mastoids are described in detail in the appropriate chap-
ters devoted to these structures (Chs 51, 48, 52).

The optic canal In adults this appears in the standard oblique
optic foramen view as a ring shadow projected over the superolat-
eral part of the orbit (Fig. 53.6); in infants and children it is more
pear-shaped. The canal passes from the middle fossa (sulcus chi- Fig. 53.3 (A) X-ray film taken in standard AP projection. (B) Diagram to

asmaticus) to the back of the orbit and carries the optic nerve and illustrate (A) 1 - crista galli; 2 = lesser sphenoidal wing; 3 = zygomatico-
frontal suture; 4 superior orbital fissure; 5 nasal septum; 6 innominate

ophthalmic artery. It is 4-9 mm long and 4-6.5 mm in maximum li ne formed by inner wall of temporal fossa; 7 = superior margin of petrous
diameter as measured on the film. ridge; 8 = maxillary antrum.
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Fig. 53.4 (A) X-ray film taken in standard Towne's projection. (B) Diagram to illustrate (A) 1 = lateral sinus; 2 = foramen magnum; 3 = dorsum sellae; 4 =
i nternal auditory meatus; 5 = acuate eminence; 6 = superior semicircular canal; 7 = lambdoid suture.

Vascular markings The nteningeu/ markings are easily recog-
nised by their constant position and course, following the anterior
and posterior branches from the skull vault to the skull base and
foramen spinosum. They increase gradually in size from above
downwards, resembling the outline of a river and its tributaries on
a map (Figs 53.2, 53.10). The meningeal vascular markings arc
also easily identified on the internal surface of a dried skull.

The supraorbital and middle temporal arteries which lie on the
outer surface of the skull are occasionally associated with vascular
grooves which can be mistaken for fractures (Fig. 53.10).

The diploic vascular markings, on the other hand, are extremely
variable in size, number and position. They may be extremely
numerous or completely absent and are most prominent in the
parietal region. Characteristically their course seems random and
purposeless. They may run a short course, widening and narrow-
ing, or they may he star-shaped. Although easily seen on the skull
radiograph, they are not identifiable on the dried skull as they lie in
the diploc between the skull tables.

The pituitary fossa The normal pituitary fossa as shown in a
lateral skull film can vary considerably in size. A length of

I 1 -16 mm and a depth of 8-12 mm are regarded as within normal
li mits. However, the question of the upper limit of normal remains
largely subjective and few experienced workers rely on such
measurements to assess abnormal enlargement; as with all human
measurements, the upper limit of normal overlaps the pathological.

An unusually small pituitary fossa as seen in a lateral radiograph
has no particular significance, although a small sella is said to be a
common finding in nn•o lonia congenita.

A so-called `keyhole' optic foramen is encountered as a congeni-
tal anomaly in 4(/ of people and may be unilateral. Rarely, the
keyhole is divided into two separate foramina by a fine bony strut
('figure-8' foramen). In these cases the larger upper foramen carries
the optic nerve and the lower foramen the ophthalmic artery.

The inferolateral border of the optic canal is also a bony strut,
known as the ` optic strut', which separates it from the top of the
sphenoidal fissure. Both the optic strut and the anterior clinoid may
he pneumatised. further complicating the appearances. Large retro-
orbital aneurysms, usually involving the origin of the ophthalmic
artery, can produce a characteristic erosion of the optic strut.

The paranasal sinuses These are discussed in detail in Chapter
48. They are rudimentary at birth and increase in size with age,
reaching full development in the adult skull. There is a wide vari-
ation in adult size, particularly of the frontal sinuses, ranging
from the rudimentary to frontal sinuses reaching the lateral aspect
of the skull. Such large sinuses are a particular feature of
acrorneguly, and are of importance to the neurosurgeon as they
can be unintentionally perforated in frontal craniotomy if no
preliminary skull radiograph is taken.

The mastoids These are discussed in more detail in Chapter 52.
Like the sinuses they are absent or rudimentary at birth and reach
full development in the adult, where they can also vary greatly in
size and extent.

The petrous bones These are fully discussed in Chapter 52. The
i nternal auditory tneatus is well shown in the standard Towne's
view, or in the Stockholm C or transorbital views (Figs 53.7-53.9).



Fig. 53.5 (A) X-ray film taken in standard basal view. (B) Diagram to illustrate (A) 1 = greater sphenoidal wing; 2 = sphenoidal sinus;
3 = foramen ovale; 4 = foramen spinosum; 5 = foramen lacerum medium; 6 = foramen magnum; 7 = internal auditory meatus.

Fig. 53.7 Structures seen in oblique (Stockholm C) view of petrous bone.
a = internal auditory meatus; b = internal ear and semicircular canals;
c = mastoid air cells; d = temporomandibular joint.

Fig. 53.8 I nternal auditory meatuses as seen in the Towne's view.
a = dorsum sellae; b = internal auditory meatus; c = internal ear;
d = mastoid air cells.

Fig. 53.6 Structures seen in optic foramen view. a = optic foramen;
b = frontal sinuses; c = roof of orbit; d = ethmoid sinuses. See also Fig. 53.54.
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Fig. 53.12 Neonate skull. Note the wide fontanels and sutures.

from the similar changes seen in patients with chronic raised

intracranial pressure (see below).
The J-shaped sella (synonyms: 'omega-shaped', 'shoe-shaped' or

'hour-glass' sella) is an elongated sella with a shallow anterior con-
vexity (Fig. 53.1113) which represents an exaggeration of the
normal slight impression of the sulcus chiasmaticus. The latter is
rarely seen in films of an adult skull, but is sometimes well shown

i n those of children (about 5%,). This odd-shaped sella has also
been described in glioma of the optic chiasm, in children with 'gar-
goylism', and in those with chronic hydrocephalus.

The sutures These are readily recognised on films of the adult
skull and their serrated appearances are illustrated in Figures
53.2-53.5. The serrations visualised lie on the outer table: the
suture is linear on the inner table but this is not identified except
occasionally when the rays are vertical to the suture. The super-
imposition on the serrated suture should help to differentiate it
from a fracture.

In infants the sutures appear quite different and arc easily recog-
nisable as radiolucent linear bands running to and from the wide-
open fontanels (Fig. 53.12).

Skull vault The inner and outer tables of the vault are visible in
most projections, as is the diploe in between. Pacchionian impres-

sions are produced on the inner table by the pacchionian bodies
and appear as relative translucencies suggesting small bone
defects. Tangential views confirm that they are due to small
depressions on the inner table. They are most numerous in the
parasagittal region but may be seen in other sites, particularly
around the torcular, where they can simulate pathological bone
defects due to metastases.

Fig. 53.11 (A) Diagram of normal sella. a = anterior clinoids;
b = posterior clinoids; c = cortex or 'lamina dura' of dorsum and floor of
sella. (B) J-shaped sella. d = sulcus chiasmaticus.

The appearance of the dorsnrn sellae is of considerable impor-
tance. In a healthy young adult the dorsum has a well-defined bony
cortex outlining its anterior and posterior surfaces (Fig. 53.11 A).
Beneath the cortex the hone has a spongy texture and varies in
thickness. Occasionally the sphenoid sinus extends into the dorsum
(pneumatisation of the dorsum).

Loss of definition of the dorsuni sellae may occur as a normal
finding in the elder/• i n association with generalised osteoporosis,
and it is also seen commonly in association with prolonged hyper-
tension. In both cases it is important to distinguish such causes

I ntracranial calcification regarded as physiological can occur at
various sites. These are listed in Box 53.1.

Pineal calcification is rarely seen in radiographs of children's
skulls but is shown in most adult skulls, the percentage increasing

Fig. 53.10 Two vascular markings on the outer surface of the skull which
may resemble fractures and are due to: (1) the middle temporal artery;
(2) the supraorbital artery. The meningeal vascular markings are shown by
dotted lines. (After Schunk & Marayama 1960.)

Fig. 53.9 I nternal auditory meatus as seen in transorbital view.
a = internal auditory meatus; b = internal ear and semicircular canals;
c = frontal sinuses; d = ethmoid sinuses.
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with age. It usually occupies an area 3-5 mm in diameter but can be

more extensive (Fig. 53.13A).

The habenular commissure lies directly anterior to the pineal at

the back end of the third ventricle. It is frequently calcified but is

often mistaken for the pineal, although its characteristic shape

should readily distinguish it. The calcification is typically C-shaped

with the open part of the letter facing backward (Fig. 53.13B).

The choroid plexuses are frequently calcified, mainly in the

glomus as it lies in the region of the trigone. Calcification varies

from a few punctate dots to a larger dense calcification extending

over an area more than 1 cm in diameter (Fig. 53.14). The calcifica-

tion is usually bilateral and symmetric as seen in the Towne's view.

Dural calcification is common in the middle-aged and elderly

and is most easily recognised in the falx (Fig. 53.15) or tentorium.

1. Pineal

2. Habenula

3. Choroid plexuses

4. Dura (falx; tentorium; over vault)

5. Ligaments (petroclinoid and interclinoid)

6. Pacchionian bodies

7. Basal ganglia and dentate nuclei

8. Pituitary gland

9. Lens

Fig. 53.14 Calcified choroid plexuses. (A) Lateral view. (B) Towne's view.

Fig. 53.13 (A) Heavily calcified but normal pineal (arrow). (B) Calcification in the habenular commissure (arrow).



Fig. 53.16 Neonatal skull showing features of note. (A) Frontal view. 1 =
coronal suture; 2 = lambdoid suture; 3 = sagittal suture; 4 = metopic suture;
5 = anterior fontanel; 6 = posterior fontanel. (B) Lateral view. 1 = coronal
suture; 2 = lambdoid suture; 3 = mendosal suture; 4 = anterior fontanel; 5 =
posterior fontanel. (C) Towne's view. 1 = interparietal bone; 2 = supraoccip-
ital bone; 3 = exoccipital bone; 4 = foramen magnum; 5 = posterior
fontanel; 6 = mendosal suture; 7 = synchondrosis between supraoccipital
and exoccipital.

The neonate skull may appear elongated and sometimes shows
overlapping of cranial bones from the moulding during birth. These
appearances change to a more normal contour within a week or so.

It may also occur over the vault, when it is difficult to recognise
except in tangential views.

The petroclinoid ligaments are frequently calcified; this is identi-
fied in the lateral film as a linear calcification between the tip of the
dorsum and the petrous apex. The interclinoid ligaments may also
calcify, leading to so-called `bridging' of the sella.

Pacchionian bodies can calcify, although this may be difficult to
identify against the bony vault.

Pituitary calcification in normal patients has been recognised
histologically but is very rarely identified by simple radiology.

Basal ganglia and dentate nuclei calcification are discussed
below but often appear to be `idiopathic' with no demonstrable
pathological cause.

Lens calcification is recognisable in the elderly as a ring shadow
in the orbit. In lateral view it appears as a linear shadow, being seen
end-on.
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Skulls which appear abnormal in shape are conventionally
described using Greek terminology. Thus skulls that appear abnor-
mally long in relation to their transverse diameter are referred to as
dolichocephalic, while those that are broad in relation to their
length are termed brachycephalic.

In some patients a step-like deformity is seen at the back of the
skull where the occipital bone overlaps the parietals at the lambdoid
suture. This is termed bathrocephaly and should not be mistaken

for a traumatic lesion.

Craniosynostosis Most abnormalities of skull shape arc due to
premature fusion of skull sutures. While simple X-ray will usually
show the sutures involved, these are more clearly and elegantly
demonstrated by CT with 3D reconstruction.

Trigonocephaly (triangular head) is the term used for patients
whose frontal bones appear wedge-shaped anteriorly; this is
thought to be due to premature in utero fusion of the metopic
suture.

Scaphocephaly (boat-shaped skull-from the resemblance to the
upturned keel of a boat) refers to a narrow dolichocephalic skull
resulting from premature fusion of the sagittal suture. It is the com-
monest form of craniosynostosis and is commoner in boys than in
girls.

Plagiocephaly (oblique or slanting skull) describes a skull that is
markedly asymmetric due to unilateral premature fusion of the
lambdoid and coronal sutures.

Fig. 53.17 Oxycephaly due to premature fusion of the coronal sutures.
Note increased convolutional markings.

Microcephaly is associated with a generalised premature fusion
of all the skull sutures and the skull vault is abnormally small. The

brain is small and the subject is mentally handicapped.
Oxycephaly (pointed skull), acrocephaly (peak or summit skull)

and turricephaly (tower skull) are all terms used to describe the
brachycephalic skull which results from premature fusion of the
coronal and lambdoid sutures (Fig. 53.17). While many of these

cases merely present a bizarre appearance, in some there is com-
pression of the optic nerves, and others have been described with
VIIIth nerve lesions, mental handicap and other neurological
l esions. There is also a rare association with other anomalies, giving
rise to several syndromes.

Thus, there is an association with syndactyly known as Apert'.r syn-

drome or acrocephalosyndactyly (Fig. 53.18), and with polydactyly,

known as Carpenter's syndrome or acrocephalopolysyndactyly. The
latter is characterised by obesity and mental handicap as well as poly-

dactyly and mild soft-tissue syndactyly.
Crouzon',s disease (hereditary craniofacial dysostosis) is a form

of acrocephaly with hypoplasia of the facial hones, hypertelorism
and exophthalmos. Other features are a 'parrot-beak nose', prog-

nathism with a short upper lip, choanal atresia and a high arched
palate. There is also cor pulmonale and mental handicap.

Many operations have been used for the treatment of cran-

i ostenosis and it was hoped that preventing premature fusion of the
sutures would also prevent mental handicap and neurological
defects. However, it is probable that maldevelopment of the brain in
microcephaly is primary rather than secondary to the skull lesions.

It is therefore unlikely that operations for microcephaly can have
any but cosmetic value, although they may prevent nerve compres-
sion in oxycephaly. Mere excision of the sutures is insufficient to
prevent fusion, which rapidly recurs unless the bone surfaces are
separated by interposing such material as tantalum foil. Operation

I n the lateral view the vault is thin, with no differentiation into inner
and outer tables, and no vascular markings or convolutional impres-
sions to be seen. The sutures appear as translucent hands and the
fontanels are widely open. Within the suture lines, wormian bones
are occasionally seen, although these unite with the vault as growth
proceeds. The anterior and middle fossae are short and slope
downward more than in the adult. These features are illustrated in
Figures 53.12 and 53.16.

In premature infants the skin may be very lax and form folds
which can produce linear shadows on the skull film. It is important
to recognise their true nature and not mistake them for fractures.

The size of the sutures varies widely at birth and they can be
from 1.5 to 10 mm wide. The wider sutures narrow rapidly and
most are below 3 mm within a few months. The spheno-occipital

suture is readily visible at birth and there is also a synchondrosis
just behind the foramen magnum, dividing the occipital bone into
upper and lower portions known as the supraoccipital and exoccipi-
tal regions, respectively (Fig. 53.16C). At this stage the occipital
bone also shows an oblique suture (the mendosal suture) passing
upward and medially from its lower part on each side, and this
should not be confused with a fracture.

The rnetopic suture of the frontal bone is also evident at birth and
begins to disappear from about the ninth month. It usually fuses by
the end of the second year, although occasionally it persists into

adult life.
The posterior fontanel closes at 3-6 months, while the larger

anterior fontanel closes at 15-18 months. In children with hydro-
cephalus the fontanels remain open longer, providing a useful
window for ultrasound examinations.
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hydrocephalus. These children have a high mortality, but the
markings diminish rapidly after birth and if the child survives

they disappear by 4-6 months.

Cranial meningocele and encephalocele These are commonest

in the occipital and frontal regions, although they can occur else-
where over the vault and also in the skull base. Diagnosis is usually
clinically obvious, but can be more difficult with small lesions, par-
ticularly if lateral or basal. A hone defect beneath a scalp swelling
should always raise the possibility of encephalocele.

Basal encephalocele usually presents in infants with nasal
obstruction, although some cases are not diagnosed until adult life.
It is vital that the nasopharyngeal mass should he correctly diag-

nosed. as surgical intervention could prove disastrous. Clinically,
hypertelorism may be noted and raise suspicion. A basal view of the
skull may show a defect in the sphenoid or sphenoethmoid region
but CT or MRI will be necessary to define the full anatomy.

Platybasia This term is used for flattening of the base of the
skull. The basal angle is a measurement widely used in compara-
tive anatomy. and is defined as the angle between the plane of the
clivus and the floor of the anterior fossa. In humans this is nor-
mally between 125° and 142°, while in other primates it mea-

sures over 150°. Platybasia may be symptomless and of no
pathological significance. The term is sometimes used rather
l oosely to include basilar impression and basilar invagination,
conditions with which it is usually, but not invariably, associated.

Basilar impression This indicates an elevation of the floor of the
posterior fossa which occurs as a congenital anomaly, often in

association with such lesions as atlanto-occipital fusion or
Klippel-Feil syndrome. The foramen magnum may also be abnor-

mal in size and shape. Basilar imagination is similar in appear-
ance but is an acquired condition resulting from diseases causing
bone softening. The commonest cause in the UK is Paget's
disease but the condition also results from rickets, osteomalacia,
scurvy and, rarely, from hyperparathyroidism. It may also be seen

i n such congenital bone dystrophies as fragilitas ossium and

cleidocranial dysostosis.
The main significance of platybasia and basilar invagination,

which are usually symptomless, is in the neurological symptoms

that may sometimes result from pressure on and distortion of the
b:ainstem and obstruction of free cerebrospinal fluid circulation.
Tonsillar herniation may also be associated with atlanto-occipital
fusion or Klippel-Feil syndrome.

Various lines and measurements have been used in the past for
assessing platybasia and basilar impression on simple skull films.
The basal angle has been described above, and can he easily mea-

sured on a lateral film. Chamberlain's line is drawn from the back
of the hard palate to the posterior lip of the foramen magnum, and
suggests platybasia when more than half the odontoid peg lies
above it (Fig. 53.20A). A more reliable method is AP tonwgraphv

i n the plane of the petrous bones and occipital condyles. The
atlanto-occipital joints normally lie below the level of the digastric
grooves, but are elevated in basilar impression (Fig. 53.20B).
Where neurological symptoms are present, further investigation
will be required by CT with sagittal reformat, or by MRI, to show
the bony relationships to the brainstem and tonsils (see Ch. 57).

Cleidocranial dvsostosis i s fully described in the skeletal section

( Ch. 35) and only the skull features will he mentioned here. These

i nclude persistence of the metopic suture and anterior fontanel andFig. 53.19 Lacunar skull in an infant. Note the wide sutures.

Fig. 53.18 Hand of the same patient as Fig. 53.1 7, showing syndactyly.
The combination of oxycephaly and syndactyly comprises Apert's
syndrome.

i s performed as early as possible because of rapid brain growth, and
before 6 weeks where two or more sutures are involved. After 9
months even cosmetic results are poor.

Laeunar skull This condition is characterised by groups of round,
oval or finger-shaped pits on the inner surface of the infant skull
vault. They are separated by ridges of bone and appear in fetal
life on the thickest parts of the parietal, frontal and occipital
bones in the skull vault (Fig. 53.19). There are usually associated
anomalies of the central nervous system, the commonest being
myelomeningocele and encephalocele, and there may also be
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Raised intracranial pressure can produce diagnostic changes in the
simple film of the skull and these are described below. However,
with the advent of CT and MRI these have become of relatively
little diagnostic importance, although it remains important for the
radiologist to recognise the significance of such changes when they
are encountered as chance findings.

The radiological signs of raised intracranial pressure are:

I. Suture diastasis
2. Sellar erosion
3. Pineal displacement
4. Increased convolutional marking.

It is important to realise that the signs seen in infants and chil-
dren are quite different from those seen in adults because once the
sutures are united they cannot be affected by raised pressure.

Infants and children I n infants and children suture diastasis is
the first and most prominent result of raised intracranial pressure,
and the younger the child the more marked is the sign. The
coronal and sagittal sutures are most markedly affected
( Fig. 53.21). Neonates and young infants may also show un-
usually thin skull vaults in addition to suture diastasis and large

heads. They may also show craniolacunae (Fig. 53.19) when the
raised pressure is associated with meningocele.

Older children and adolescents with chronic raised intracranial
pressure have sutures which, although not obviously splayed,
appear abnormal with excessive interdigitations, and the central part
of the anterior fossa (cribrifornm plate) may be displaced downward

i n the lateral film.
Suture diastasis, the first and most important sign in small chil-

dren, may be the only sign of raised pressure. Sellar erosion may

occur but is a late sign and implies longstanding chronic pressure.
I n children under 10, sellar erosion without suture diastasis is likely

to be due to a local erosive lesion rather than raised pressure. Above
this age cellar changes are more likely to be due to raised pressure.

Increased cornuolutional markings, sometimes referred to as the

` copper-beaten' appearance, have often been attributed to raised
i ntracranial pressure in the past. However, such an appearance is
not necessarily pathological and is often seen in the skull films of
normal children, particularly between the ages of 4 and 10 years.

Conversely, severe chronic raised pressure may be present with no
visible changes in the skull vault. Further, marked convolutional

marking may be seen in children without raised intracranial pres-
sure, e.g. in craniostenosis. The sign therefore has little diagnostic
value.

Adults Erosion of the dorsum se/tae i s the cardinal sign of
raised intracranial pressure in adults, and suture diastasis is not
seen because the sutures are now united. Erosion commences as
slight porosis of the anterior cortex of the dorsum and of the
sellar floor cortex, best seen in a lateral film, It progresses to
l oss of definition of the cortex (also termed the lamina dura) and
eventually to frank erosion (Figs 53.22. 53.23). The sellar
porosis of raised intracranial pressure has to be distinguished
from similar changes which may be seen in osteoporosis in
elderly patients and in patients with chronic hypertension. Frank

erosion may also result from local masses and destructive

l esions; these include pituitary tumours, craniopharyngiomas,
chordomas and meningiomas.

Fig. 53.20 (A) Chamberlain's line (arrow). (B) Normal relationship
between digastric grooves and atlanto-occipital joint. The distance between
the arrowheads normally measures 1.1 cm (± 0.4 cm).

failure of fusion of the lower lambdoid sutures. Multiple wormian
bones are usually visible at the open fontanels and sutures, and
platybasia is frequently seen (see Fig. 35.32B).

Fragilitas ossium is also described above (see Fig. 35.37). In
the neonate the skull is poorly mineralised, with irregular thinning
and multiple wormian hones along the sutures.

Hvpophosphatasia (Ch. 42) also results in defective ossification
of the infant skull, leading to abnormally wide sutures with irregu-

l ar margins. At a later stage premature suture fusion may occur.

Congenital parietal foramina Symmetric bilateral large
parasagittal rounded or ovoid defects are present in the posterior
parietal regions. These are symptomless and are seen as chance
findings in a skull film taken for some other reason. The condition
may be familial.

Sinus pericranii This condition, due to a small emissary vein,
causes a small midline defect in the frontal bone which the vein
traverses. The subcutaneous vein can be distended by raising the
venous pressure or by placing the forehead in the dependent

position.

Hypertelorism This is a condition in which the orbits are more
widely separated than normal. It may occur as an isolated
anomaly or in association with other anomalies ( Creig's
syndrome). Of radiological interest among these are syndactyly,
failure of segmentation of the sternum, Sprengel's shoulder,
congenital heart disease, dental abnormalities and renal hypo-
plasia, all of which have been recorded in varying combinations
i n different cases. Mental handicap is usually present and there
may be soft-tissue anomalies, including muscular hypotonia, neck
webbing and macroglossia.

Well-developed ethmoid cells occupy the gap between the orbits
and there is usually a persistent metopic suture.

Secondary hvpertelorism may result from a frontal encephalocele
or mucocele of the ethmoids, while other cases may result from
bone lesions such as fibrous dysplasia, or he associated with
cleidocranial dysostosis and osteogenesis imperfecta; the condition
can also occur with craniosynostosis.
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Fig. 53.21 (A) Lateral and (B) PA films of child with raised intracranial pressure and marked suture diastasis involving the coronal and sagittal sutures.

Fig. 53.22 Diagram of the sellar changes in raised intracranial pressure in Fig. 53.23 Advanced changes due to chronic raised pressure. The
the adult. (a-f) show progressive changes from slight (b) to gross (f). dorsum sellae has become ill defined. The anterior clinoids are also affected

and the floor of the sella is indistinct.

In adults, pineal displacement is another important sign, but it is
of little use in childhood as the pineal is rarely calcified in infants

The plain skull film may also show localising evidence of the pres-
and small children. The normal pineal lies within 3 mm of the

ence of a cerebral tumour. In some cases this may demonstrate not
midline in standard PA and Towne's views of the skull, and lateral

only the site of the tumour, but also its pathological nature. The
displacement greater than this is strong presumptive evidence of a

radiological signs may be grouped under the following headings:
mass lesion displacing the pineal away from the affected hemi-
sphere (Fig. 53.24). With large supratentorial masses, displacement I. Intracranial calcification
of the pineal may also he observed in the lateral skull film, the dis- 2. Skull erosion
placement being downward and backward. Very rarely, a mass 3. Hyperostosis
behind the pineal (usually a tentorial apex meningioma) will dis- 4. Abnormal vascular markings
place it downward and forward. 5. Pineal displacement.



Fig. 53.25 Mottled calcification in a slow-growing frontal glioma.

Fig. 53.26 Sinuous calcification in a frontal glioma. Note the evidence of
raised pressure in the sella, which shows loss of definition of its surrounding
cortex (arrowhead).

films in a little over 5%; of these. Naturally it is the slow-growing
and less malignant tumours that are most likely to calcify, whereas
the highly malignant tumours rarely show calcification. The rare
oligodendroglioma is said to calcify in 50% of cases, and posterior
fossa gliomas calcify in some 20% of cases. Oligodendrogliomas
were thought at one time to show characteristic serpiginous calcifi-

cation, but little reliance can be placed on the type of calcification
as this is not specific, and any type of glioma can show any type of
calcification. This may vary from a few punctate dots to a large cal-
cified nodule, or linear streaks to hazy amorphous calcification
(Figs 53.25-53.27).

Craniopharvngiornas, which present mainly in children, show
calcification in over 75% of cases; this may vary from a few punc-
tate dots to a densely calcified mass (Figs 53.28, 53.29).
Occasionally, when the tumour is cystic, curvilinear calcification

Normal or physiological intracranial calcification has already been
described. Pathological intracranial calcification may be classified
as in Box 53.2.

1. Tumours
Calcification occurs in many cerebral tumours. Gliomas are the
commonest cerebral tumour, and calcification is visible on skull

Pineal displacement has been discussed above. The other radio-
l ogical signs and their differential diagnosis are described below.

Fig. 53.24 Displacement of the calcified pineal
by a right hemisphere tumour. The displacement
measures 5 mm on the original fil m.
T = midpoint; .f = pineal.
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Fig. 53.27 Hazy amorphous calcification in a glioma of the occipital

lobe.

may be seen in the cyst wall (Fig. 53.30). The characteristic feature
i s the position of the calcification midline and just above the sella.
Although predominantly presenting in children, the tumours are
occasionally seen in adults. Diagnosis is then more difficult, as cal-
cification is less frequent in adults. A helpful point is the shape of
the sella, which is sometimes bent forward as if pressed down from
above. Occasionally these turnouts with their calcification are
i ntrasellar, or partially so (Figs 53.29, 53.30).

Meningiomas show calcification on plain film in about 10% of
cases. The calcification may he characteristically ball-like and
amorphous, and in a characteristic parasagittal or other typical
meningioma site (Fig. 53.31). Even when calcification is less
typical (and it may be speckled or nodular), other radiological signs
may suggest meningioma. These include bony hyperostosis where
the tumour is involving the vault or sphenoid ridge, and increased

Fig. 53.28 I rregular calcification in a craniopharyngioma (arrowheads).

Note the bowed shape of the dorsum sellae.

meningcal vascular markings leading up to the site of attachment
(Fig. 53.32).

Dermoids are commonest in the posterior fossa or near the base
of the skull. They may show arcs of calcification similar to those
seen in the wall of an aneurysm (Fig. 53.33). Posterior fossa der-
moids may also be associated with a characteristic small central
defect in the occipital bone.

Epidermoids are much less likely to calcify but may occasionally
show small arc calcifications, which can he multiple.

Te ralomas are found mainly in the pineal and suprasellar regions

i n children. They frequently contain calcification, and, rarely, the

1. Neoplasms
Craniopharyngioma

Glioma

Meningioma

Ependymoma

Papilloma of the choroid plexus

Pinealoma

Chordoma

Dermoid, epidermoid, and teratoma

Hamartoma

Lipoma

Pituitary adenoma (rarely)

Metastasis (rarely)

2. Vascular
Atheroma

Aneurysm

Angioma

Subdural haematoma

Intracranial haematoma

3. Infections and infestations
Toxoplasmosis

Cytomegalic inclusion body disease

Herpes

Rubella

Tuberculosis

Pyogenic abscess

Cysticercosis

Hydatid cyst

Porogonimus abscesses

Trichinosis

Torulosis

Coccidioides

4. Metabolic and miscellaneous
I diopathic basal ganglia calcification

Hypoparathyroidism

Pseudohypoparathyroidism
Tuberous sclerosis

Sturge-Weber syndrome
Neurofibromatosis

Lissencephaly
Fahr syndrome

Cockayne syndrome
X-radiation and methotrexate

Haemodialysis

Lead poisoning

CO poisoning



Fig. 53.30 Calcified craniopharyngioma. The calcification in the upper
part appears to be outlining a cyst (arrowhead) and the tumour is actually
encroaching on the sella.

recognition of a dental element may establish the diagnosis on the
plain film.

Fig. 53.31 (A,B) Heavily calcified parasagittal meningioma. The site and
type of calcification, which outlines the whole tumour, are characteristic.

Pineal tumours other than teratomas can also calcify. If calcifica-
tion in the pineal area is abnormal in extent, particularly in a child,
it should raise suspicion of neoplasm.

Ependvmoinas occur mainly in the posterior fossa in children
but can be seen in the supratentorial compartment, particularly
in adults. Calcification is unusual but can occur and he quite
dense.

Choroid plexus papillomas also occur mainly in children and
show some calcification in one case in four. The characteristic site
i n the lateral or fourth ventricle may suggest the diagnosis, and the
presence of calcification would help to differentiate from medul-
l oblastoma, as the latter is unlikely to calcify.

Lipomas usually occur in relation to the corpus callosum, and a
large lesion may show a highly characteristic marginal calcification

Fig. 53.29 Heavily calcified craniopharyngioma growing upward and
forward from the sella.
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Fig. 53.34 Lipoma of corpus callosum, showing 'bracket' calcification.

Fig. 53.32 Calcified meningioma. Calcification is less typical but again
the site, with the base of the tumour against the vault in the parasagittal
region, is characteristic. The presence of a local hyperostosis and promi-
nent frontal vascular markings also help to confirm the diagnosis.

Fig. 53.33 Calcified dermoid in the posterior fossa. Note ring calcifica-
tion (arrowheads).

(`bracket sign' Fig. 53.34). Less specific calcification may also be
seen.

Chordornas show irregular calcification in a minority of cases
(Fig. 53.35). They usually grow from the clivus, and other radiological
features such as a soft-tissue mass projecting into the nasopharynx, or
basal erosion, may help to suggest the diagnosis.

Pituitary tumours sometimes contain small areas of calcification
but only rarely can these he recognised radiologically.

Metastases i n the brain have been recorded with radiologically
demonstrable calcification, but this is so rare as to be a curiosity. It
occurred in only two patients out of one series of 136 patients.

2. Vascular lesions
Aneurysms When they have been present for a long period
aneurysms may show characteristic arc-like or circular marginal
calcification. Most occur in the region of the circle of Willis, and
a linear ring or arc of calcification in this region should always
suggest an aneurysm. Although most are small (under 1 cm in

Fig. 53.35 Calcification (arrowhead) in a chordoma growing from the
clivus.

diameter), it is important to realise that some can be very large
(Fig. 53.36) and mere size does not necessarily imply an alterna-
tive diagnosis of such lesions as craniopharyngioma cyst or
dermoid. Occasionally calcification in seen in the margins of
fusiform carotid siphon or basilar aneurysms.

Intracranial aneurysms are common lesions but calcification is
rare (less than I %), and the vast majority present with subarach-
noid haemorrhage and are uncalcified.

Angioma These are also common intracranial lesions and a
small proportion can show diagnostic calcification. This consists
of scattered flecks of calcium associated with the presence of



Fig. 53.37 Multiple flecks and specks of calcification in an angiomatous
malformation (arrow).

Fig. 53.38 Flecks of calcification associated with a calcified ring shauow
i n an angioma (arrowheads).

more distal int acranial vessels is unusual and is difficult to
recognise against the bony skull. Atheromatous calcification may also
be recognised at the carotid bifurcation in the neck.

3. Infections and infestations
Tubereuloma Calcification recognisable on plain films is rare
and is only likely to be seen in patients successfully treated for
tuberculous meningitis. Such patients may show characteristic
small nodules in the healed basal exudate at the base of the
brain (Fig. _53.41), and occasionally in an intracerebral lesion.

Toxoplasmosis Most human infestation with the protozoan is
derived from cats. Healthy adults may be symptomless carriers
but unfortunately a pregnant carrier can infect the fetus in utero.
Such fetal infections involve the brain and result in widespread
granulomas with calcification, severe brain atrophy with ventricu-
l ar dilatation, and bilateral choroidoretinitis. The calcification in
congenital toxoplasmosis is characteristic, consisting of multiple
scattered flecks in the cortex and linear streaks in the basal
ganglia (Fig. 53.42).

Fig. 53.36 Large calcified aneurysm of the anterior communicating
artery (arrowheads). The lesion i s unusually large, but the marginal
calcification is typical. Most calcified aneurysms are under 1 cm in diameter.
(A) Lateral view. (B) PA view.

one or more ring or arc shadows. The latter are in the walls of
aneurysmal dilatations of vessels on the venous side of the
angioma (Figs 53.37, 53.38).

Chronic subdural haematoma This occasionally shows calcifi-
cation in the membrane and is recognised by its characteristic
position in relation to the skull vault (Fig. 53.39).

Intracerebral haematomas These can develop irregular calcifi-
cation but this has no diagnostic features.

Atheroma Linear flecks are common in atheromatous carotid
siphons and can be quite extensive (Fig. 53.40). Calcification in
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Fig. 53.41 Calcified basal exudate above the sella in a patient with
healed tuberculous meningitis (arrowheads).

Fig. 53.39 Calcification in the margins of chronic bilateral subdural
haematomas (arrowheads).

Fig. 53.42 Toxoplasmosis. Note characteristic multiple flecks of
calcification.

America, South Africa, India and parts of Asia. When cysts develop

i n human tissues. the muscle masses are mainly affected and the

calcified cysts present a diagnostic picture (see Fig. 45.59). Brain
i nfestation is less common but can also produce a characteristic
picture of scattered calcified nodules (Fig. 53.43). These, however,
are unlike the oat-shaped calcified muscle cysts, as only the scolex
calcifies, and they appear as small (2-3 mm) calcified nodules.

Paragonimus westermani This fluke or trematode infection
acquired from crabs or crayfish is endemic in the Far East. and
most recorded cases are from Korea and China. Brain lesions
are usually in the parietal region and can give rise to extensive
soap-bubble' calcification in cysts measuring up to 3 or 4 cm in

diameter.

4. Metabolic and miscellaneous
Basal ganglia calcification This may he observed as a chance

finding on the radiograph of an adult skull. Typically this is bilat-
eral and symmetric and commences in the region of the head of
the caudate nucleus. The glohus pallidus, putamen and lateral part

Fig. 53.40 Unusually heavy calcification outlining the whole of the
carotid siphon and shown to be bilateral in the frontal projection.

lmmunocompromised patients, particularly those with AIDS.
may also develop cerebral toxoplasmosis, but this acute form is not
associated with calcification (Ch. 58).

Cytomegalovirus ( CMV) Large and characteristic intranucleic
i nclusions ('owl's eyes') are produced in the salivary glands and
other organs by this virus, which is a member of the herpes group.
It is estimated that about 1200 infants a year are born in the UK
with congenital CMV infection and that about 200 a year suffer
major detects, although the carrier mother is symptom less.

There may be severe intrauterine brain infection, often with
microcephaly, and a characteristic widespread periventricular calci-
fication nay outline the dilated ventricles. The calcification is stip-
pled, bilateral and symmetric, and there is usually microcephaly.
Typical cells are found in the urine.

Cysticercosis This is due to human autoinfestation with the tape-
worm Meniu .solium or is acquired by ingesting infected food or
drink. The disease is endemic in Mexico. Central and South



Fig. 53.43 Cysticercosis. There are multiple small calcified lesions
2-3 mm in diameter (arrowheads).

of the thalamus are also involved. The dentate nuclei in the post-
erior fossa can also he affected, with or without supratentorial
calcification. The latter is hazy and amorphous or punctate in type
( Fig. 53.44), and is due to the deposition of tiny pericapillary
calcospherites plus calcification in the walls of tiny arteries and
veins. For obvious reasons the calcification is more readily
detected at CT (Ch. 58).

Most cases are prima/ - v or idiopathic and the condition is related
to age.

Secondary cases are less common and most of these arc due to
/wpopcrraihvroidism, either spontaneous or following thyroidec-
tomy. The condition may also occur in pseudohvpoparathvruidism
( Albright's syndrome).

A familial type in which several members of the same family
showed calcification at a relatively young age has also been
described, but is much rarer.

Other rare causes include Fahr's syndrome, Cockayne's syn-
drome, lead and carbon monoxide poisoning, and X-radiation with
methotrexate therapy. These rarer causes may also show associated
subcortical calcifications.

Congenitaif toxoplasmosis, as noted above, may also show calci-

fication in the basal ganglia, but this is characteristically linear and
associated with flaky subcortical calcifications.

Hyperparathyroidism Scattered metastatic calcification in the
brain has been recorded but is extremely rare. More common is
extensive calcification in the flax and tentorium in patients with
chronic renal failure and on long-term haemodialysis.

Neurofibromatosis Extensive calcification of the choroid
plexuses of the third and lateral ventricles has been described as a
rare accompaniment of neurofibromatosis.

Tuberous sclerosis I n this condition the multiple areas of dysplasia
i n the brain may contain calcifications. On the plain film these
appear as scattered discrete nodules of varying size (Fig. 53.45).

Sturge-Weber syndrome The characteristic radiographic finding
i s occipital cortical calcification described as 'tramline'. The
parallel lines represent the sulci seen end-on, as the calcification
lies in the atrophic cortex. Typically the calcification is unilateral

Fig. 53.44 Heavy calcification in the basal ganglia and dentate nuclei.
(A) Lateral view. (B) Towne's view.

and occipital (Fig. 53.46), although in occasional severe cases it
may be bilateral and more extensive.

Lissencephaly I nfants born with this rare anomaly have been
described as showing a characteristic small (3 mm) calcified
nodule in the septum pellucidum and just behind the foramen of
Monro.

Meningioma This is the commonest cause of pathological vascu-

l ar markings in the skull vault (Fig. 53.47). These tumours derive
part of their blood supply from the middle meningeal vessels,
which hypertrophy to supply them. In addition they may attract a
supply from hypertrophied branches of the external carotid, par-
ticularly when they invade hone. There may also he locally
enlarged diploic vascular markings and emissary venous mark-
i ngs in the region of the tumour. The foramen spinosum is usually



Fig. 53.47 Enlarged meningeal and diploic vascular markings associated with a parasagittal meningioma. There is also a localised hyperostosis (arrow-
heads). (A) Lateral view. (B) PA view.

Skull erosion due to tumour may arise from extracranial tumours.
tumours of bone or intracranial tumours. They have to he distin-
guished from non-tumorous erosions, which are also discussed
below.

Extracranial tumours
Erosion of the skull from extracranial tumours is rare but is occa-
sionally seen. Thus an extracranial dermoid cast can produce pres-

sure erosion of the underlying bone, but most cases are associated
with more malignant tumours.

enlarged on the side of the lesion, but, as this is commonly asym-
metric, little reliance can he placed on this as an isolated sign
( Figs 53.57, 53.58).

Other plain radiological signs may be present to support the diag-
nosis. These include local bony hyperostosis (see below), calcifica-
tion in the tumour, or evidence of generally raised intracranial
pressure.

Angiomatous malformations These are sometimes supplied by
the mcningeal arteries as well as by the internal carotid, and this
results in hypertrophied meningeal vessels and markings
( Fig. 53.48). Prominent emissary venous markings may also be
i dentified, particularly with ducal AV fistulas.

Fig. 53.46 Calcified occipital cortex in Sturge-Weber syndrome.

Fig. 53.45 Tuberous sclerosis. There are nodules of calcification in the
posterior fossa, in the frontal region, and in the parietal region. The last is
nearly superimposed on the pineal.
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Fig. 53.50 Glomus jugulare tumour. This has completely destroyed most
of the right petrous bone (arrowheads).

Hucnumgiomas of the skull vault also slightly expand the hone
and present as a rounded lucent area with a characteristic stippled
appearance (see Fig. 40.26); less frequently there is trahcculation or
spiculation within the lucent lesion.

Chordonw can produce erosion of the clivus or of the petrous
apex. Sometimes erosion is seen more anteriorly in the floor of the
sella or at its lateral aspect. Other helpful points in diagnosis are the
presence of a soft-tissue mass protruding into the nasopharynx, or
calcification within the intracranial part of the tumour.

Secondary tumours producing skull erosion arc encountered far
more frequently than primary tumours.

Carcinoma metastases in the skull are extremely common, and
arc often multiple. They may have a characteristic 'moth-eaten'
appearance or produce clear-cut defects (Fig. 53.51 ).

Myelomatosis with widespread deposits usually involves the
skull vault, and the lesions are very characteristic, appearing as
multiple small rounded and clear-cut defects.

Fig. 53.49 Nasopharyngeal carcinoma producing erosion of the floor of
the middle fossa on the left (arrows).

Rodent ulcers and epithelionurs can invade and erode underlying
hone in face • or scalp. Carcinoma of* the sphenoid can involve and
erode the skull base in the region of the pituitary fossa.

Nasophcn.vngeal tarc!nomu can also invade the skull base,
usually in the middle fossa ( Fi(, . 53.49), but more usually infiltrates
through basal foramina.

Glonms jugulare tumours may invade the base of the skull in the
region of the jugular foramen and undersurface of the petrous hone.
This is best shown with a half axial view of the base of the skull
(see Figs 52.3 and 53.50).

Bone tumours
Primary tumours with skull erosion are relatively unconmnmon.
Dermoids are found most commonly just above the outer angle of

the orbit. They are associated with soft-tissue swelling and a rounded
hone defect with a slightly sclerotic margin (see Fig. 51.34).

h.'pidcrmoids may occur in the skull vault, where they may
expand the hone slightly, and in classic cases appear as an area of Fig. 53.51 Multiple lytic deposits in the skull vault in a patient with carci-
relative lucency with a slightly lohulated and corticated margin. noma of the breast.

Fig. 53.48 Bilateral hypertrophy of the middle meningeal vascular mark-
i ngs in a patient with a large angiomatous malformation.



Fig. 53.52 (A) Pituitary adenoma, showing ballooning of the sella and backward bulging of the dorsum. (B) Pituitary adenoma showing ballooning of
the sella with undercutting of the anterior clinoids, backward bowing and thinning of the dorsum (arrowhead).

Very rarely, a myeloma may present as a solitary myeloma or difficult to differentiate from similar lesions due to cpidcrmoids or

plasnua_rtooru i n the skull Vault. Such large solitary plasmacytomas fibrous dysplasia.
usually present with a palpable soft-tissue swelling. Radiology shows
a large irregular hone defect, most commonly in the occipital or occip- I ntracranial tumours with bone erosion
itoparietal region. The lesion commences in the diploe and expands Pituitary adenomas, as they increase in size, expand and erode

the bone. Tangential views may show spiculation extending into the the pituitary fossa. In the classic case this gives this gives rise to the

soft tissues, and this, together with the intracranial extension, has led so-called 'ballooned' sella, with backward bowing of the dorsum,

to erroneous diagnoses of sarcoma or mcningioma. Eventually gener- undercutting of the anterior clinoids, and downward protrusion of
alised myeloma will develop in all these cases. the floor into the sphenoid bone or sinus (Fig. 53.52).

Neurohlastorna i n children frequently metastasises to the skull. I n most case the plain film appearances are diagnostic, hut occa-

Lesions may involve the suture margins, particularly the coronal sionally, if the dorsum is completely eroded, there may be difficulty

suture, which becomes widened and irregular. The appearance may in differentiating from the effects of chronic raised intracranial

he accentuated by true suture diastasis from intracranial masses, pressure. The clinical features will usually point to the correct diag-

which are usually extradural and continuous with the bony lesions. nosis. In acromegaly the skull may show other diagnostic features.

Orbital deposits with proptosis are also common in neuroblastoma. including thickening of the skull vault, grossly enlarged sinuses

Diffuse nodular radiolucencies similar to those of metastatic carci- (see Fig. 42.23) and a prognathous jaw.

noma are also frequently seen in the vault. The lesions may elevate Mic rouclenonws sometimes produce local bulging of the cellar

t he periosteum and produce radial hone spiculation extending into floor or a 'double' floor, but this sign should be treated with great

the soft tissues. caution since similar appearances are often encountered in the
Leukaemia of the menmges and central nervous system can normal skull.

cause raised intracranial pressure and sutural diastasis in children Empty sella may he primary or secondary (Ch. 57). The sella

but bone lesions are unlikely. often appears enlarged, raising suspicion of pituitary adenoma. The

Reticulosis and lyinphosarcorna rarely affect the skull but occa- enlargement however is more globular and symmetric, and the

sionally can produce small multiple erosions which later become cortex of the sella remains intact. The diagnosis is confirmed by CT

more conlluent and widespread. or MRI.
Histiocytosis commonly involves the skull, particularly in Carcinoma o/ the pinutara • i s extremely rare, but when it occurs

Letterer-Siire and Hancl-Sc •h iiller-Christian disease (Ch. 41 ), produces local erosion of the sellar floor and skull base.

where the typical 'geographic' skull defects may he seen (see Craniopharyngioma has been discussed above and is usually

Fig. 41.23). Eosinophil grunnlorna may also produce similar lesions diagnosed from the typical calcification. However, there is often a

i n the skull, although it may present as an isolated lesion. This can typical deformity of the sella which can he helpful in cases without

expand the hone and, unlike the more malignant lesions, may have calcification. The sella appears elongated and the dorsum may he

a sclerotic margin. An isolated eosinophil granuloma may then he short and bowed forward as if pressed on from above (Fig. 53.53).



Fig. 53.53 Craniopharyngioma without calcification. The shape of the
sella, which is elongated, and the dorsum, which is slightly bowed forward,
are suggestive of the cause.

Acoustic neuromas are now diagnosed at an early stage by
MRI. Plain radiograph changes are only seen with the larger
tumours, which are producing pressure erosion at the internal
meatus, but such changes are still seen in a small proportion of
cases at presentation.

Glioma of the optic nerve i s a rare tumour, predominantly pre-
senting in children. It produces a pathognomonic radiological sign

Fig. 53.54 Glioma of the left optic nerve. The left optic foramen (arrow)
consisting of localised expansion of the optic foramen (Fig. _53.54). is markedly expanded compared with the normal right.
Chiasmatic glioma may extend into both orbits and enlarge both
optic canals. Other lesions that can produce unilateral enlargement
of the optic canal include meningioma of the optic nerve sheath and

erosion of the affected bone. With acute osteomyelitis the diagnosis

retinoblastoma. Bilateral enlargement can also occur with menin- i s usually obvious clinically. Occasionally, however, skull infection

gioma and with chronic raised intracranial pressure, as the sub-
may follow a minor trauma which may even be forgotten by the

arachnoid space extends into the canals. Very rarely. inflammatory
patient (Fig. 53.55). Infection may also occur in hone flaps after a

l esions such as sarcoid or chiasinatic arachnoiditis have been
responsible for, enlargement of the optic canal, either unilateral or
bilateral.

Meningiontas i nvading hone usually produce a hyperostotic
reaction (see below). Less commonly there is a mixed osteoblastic
and ostcolytic response, and very rarely a purely destructive reac-
tion is seen. In these cases other radiological signs such as enlarged
meningeal vascular channels may help to suggest the true diagno-
sis.

Glionuis growing through the dura and invading hone with
visible erosion are extremely rare but have been recorded.

Non-tumorous skull erosions
Congenital and physiological skull defects have been discussed
above. Erosions may also result from other non-tumorous causes,
i ncluding inflammatory and traumatic lesions.

Ostcuntl'eliti.c, both acute and subacute, involving the Skull vault, Fig 53.55 Extensive erosion of the skull vault along the sagittal and
i s seen following spread of infection from the frontal sinus or tol- corona) sutures. This was due to unrecognised chronic osteomyelitis follow
l owing compound fracture or other trauma. It results in patchy ing a minor scalp wound which was sutured.
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craniotomy. Radiologically this is manifest by the development of
radioluccnt areas within the flap and erosion of the margins.

Chronic infections of the skull vault are now rarely seen except
in underdeveloped countries.

Tuberculosis may produce a localised rounded destructive lesion,
often associated with a soft-tissue abscess. Occasional cases with
hone tuberculosis still seen in the UK are usually in Asian immigrants

(see Fig. 36.xx).
Syphilis of the skull vault is now extremely rare. It produces an

extensive `moth-eaten' appearance. The clinical features permit
ready differentiation from acute osteomyelitis or extensive
deposits.

Hvdatid cysts very rarely involve the skull vault. When they do,
they give rise to a multilocular cystic mass expanding the hone and
bulging it outward. Less than 2% of patients with hydatid disease have

hone involvement and in only a few of these is the skull involved.
Sarcoid l esions of bone arc also rare, particularly with skull

i nvolvement. However, small irregular lytic lesions involving both
tables have been described in the skull.

Radiation necrosis may occur in bone flaps after radiotherapy. It
results in small marginal and central bony erosions similar to those
produced by infection. Very rarely such radiation changes may be
encountered in the intact skull vault.

Post-traumatic skull defects are occasionally seen. There is Fig. 53.56 Parietal thinning. The Towne's or PA projections show clearly
that the external table and diploe are affected while the internal table

usually a story of a skull fracture in childhood, although the origi- remains (arrowheads).
nal trauma may be forgotten (see Post-traumatic Cysts below).

Large retro-orbital aneurysms can erode the bony structures at
the back of the orbit or adjacent to the sella. Erosion of the infero- l amina dura around the teeth is another characteristic feature in
l ateral margin of the optic foramen (the optic strut) is characteristic, hyperparathyroidism.
and there may be slight expansion of the sphenoidal fissure at its Parietal thinning gives rise to a sharply demarcated localised

upper end. An anterior clinoid process can also be eroded, as can thinning of the skull vault. This strange condition occurs mainly in

the bone adjacent to it or the sella. Rarely, expansion of the sella by elderly men and is characterised by symmetric thinning of the pari-
an intrasellar aneurysm can simulate the appearance of a pituitary etal bones, involving the outer tables. As seen in the Towne's or PA
tumour. Local erosion adjacent to the sella may be better shown by views, there is loss of the outer table and diploe of the affected

CT than by plain radiographs (see Fig. 55.42C). areas (Fig. 53.56). The lateral view shows a sharply demarcated

Neurofibromatosis can he associated with congenital bone hand of porosis in the high parietal zones.
defects in the skull. The commonest site is in the occipital bone Osteoporosis circumscripta is the name given to a type of Paget's

adjacent to the lower part of the lamhdoid suture. Defects may also disease affecting the skull vault. It is characterised by large areas of
occur adjacent to the squamous temporal suture and in the greater apparent osteoporosis with a clear-cut and well-defined margin
wing of the sphenoid, where it forms the posterior wall of the orbit. between the normal and affected hone (see Fig. 37.37). The osteo-

Proptosis may result from the latter (Fig. 51.27). porosis spreads upward from the base of the skull and may involve

Fibrous dvsplasia of the skull vault can be cystic, sclerotic or a large area without being limited by sutures. The changes are often

mixed in type. The sclerotic type is discussed below under bilateral and symmetric and there may be evidence of Paget's

Hyperostosis. The cystic type occurs mainly in the skull vault and disease affecting other hones.
presents as a radiolucent area in the diploe with thinning of the
adjacent tables, mainly involving the outer table. The margins are
sharply defined and can be sclerotic, making differentiation from
epidermoid difficult, although the latter are usually smaller and
show no areas of mixed density.

This is occasionally seen over intracranial mass lesions commenc-
i ng in childhood where the lesion impinges on the skull. It has been
described in superficial gliomas but is commoner with such chronic
benign lesions as arachnoid cysts.

If they lie over the vault they can produce local bulging and thin-
ning of the bone, while in the temporal fossa they cause it to bulge
in a characteristic way.

In the basal film the middle fossa is seen to be expanded. while
in the PA view close inspection of the orbit will show the
sphenoidal ridge to be elevated and the innominate line (Fig. 53.3)
to be absent or indistinct due to the bulging of the greater sphenoid
wing.

Osteoporosis of the skull vault occurs in many different conditions.
It may be seen as a normal physiological change in the elderly, in

parallel with general osteoporosis of the skeleton. It may also be
seen with the various metabolic disorders giving rise to osteomala-
cia and osteoporosis and discussed in detail in Chapter 42.

Hyperparathvroidisrn gives rise to osteoporosis of the skull
with a characteristic pattern, which has been described as
miliary' or 'pepper-pot' osteoporosis (see Fig. 42.34). Loss of the
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Paget's disease may lead to the grossest forms of skull thicken-
i ng. At the same time as the vault becomes widened and thickened,
with alterations in its bony texture, there are also osteomalacic
changes and the bone becomes softer and more pliable, giving rise
to platybasia with basilar invagination. The radiological appear-
ances arc quite specific (see Fig. 37.38), with a typical irregular
mottled texture to the thickened hone.

Cooler `.s anaemia is another condition in which there may
he gross generalised thickening of the skull vault, with a character-
i stic and diagnostic appearance (Ch. 41). The main abnormality is
a widening of the diploe. Its texture also becomes abnormal with
radiating linear spicules of the `sunray' or `hairbrush' type (see
Fig. 41.6). Sometimes the hone changes in this type of anaemia
may he more localised, affecting mainly the frontal region.

Localised hyperostosis of the skull This may also occur in a
wide variety of conditions. These include neoplasms, dysplasia
and metabolic disorders.

Meningiomas commonly invade the bony skull and produce a
l ocalised hyperostotic reaction. The diagnosis is often suggested by
the classic meningioma site, e.g. parasagittal (Fig. 53.57) or sphe-
noidal ridge. Originally the hyperostosis is confined to the inner
table but later it may grow through the diploe and outer table and
even present as a palpable lump. When protruding externally, the
l esion can sometimes show sunray spicules (Fig. 53.58). Other radi-
ological evidence of meningioma such as enlarged vascular mark-
i ngs leading to the lesion, or signs of raised intracranial pressure,
may also he present. If the meningioma grows from the sphenoidal
ridge into the orbit it can present with proptosis.

With meningiomas arising in the region of the jugum or anterior
clinoid, a rare manifestation is local bone expansion with pneumati-
sation, so-called ` blistering'

Primary osteosarcoma arising in the skull is very rare but can
,live rise to localised hypcrostosis, often with sunray spicules. It is
commonest as a complication of Paget's disease.

Osteornas can occur in the skull vault, when they appear as dense
flat `ivory' nodules growing from the surface. More commonly they
present as chance findings growing from the wall of a frontal sinus.
They are usually small under I cm in size-hut occasionally
l arger, and cases are recorded where large ostcomas have perforated
through the sinus and given rise to pne mocephalus.

Ossifying fib rornas i nvolving the skull are relatively rare. They
are described as most frequently commencing in the paranasal
sinuses, particularly the antrum. They arc particularly common in
East Africa and can produce large densely calcified masses. We
have personally encountered a case originating in the sphenoid
sinus and growing upward into the sella.

Fibrous dysplasia is an important cause of localised hyperostosis
involving the skull vault, facial hones (see Ch. 35) or skull base. It
may occur as an isolated lesion, or in association with lesions in
other bones (polyostotic fibrous dysplasia and Albright syndrome-
see Ch. 35).

Leontiasis ossia is the descriptive term used for a form of
hyperostosis affecting the frontal bones and facial bones and
giving rise to severe facial deformity. Most cases are due to
fibrous dysplasia, although it was once thought that a chronic
periostitis was responsible.

Hrperostosis,frontalis interna is a mysterious condition frequently
seen in adult skulls. Its cause is unknown, although it appears to be
hornmone-related as it occurs almost exclusively in postmenopausal

Fig. 53.58 Meningioma growing through the skull vault. Note the
sunray spiculation and the enlarged vascular channels of the skull vault.
(A) Lateral view.

Hypcrostosis, or thickening of the skull vault, may be generalised
or localised.

Generalised hyperostosis This is seen with various bone dystro-
phies described in Chapter 35. These include marble bones,
Engelntan's disease, and craniometaphyseal dysplasia.

Dystrophia myotonica may also show a thickened skull
vault. The small pituitary fossa in this condition has been noted
above.

Acromegaly, as noted above, may also show a thickened skull
vault in association with the enlarged sinuses and prognathous jaw.
The vault thickening involves both tables and the diploe is
encroached on and difficult to distinguish.

Fig. 53.57 Small parasagittal hyperostosis in the parietal region associ-
ated with a meningioma (arrowhead). Note the prominent vascular chan-
nels leading to the lesion.

Chronic juvenile subdural haematomas can produce similar
effects both over the skull vault and in the temporal fossa.



women, male cases being relatively rare. It is characterised by irregu-
lar nodular thickening of the inner table of the skull vault, affecting
mainly the frontal bones. The lesions are characteristically bilateral
and symmetric and spare the midline. Occasionally they are more
extensive and involve the parietal bones.

Hemiatrophy In infantile hemiplegia associated with poren-
cephalic cyst, or other conditions in which one half of the brain is
maldeveloped or atrophic, the overlying skull vault differs from
that on the normal side. As well as being smaller, the affected half
of the skull vault is thicker. The petrous bone and sinuses may
also be larger on the affected side. These changes suggest that
normal brain growth is necessary for normal growth and mould-

i ng of the overlying skull.

i mportance, and it is better to radiograph the patient as an elective
and non-emergency procedure when he or she is more cooperative.
All cases where an intracranial haematoma or brain damage is sus-
pected will also require CT or MRI for further assessment.

Linear fractures of the skull are readily recognised on good-
quality films, where they usually appear as linear lucent lines. In
some cases, however, where fracture margins overlap slightly in
relation to the X-ray beam, they may appear as lines of increased.
density (see Fig. 53.59). Care should he taken not to confuse frac-
tures with normal vascular markings or with the internal suture line,
which is not serrated like the external suture. The internal suture
line is characteristically superimposed on a serrated suture, whereas
a fracture will deviate from it at some points.

Depressed fractures may require tangential views to show their
exact relationships, but are often better shown by CT.

Post-traumatic cysts (leptomeningeal cysts) Where a fracture in
an infant or child involves the meninges, cerebrospinal fluid may
escape from the subarachnoid space and form a cyst beneath the
fracture. Atrophy of the overlying bone margins may result and
quite large bone defects can follow. In some of these cases the
original fracture may be difficult to identify, and if the original
trauma is forgotten a difficult differential diagnosis may result.
Most cases present in young children either with a cystic superfi-

cial mass in the parietal or parieto-o(, ipital region, or as a chin, c

Cephalhaematoma This is due to birth injury, and the infant
presents with a soft-tissue parietal swelling which may be unilat-
eral or bilateral. The haematoma lies under the periosteum and
calcification, visible at radiography, develops at its margin. As
growth proceeds, the lesion becomes less prominent and on clini-
cal and radiological investigation is found to merge with the
underlying skull.

Fractures Fractures of the skull vault have been classified as
linear, ste /late and depressed.

There is a tendency in many accident and emergency depart-
ments to radiograph all head injuries immediately on admission.
This often results in poor-quality or non-diagnostic films, particu-

l arly if the patient is comatose or confused and non-cooperative

with temporary head dressings. Since severe brain injury can occur
in the absence of a fracture, and a fracture can be present without
i ntracranial injury. Such emergency radiography is to be deprecated
unless it is to show a depressed fracture or support a diagnosis of
extradural haematoma by showing a fracture line involving the
middle meningeal vascular markings. In most other cases, however,

the procedure is of medicolegal or academic rather than of medical

Fig. 53.59 Transverse linear fracture of the skull vault showing as a
translucency (T). There is also a vertical fracture showing as an increased Fig. 53.60 Brow-up film showing pneumocephalus following frontal frac-
density (f-). tures. Note the air-fluid level, best seen in brow-up lateral films.
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finding at X-ray. The characteristic radiographic appearance is of

an elongated area of l ucency with or without a fracture extending

i nto it. Treatment is by surgical excision of the cyst and repair of

the dura.

juvenile subdural haematoma These can localise around the

temporal lobe and give rise to local expansion of the middle fossa

as described above. Many of the cases previously diagnosed as

juvenile subdural haematomas, however, would now be regarded

as arachnoid cysts.

Pneumocephalus and aerocele These most commonly result

from fractures involving the frontal or ethmoid sinuses. Such

cases should always have follow-up films taken within a few

days. These should be obtained with the head brow-up and a hori-

zontal X-ray beam, to demonstrate possible intracranial air-fluid

l evels (Fig. 53.60).

I ntracranial air is of course readily recognised at CT, which is

more sensitive than plain radiography in identifying small quanti-

ties of air. The lateral brow-up radiograph will also demonstrate a

fluid level in the sphenoid sinus, a finding which can indicate a

fracture of the skull base.

There is usually a dural tear, and CSF rhinorrhoea may be

present. The latter finding is always art indication for further inves-

tigation to localise the dural tear responsible, whether intracranial

air is present or not.

CSF rhinorrhoea is characterised by a persistent drip of fluid from

one or both nostrils, accentuated by stooping or straining. The fluid is

usually clear, colourless and contains glucose. Surgery with closure of

the dural tear is indicated, and tomographic studies or radionuclide or

CT cisternography may be required for accurate localisation.

CSF otorrhoea may follow fractures involving the petrous or

mastoid temporal bone. The fracture usually lies on the anterior

surface of the petrous and involves the middle fossa. Localisation

of the dural tear is by tomography or by radionuclide or CT

cisternography.
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adult disc, a shelf of annulus causes a low-signal horizontal hand.
resulting in a characteristic hilocular appearance (I ig. 54.1 ), and
with normal ageing the intensity of the signal from the nuclei
decreases.

The T, and T, relaxation limes of cerebrospinal fluid arc relatively
l ong. Using short echo-delay tines the fluid appears dark, and is
easily distinguished from the considerably greater signal generated
from the spinal cord (Fig. 54.2). In this way the gross anatomy is
well shown; distinction between the normal grey and white natter
within the cord is sometimes, hut not routinely, achieved. Fast spin-

Technical progress has rendered obsolete many of the radiological
i nvestigations of the spine, which were commonplace until quite
recently. MRI now is widely available in developed countries and is
usually the investigation of choice for the spine.

Those to he considered in this section arc:

• NIRI
• Plain X-rays
• CT
• Myclography and computed myclography (CTM)
• Spinal angiop- aphy
• Ultrasound
• Radioisotope studies
• Discography.

Procedures no longer used, and excluded in this edition, are
endomyelography (injection of contrast medium into inta-
nedullary cysts) and epidur l venography (opacification of the
anterior internal vertebral veins for the identification of epidural
masses usually disc protrusions not shown by myclography). With
the exception of sonic applications more orientated to orthopaedic
than ncuroradiologieal practice, discography also falls into this
obsolete category.

1. MRI

']'lie spinal cord is a longitudinal st ucture, and precise localisation
of the level of a lesion from clinical examination can be difficult. This
factor limits the precision of siting for transverse axial imaging
methods such as CT. MRI does not have this limitation because it
can he easily applied in any plane, including the optimal sagittal axis.

The annulus lihrosus, spinal ligaments, and dura mater and the
cortical bone chi t he vertebrae give low signals: the epidural and
paraspinal fat provides a high-intensity signal on host commonly

used sequences. The normal hone marrow contains a variable amount
of fat usually sufticicnt to increase the signal from the mCdUllary

Fig. 54.1 Normal and degenerative lumbar intervertebral discs. Sagittal
regions ol' the va'tchrac and thus display their structure and anatomy.

(A) and axial (B) MRI, T weighted contrast Normal discs are surrounded
]'he gel of the nucleus pulposus of the normal intervertchral discs by low signal from the annulus fibrosis and partly divided horizontally by a
gives high-intensity signal on T- weighted sequences. In the normal l ow-signal band, not present in children's discs.
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Fig. 54.3 Normal dorsal vertebral, CT axial section. Normal defects in
the cortex of the vertebral body for the passage of the veins are shown; the
posterior defect is for the basivertebral veins. Note the circular spinal canal
with equal sagittal and coronal diameters.

echo sequences allow high-contrast, high-resolution images, espe-
cially of the intrathecal contents, which are of particular value in
the examination of nerve roots and arachnoiditis (Fig. 54.1).

Most examinations consist of a multislicc series acquired in the
sagittal plain using conventional or preferably fast spin-echo
sequences to display contrast, which is dominated by T, and T,
relaxation effects. Axial multislice sequences, also with T, and T,
weighting, are performed as indicated by findings on the sagittal
series or by clinical considerations. If lesions of the spinal cord are
suspected, axial sections 3-5 mm in thickness are preferable to
i mprove signal from the spinal cord. If spinal root compression in
the intervertebral foramena is suspected, some units perform an
axial relaxation acquisition where slice thicknesses of 2 mm or less
are possible with generally acceptable contrast resolution. The
widespread availability of phased array coils permits the whole
spinal cord to be imaged in one acquisition, and studying two
regions does not require changing the coil.

The newer contrast mechanisms now finding some application in
brain imaging, such as diffusion imaging and magnetisation transfer
i maging, have proven insensitive to pathology readily shown by T,-
and T,-weighted acquisitions, and similarly fluid-attenuated inver-
sion recovery (FLAIR) acquisitions are of disappointing sensitivity
in the spine. However, although rarely used in practice, diffusion-
weighted imaging (DWI) could help distinguish cystic from solid or
necrotic masses in the spinal cord.

It is possible to investigate aspects of cerebrospinal fluid (CSF)
flow using MRI. The method most readily available uses phase-con-
trast imaging with cardiac gating to acquire flow-related data at
points throughout the cardiac cycle and display this on a cine-loop.

Spectacular moving images of CSF motion in spinal subarachnoid
space, across the foramen magnum and in spinal cord cavities, can
be generated but the information provided contributes little to
current clinical practice.

Examination of the brachial and lumbosacral plexuses is increas-
i ngly requested in addition to the cervical and lumbar spine. If pro-
tocols suggested by many workers are followed, these are very
significant additions in terms of time: they may involve acquisitions

Fig. 54.2 Normal and degenerative
cervical intervertebral discs and general
anatomy. Sagittal MRI. (The cerebellar
tonsus seem to be low lying).

using large fields of view in sagittal, axial and coronal plains, with
both T,- and T,- dependent contrast (the latter with fat saturation).
before and after intravenous contrast medium. A technique using
carefully orientated diffusion-weighted acquisitions has been
termed MR neurography. The positive yield is low and in general
specificity is lacking except in clinical context. Abbreviated proto-
cols are often used, such as only coronal acquisitions for branchial
plexus and axials or coronals for lumbosacral plexus.

2. Plain spine X-rays
In most units worldwide, plain X-rays are still widely used.
Anteroposterior and lateral projections of the region of interest may
i nitiate but are now more commonly used as additional studies in
the investigation of suspected spinal pathologies. Supplementary
oblique views are occasionally helpful to show the intervertebral
foramina in the cervical region and the pars interarticularis in the
l umbar region. Stability of the cervical or lumbar spine still is best
studied by lateral views in flexion and extension and plain X-rays
remain the first-line investigation for spinal trauma.

3. CT (including digital imaging on the scout view
facility)
Visualisation of the dura and extradural segments of nerve roots and
vessels is facilitated where the epidural fat is relatively thick, as is
usual in the high cervical, lumbar and sacral regions. The spinal
cord and subarachnoid masses of similar density can he discrimi-
nated if they are more than 2.5 mm in diameter and separated by a
2 mm channel of CSF; thus the cervical cord is usually demon-
strated, but in most patients the thoracic cord is not shown without
i ntrathecal water-soluble contrast medium. CT remains satisfactory
to diagnose disc protrusions and degenerative disease of the lumbar
and occasionally cervical spine when MRI is contraindicated or
i mpossible (see below). It also is used with high-resolution hone
review algorithms to assess bone texture, structure integrity (prior
to fixation for example), and to evaluate spinal fractures when nec-
essary (Fig. 54.3). Evaluation of the spinal cord generally will
require intrathecal contrast injection (see below), but every case
should be viewed on its merits with an eye on the minimum that
needs to be shown for management.
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To produce optimal scans, the following facilities, available on equipment. However, the general principles for both conventional
all modern machines, are required: and CT myelography are much the same, save that rarely more than

a. Rapid scan times, as in spiral CT, to limit artefacts due to
1 0-15 ml of contrast medium at concentrations of no more that
240 mg limI are necessary, and manipulation generally requires

i nvoluntary movements including swallowing and respiration.
only mild head-down table (or trolley) with the patient in the

b. Digital radiograph-cursor line and tilting gantry, to allow selec-
decubitus position, appropriate side down. CT should be performed

tion of the optimal scanning plane, which for most conditions is
within 30 minutes and delayed (6-12 hours) imaging may be

perpendicular to the long axis of the spinal canal.
necessary to evaluate cysts (see below) (Fig. 54.4).

c. Variahle-section width. Sections as thin as 2.0 mm or less are
advantageous for reducing partial volume effect in narrow struc-

A satisfactory myelogram should clearly define detail of the sub-

tures such as cervical discs, and are necessary high-resolution
arachnoid space throughout the region of interest: not only should the

y spinal cord, corms medullaris and nerve roots and their sheaths be
reformatting of data acquired in the axial plane. Sections as thick as

clearly defined, but the spinal vessels, denticulate ligaments and
8.0-10.0 mm provide the greater contrast discrimination necessary
for

arachnoidal septa should also be visualised. Although many spinal
plain scan diagnosis of lesions such as syringohydromyeli`t

' pathologies cause considerable myelo *raphic deformity, others (e.g>
with densities in the range between CSF and cord substance.

d. Software capable of reformatting images in any desired plane.
some angiomatous malformations) may cause only minor changes.

e. An extended CT number range.
These water-soluble non-ionic contrast media, which are licensed

for intrathecal use (e.g. lohexol), are virtually non-neurotoxic, do not
cause epileptic fits and are apparently devoid of arachnoid toxicity.

4. Myelography and computed myelography (CTM) They can he used without withdrawing other drugs which the patient
Conventional myelography was performed using X-ray film, but may be taking, and anticonvulsant cover is unnecessary. The only rela-
most well-equipped units now go straight to CTM which requires five contraindication is an unexpectedly severe reaction to a previous
far less radiographic and manipulative skill, a skill dissipated these i njection of the contrast medium by any route. Minor adverse reac-
days by lack of practice and obsolescence of dedicated radiographic tions, which occur in about 25% of patients and are relatively more
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Fig. 54.4 Myelogram and CT myelography in a patient with rheumatoid arthritis and seemingly mild anterior atlanto-axial subluxation and severe spinal
cord damage. (A) Sagittal image reformatted from multiple axial slices (no contrast). (B and C) Lateral views of the myelogram in flexion and extension. (D)

Axial CT images of the myelogram showing the flattened damaged spinal cord.



the radiologist's hands. Lumbar puncture is used unless there is a

positive contraindication. The latter include:

I. Manifest or suspected infection of the tissues overlying the

l umbar theca.
2. Suspected obliteration or marked stenosis of the lumbar theca

due to previous surgery, arachnoiditis, congenital abnormality or
recent failure of lumbar puncture under screen control.

3. Suspected difficulty with manipulation of contrast medium to
the cervical region, as in patients with a severe kyphoscoliosis or
deformities of the neck, or where the head-down position induces
dyspnoea, nausea, vomiting or vertigo.

Because contrast media are heavier than CSF, it can he induced
to form pools under the influence of gravity by placing the patient
in such a posture that the region of interest is dependent.

The lumbar region i s most simply examined by introducing a
relatively large volume of iohexol, containing 240 mg I/ml, with
the feet dependent. The puncture is made away from the site of par-
ticular interest, usually high in the lumbar region with the patient
prone and the back slightly flexed over a firm pad. During injection
the foot of the table is at least 20° dependent, and ideally a suf-
ficient quantity of the contrast medium (as estimated by fluoro-
scopy) is introduced to fill the theca to the level of the second

lumbar body. Erect AP, lateral and oblique films are taken in all
cases and supplemented with prone, horizontal decubitus, and
supine films as necessary for diagnosis. When pathology relevant to
the patient's symptoms is evident on the erect films, the examina-
tion is discontinued, but when this is not the case the study should
be extended as high as the mid-dorsal level.

For examinations of the dorsal region, iohexol containing
Fig. 54.5 Myelogram with non-ionic contrast medium. (A) AP projection 240 mg I/mI is injected with the patient in the lateral decubitus posi-
of cervical region in prone position. The spinal cord is symmetrically situ- tion, with a firm pad beneath the head and neck to tilt the vertex
ated in the opacified subarachnoid space. The nerve roots are shown toward the ceiling, and with the head of the table dependent so as to
descending through the root sheaths to the intervertebral foramina. An

pool the contrast medium in the concavity of a dorsal curve. Theanterior radiculomedullary artery ascends to the anterior spinal artery. The
periphery of the left sixth cervical nerve root sheath is obstructed by a small injection is made under screen control, continuing until the region
lateral disc protrusion. The myelogram is otherwise normal. (B) Lateral pro- of interest has been adequately filled. After lateral films have been
jection, supine position, dorsal region. The spinal cord tends to take the obtained, the needle is removed and the patient placed supine for
shorter route toward the convexity of the thoracic curve in the anterior part

AP and oblique projections.of the subarachnoid space, which is therefore wider behind the spinal cord.
The descending nerve roots and denticulate ligaments are faintly visible. For examination of the cervical region the patient is prone, with

the neck extended by a soft pad under the chin and the lumbar lor-
dosis flattened by a pillow beneath the abdomen. The contrast

frequent in women, include headache, nausea, vomiting, backache medium may be directly pooled in the cervical lordosis in patients
and radicular pain, but these are generally short lived. Although the with a suitably flat back, tilting the head of the table down while
empirically recommended dose is 3g I equivalent, this can be cau- about 10 ml iohexol, containing up to 300 mg I/ml, is injected.
tiously increased to 4.2g I if necessary for complete examination of Alternatively, the injection is carried out so that the contrast
l arge suharachnoid spaces without increasing the incidence of medium forms a pool in the lumbar region, and the head of
adverse effects. It should be noted that many of the newer water- the table is smoothly lowered to transfer the pool to the cervical
soluble contrast media now used in angiography are not licensed theca under screen control after the injection has been completed.
for intrathecal injection: only those that are should be used The latter method is usually adopted for total myclography, in
(Fig. 54.5). which the lumbar region is examined first, then the cervical, and

Myelographic technique Defects of blood clotting should he finally the dorsal region, by turning the patient supine, taking
reversed if possible to reduce any tendency to sub- or extradural care to elevate the vertex in all manoeuvres to avoid intracranial
haemorrhage. General anaesthesia may be necessary in young chit- spill.
dren. Otherwise, unless the patient is exceptionally nervous, myelo- Should obstruction to the upward passage of contrast medium be
grains arc performed without premeditation or special preparation, diagnosed while the needle is still in the lumbar theca, it can generally
apart from an explanation of the procedure. The meal preceding the be overcome by further injection of iohexol or normal saline while
i nvestigation is light, but a plentiful fluid intake is encouraged. A the head of the column lies against the obstruction. The patient may
22-gauge needle is preferred. After a CSF sample has been taken, be aware of some discomfort as the intrathecal pressure is increased.
the contrast medium is injected with fluoroscopic control, always but this is usually tolerable, especially if it is explained that the
via a connecting tube to avoid disturbing the needle or irradiating necessity for a further puncture in the cervical region may be avoided.
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Fig. 54.7 Subdural contrast medium. (A) AP projection. (B) Lateral pro-
j ection. (C) Oblique projection. The appearances superficially simulating an
enlarged spinal cord are due to the contrast medium outlining the outer
border of the arachnoid membrane. Note that the inner border of the con-
trast column appears lobulated and that its upper border does not form a
fluid level with unopacified CSF.

Fig. 54.6 Extradural injection of contrast medium. Myodil globules have
extended throughout the lumbar and sacral epidural space, through the
i ntervertebral foramina and along the course of the sacral plexuses.

indicated for other reasons, since it increases the incidence of minor
reactions; these are treated symptomatically.

Technical errors Extra-arachnoid injection of non-ionic contrast
medium is not a significant complication but it should not be
mistaken for pathology. Extradural contrast medium extends
along nerve roots and muscle planes away from the spinal theca
(Fig. 54.6). Subdural contrast medium tends to remain localised
and to flow slowly under gravity, but it may extend throughout
the subdural space and simulate a swollen cord (Fig. 54.7). Since
the subdural space does not normally contain fluid, the con-
trast medium will not layer or pool as it does in the subarachnoid
space. Exceptionally, enough CSF may be present in the subdural
space to allow pooling; this occurs most frequently following
multiple lumbar punctures. Leakage of CSF from the punctured
theca, or of blood from a blood vessel, may compress the spinal
theca and simulate a mass; the site of such `needling arte-
facts' at the level of the injection should suggest the correct
explanation.

Computed myelography (CM). The whole spine now can be
studied rapidly using modern CT with fast multislice and spiral
facilities. In-plain resolution and slice thickness and spacing can be
tailored to the clinical situation. Reformatting in longitudinal plains
i s also very helpful. Once the contrast is distributed evenly the
examination of all regions can be carried out with the patient
supine. CTM is sometimes used to supplement MRI when it is
necessary to evaluate some arachnoid cysts or diverticula, or iden-
tify the level or presence of CSF leaks, such as into the pleural
cavity after spinal surgery. CTM may also he necessary in primary
i nvestigation of clinical myelopathy when MRI is unavailable,

For cervical studies AP and lateral films arc made and supplemented
with oblique projections as necessary, especially if nerve root com-
pression is suspected. Obstruction due to cervical disc protrusion or
spondylosis may be overcome by tilting the patient enough to flex
the neck while obtaining sufficient lateral bowing of the head to
avoid tipping the contrast medium irretrievably into the intracranial
compartment. If the problem is not fully elucidated in the prone
position, the patient is turned supine and the neck flexed. This is
particularly necessary for examination of the cisterna magna, cere-
bellar tonsils, and lower posterior fossa. The neck flexion relieves
the buckling of the ligamenta flava present in extension, and
shows the degree of mobility of the cervical spine and the effect of
these factors on canal diameter; it is thus useful in elucidating the
components contributing to a canal stenosis.

Cervical puncture is best performed between the first and second
vertebra in the posterior third of the canal, under fluoroscopic control.
Suspicion of an upper cervical or foramen magnum mass lesion con-
traindicates cervical puncture; suspected mid or lower cervical ob-
struction is a relative contraindication to cervical puncture as the
primary approach. For examination of the cervical region, the contrast
medium is introduced with the patient prone and the neck extended;
for the dorsal or lumbar region it is introduced with the patient supine
and the neck flexed.

After myelography the patient is encouraged to resume gentle
activity and to eat and drink normally. Bed rest is avoided, unless
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Fig. 54.9 Dural arteriovenous fistula, left second lumbar angiagram. AP
and lateral projections. (A and B) Large arrow, the fistula; small arrows, the
draining vein.

c. Showing the anatomy of the radiculomedullary arteries
prior to surgical procedures in which they may be at risk, as for
example in the mid and lower thoracic region in disc and scoliosis

surgery.

Spinal angiography requires injection of non-ionic contrast medium
i nto the orifices of the individual segmental vessels supplying the
appropriate radiculopial and radiculomedullary arteries, and is per-
formed using a tapered-tip 4 French catheter, generally introduced
through a femoral artery. A simple cobra curve similar to that used for
visceral angiography is appropriate for examination of all the
vessels; in some cases catheterisation of the lumbar and sacral
vessels is facilitated after the curve has been reversed by forming a
l oop in a renal or mesenteric artery. A complete study therefore
requires a very large number of individual injections of contrast
medium, and very careful technique. General anaesthesia is usually
recommended because of the length of the procedure and discom-
fort caused by injecting small somatic arteries. A urinary catheter
may be necessary to avoid a distended opacified bladder obscuring
pathology. In the presence of pre-existing clinical myelography, at
l east some neurological deterioration should be expected in up to

1 5 1Y( of patients.

6. Radioisotope studies
Radionuclide hone scanning continues to be useful for:

a. Diagnosis of spinal metastases from a known or suspected
malignancy

Fig. 54.8 Spinal angiogram, selective injection. Normal study. The arteria
radicularis magna arises from the left tenth intercostals artery. It fills the
anterior spinal artery and there is retrograde filling of other anterior radicu-
lomedullary vessels. The posterolateral arteries of the spinal cord are also
filled through the cruciate anastomosis at the conus.

i mpossible (due to skeletal deformities, excessive obesity or claus-
trophobia), impractical (life-support systems) or contraindicated
( pacemakers or other powered implants, some intracranial
aneurysm clips and mechanical heart valves).

5. Spinal angiography using digital subtraction
Spinal angiography has limited but important continuing applica-
tions (Fig. 54.8). It is essential for the preoperative or pre-embolisa-
tion elucidation of arteriovenous fistulas and angiomatous
malformations involving the spinal cord, or shunting into the
coronal venous plexuses which drains cord substance. Aneurysms
are much less frequently associated with spinal than with intracra-
nial angiomatous malformations, but they too can be reliably shown
by angiography (Fig. 54.9).

Angiography is also used for:

a. Confirmation of haemangioblastomas suspected clinically in
von Hippel-Lindau disease, or from appearances on MRI or even

myelography. However, MRI before and after gadolinium enhance-
ment has replaced angiography in most cases. r

b. The preoperative investigation of hypervascular lesions of the
vertebrae, including angiomas, some aneurysmal bone cysts, giant
cell tumours and chordonws, which may be amenable to preoperative
embolisation.



The spinal cord and nerve roots
The spinal cord descends from the medulla oblongata, commencing
at about the level of the foramen magnum, and terminates at
the cones medullaris, which lies between the lower border of the

1 2th thoracic and the upper border of the third lumbar vertebra. It is
approximately cylindrical, with slight enlargements in the lower cer-
vical and thoracolumbar regions, corresponding to the cells sup-
plying cervical and lumbosacral innervations. On anteroposterior
projections it lies symmetrically in the subarachnoid space: on
l ateral views it tends to deviate toward the concavity of the normal
curves. The nerve roots pass laterally from the anterolateral and
posterolateral margins of the cord at each segment.

Normal differential growth of the axial skeleton and spinal cord
causes relative cranial displacement of the segmental innervation
by about one segment in the lower cervical region, two in the lower
thoracic and three in the upper lumbar, so that the obliquity of
desceit of the nerve roots increases progressively from cervical to
sacral levels. The roots generally appear straight with the spine
slightly flexed and in neutral position, but they may be tortuous or
redundant when the spine is extended. Especially when the canal is
relatively narrow, this appearance may he exaggerated, and has occa-

8. Discography
Discography has been completely replaced by CT and MRI for
diagnosis of disc disease causing neurological symptoms. Lumbar
discography is still applied prior to discolysis and pcrcutaneous
extraction. In orthopaedic radiology it is often used for assessing

Fig. 54.10 Cystic astrocytoma, cervical spine lateral projection. The
discogenic pain, for which many authorities consider the results spinal canal is expanded. The posterior borders are concave. The line of the
to be of questionable significance. For details of techniques, conjoined laminae bordering the posterior margin of the spinal canal is
see Ghelman 1988. Water-soluble contrast media suitable for flattened and its length increased.
i ntrathecal use should only he used.

pedicles. These measurements are useful for reference when dilfuse
narrowing or widening is suspected (Fig. 54.10).

The normal intervertebral foramina are oval or boot shaped and
The spinal canal fairly symmetrical in the absence of scoliosis. Masses extending
The spinal canal is hounded: (i) anteriorly, by the vertebral bodies and i nto the foramina cause hone erosion, with thinning of the adjacent
i ntervertebral discs, hacked by the posterior longitudinal ligament: l amina and pedicles and rounding of the foramina; such masses are
and (ii) posterolatcrally. by the pedicles and laminae lined by the mainly neurogenic tumours. Other tumours, and, in the cervical
ligamenta (lava. region, kinked vertebral arteries, also less commonly erode foramina.

Though the cross-sectional shape of the canal, which varies widely All mass lesions eroding hone are large and easily shown by MRI.
between individuals, is best shown by CT, some dimensions are However failure to recognise erosion on plain X-rays may result in
visible on plain films. Of particular significance is the minimum an important delay in diagnosis (Fig. 54.11).
diameter, which gives an indication of the amount of space for the
spinal cord and/or nerve roots: it is the sagittal diameter i n the cer-
vical and lumbar regions, and measurements below 12 mm and

1 4 mm, respectively, are considered as potentially significant devel-
opmental narrowing. This may become critical if encroached on
further, for example by the minor spondylosis commonly accom-
panying ageing. The sagittal and interpedicular diameters arc vir-

tually equal in the thoracic region. Interpedicular distance increases
at the level of the cervical and lumbar enlargements and the
increase continues down the lumbar spine in normal individuals.

I nt aspinal masses growing by expansion tend to erode bone. The
cortex may he thinned or destroyed if a mass is expanding quickly but
tends to he reconstituted when expansion is slow. Enlargement of the
spinal canal is usually associated with abnormal flattening or even
medial concavity of the vertebral surfaces bordering the canal. Local
expansion is generally evident from comparison with adjacent levels,
a step of 3 mm or greater being abnormal. Published tables of sagittal
( Ullrich et al 1980) and interpedicular diameters at every level arc
available. The former are made from the midpoint of the dense corti-

cal line of the posterior border of the vertebral body to that of the con-
joined laminae, which is always visible unless spina hifida is present.
The latter is between the most medial points of the cortices of the

7. Ultrasound
This method has limited applications for:

a. Elucidation of the contents of meningoceles and
meningomyeloceles

b. Detection of intramedullary cysts after laminectomy
c. Measurement of spinal diameters
d. Detection of conus position and spinal cord tethering in infants

h. Occasionally for the detection of inflammatory processes and
primurv bone tumours, especially osteoid osteoma and
osteohlastoma

c. Elucidation of localised pain. with normal plain X-ray.

I ntrathecal injection of radionuclides may very occasionally
still he useful in localising or confirming a CSF leak, especially
a suharachnoid-pleural fistula, which sometimes complicates
t horacic disc surgery.
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Fig. 54.11 Neurofibromatosis. (A,B) Lumbar spine X-ray. The L3/L4 intervertebral foramen is enlarged, with erosion of the inferior border of the third
l umbar pedicle and the adjacent part of the posterior surface of the vertebral body. (C) Myelogram. A neurofibroma on the fourth lumbar nerve root is
partly intradural, causing a well-defined filling defect within the theca at the L3 level, and partly extradural, displacing the theca medially away from the
pedicle and intervertebral foramen. There is another intradural tumour at T11 /T12 level which deviates the termination of the spinal cord and nerve roots
toward the left and causes complete obstruction. Histology showed this tumour to be a neurofibrosarcoma.

Each nerve root carries a sheath of arachnoid, extending toward the
point where it penetrates the dura passing through the epidural fat to
gain the appropriate intervertebral foramen. The normal sheath looks
like a rose thorn, and deformity or occlusion of the sheath is an impor-
tant myelographic sign of compression by an extradural mass.

The dura is closely applied to the arachnoid, but tearing of the

arachnoid by any type of trauma, including surgery or puncture,
will allow entry of CSF into the potential subdural space; this can
compress the subarachnoid space and increase the chances of a sub-
dural injection of myelographic contrast medium.

The epidural space contains a variable quantity of fat which out-
lines the nerve roots and epidural venous plexuses, facilitating visu-

alisation by CT and MRI. When the epidural space is narrow, the
contours of the spinal canal are accurately reflected by myelogra-
phy and normal annuli may cause slight impressions on it. A wide
epidural space may obscure disc protrusions on myelograms;
although they are clearly shown on CT and/or MRI.

Blood vessels
The anterior spinal artery is shown by spinal angiography, but may
be visible on myelograms as a linear defect approximating to the
line of the anterior median sulcus of the spinal cord; the major ante-
rior radiculomedullary arteries may also be shown, passing superi-

sionally been confused with tortuous vessels. The anatomy of at least
some of the roots can almost always be resolved, and distinction can
be further aided by a film made in flexion to stretch the roots.

The cerebellar tonsils and biventral lobules lie posterior and
l ateral to the lower medulla at or just above the foramen magnum.
A tonsil extending below the inferior margin of the foramen and

below the hiventral lobule on a coronal section is termed ectopic.
Slightly more marked degrees of ectopia are evident on sagittal
studies also. Minor degrees of ectopia are frequent and commonly
asymptomatic, but ectopia may produce symptoms by partly
obstructing the CSF pathways and/or compressing the medulla or
upper cord, or be associated with syringomyelia.

The meninges
The subarachnoid space containing the CSF usually extends down
to the second segment of the sacrum, but it may terminate at any
level between the fifth lumbar and fouth sacral segments. Thin
arachnoid suspending ligaments, the denticulate ligaments, extend
from the lateral borders of the spinal cord at each level between the
foramen magnum and LI, and posterior septa also divide the sub-
arachnoid space incompletely. These structures are commonly
shown on myelography and the latter may cause pocketing of CSF,
which is not abnormal.



When kvphosis or scoliosis i s due to developmental vertebral anom-
alies such as dorsal or lateral hemivertebra, to bone destruction by
i nflammation or neoplasm, or to fracture or dislocation, the
causative lesion is generally evident on the plain X-ray. The short
kyphosis of neurofibromatosis, which generally involves about
five vertebrae, and the thoracolumbar kyphos is of the muco- Fig. 54.12 Lipomyelomeningodysplasia. Sagittal T,-weighted image.
polysaccharidoses (particularly Morquio's disease) are recognised There is high signal from the epidural fat and from the lipomatous mass.

from the clinical and/or more diffuse radiological bony abnormalities. The latter is subcutaneous, within the lumbosacral spina bifida, and extends
through the dura and then superiorly to blend with the posterior border of

Also kyphosis and scoliosis may he associated with spinal tumours the spinal cord which extends down to the lumbosacral region. The dark
and syringohydromyelia; in these conditions enlargement of the band extending centrally within the intradural part of the lipoma as far as
spinal canal is commonly, but not necessarily, evident. the cord is presumed to be a fibrous septum.

orly to join the anterior spinal artery at an acute angle, forming a Skeletal abnormalities of the spine may be further elucidated by
hairpin loop. CT, and MRI when neural abnormalities are suspected.

The upper four cervical segments are supplied by the descending
anterior spinal artery formed by anastomosing branches from the
i ntracranial segments of the vertebral arteries.

The lower half of the cervical cord and the upper two segments The most severe forms of dysraphism are due to:
of the dorsal cord are supplied by two to four anterior radicular
vessels arising from the vertebral, deep cervical and/or superior

1. Adhesion between the endoderm and ectoderm of the embry-

intercostal arteries and very rarely from the ascending cervical onic disc prior to formation of the notochord in the third week of ges-

artery

-

tation. This causes the various manifestations of the split notochord/

The anterior spinal artery in the mid-thoracic region is usually syndrome, which include dorsal enteric fistula, cystic remains of such

supplied by a single anterior radicular branch from one of the adja a fistula (enteric duplications, foregut, gastric, enterogenous,

cent intercostal arteries. neurenteric and spinal enteric cysts), and anterior or combined spina

The lower thoracic, lumbar and sacral region is supplied mainly bifida. The intraspinal cysts are intradural and usually extratnedullary

by the artery ofAdamkiewicz, which may arise at any level between i n location and typically anterior or anterolateral to the spinal cord;

the eighth dorsal and the fourth lumbar artery on either side, but they are unilocular, tense, and may cause local hone erosion and

most commonly arises from the left tenth intercostal artery. When enlargement of the spinal canal as well as spinal cord compression.

i ts origin is relatively high or low, there is usually a supplementary 2. Derangements of the normal sequential closure of the neural

supplying vessel to the anterior spinal artery. Small vessels accom_

P

tube and its separation from the dermis and failure of retrogressive

toy the lumbar and sacral nerve roots and form an anastomosis
differentiation of the caudal cell mass, which normally forms the around the conus medullaris. This is potentially capable of supply-filum terminale.

ing the lower cord if the artery of Adamkiewicr is occluded: it may Disturbance of closure of the neural tube produces myelo-
also permit emboli introduced into lumbar vessels to cause meningocele or meningocele.
i schaemia of the spinal cord. Mesoderm prematurely interposed before the neural tube is

The anterior spinal artery is not a continuous vessel in many closed or the caudal cell mass fully regressed, which in normal
patients: the most important watershed is at the periphery of the development would have formed the primative meninx, is induced
Adamkiewicz Supply (Fig. 54.9). to form lipoma between the gaping margins of the tube. The lipoma

In addition, in all regions, a segmental radicular or radiculopial extends through the overlying local defect in the meninges
supply accompanies the posterior nerve roots; some of these give a (lipomyelomeningodysplasia Fig. 54.12), or simply an intra-
medullary component to the peripheral part of the posterolateral medullary lipoma. A little fat in the filum terminale is a frequent
aspects of the cord. From the anterior spinal artery, sulcocomnussm-ol i nsignificant finding with intact overlying meninges.
arteries run through the anterior median sulcus, passing to each side Failure of separation of the neurogenic from the dermogenic
to supply a hemicord. There are several arteries to each segment, ectoderm nay he manifest as a dermal sinus, epidermoid or dermoid
with considerable overlap in their distribution, so that no nervous t umour-.
tissue is dependent on a single penetrating vessel. There is also a
peripheral arterial anastomosis around the cord from which small
arteries supply the outer parts of the white matter tracts.

Veins of the corona/ perimedullary plexus may cause tortuous
curvilinear shadows on the posterior surface of the spinal cordon
supine myelography films as dark flow voids often apparently.
notching the dorsal surface of the spinal cord on MRI when
enlarged, and as small high-signal features on the pial surface
on MRI after intravenous gadolinium even when normal. They
are also shown on carefully subtracted venous phase spinal
angiograms.
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confirmatory; in most cases, however, the division is cartilaginous
or fibrous (Fig. 54.13), and may be absent, especially when the cer-
vical region is involved.

Bony malformations are well shown by CT, and diastematomyelia,
aberrant lamina, and spina bifida are best assessed by using it.
However MRI will generally allow adequate analysis of the spinal
deformities (Fig. 54.14) and is the technique of choice for dys-
raphism requiring full elucidation. It is however true that on plain
CT the low density of fat can reveal the extent of lipomas both
superficial and within the spinal canal, including the infiltration of the
neural placode. Meningoceles and meningomyeloceles will be
shown, but details of intrathecal structures, such as position of the
c,)nus, tethering of the cord, presence of an embryonic tumour or
cyst, and site of origin of nerve roots, will require elucidation by
MRI. Cystic lesions without free communication with the sub-
arachnoid space opacify only on CT sections taken late after myelo-
graphy. MRI is the best technique to show the anatomy of the
brainstem and cervical cord which is are usually affected by a
Chiari malformation (Fig. 54.15) in the presence of meningomyelo-
cele, but usually not in other forms of dysraphism.

In caudal regression syndrome there may be absence of the
caudal spine, which may involve a hemisacrum, the whole sacrum
and/or a variable number of lumbar vertebrae. It is associated with
neurogenic bladder and usually paralysis of some muscles inner-
vated from sacral segments. The conus may he high, or the cord
may end low in a nodular expansion. Low tethering or a
lipomeningocele may be associated.

Plain X-ravs reveal the degree of spina hifida. With overt
meningocele or meningomyelocele, the pedicles and lamina are
splayed in addition to the failure of fusion. If the vertebral bodies
are split, a posterior mediastinal mass suggests an enteric cyst; gas
within the mass confirms a connection to the gut.

Increased width of the spinal canal with retained medial convexity
of the pedicles occurs with diastemaiomvelia. This is a dysraphic
state of unknown cmbryogenesis, but is probably initiated by an
accessory neurenteric canal or neuroentodermal adhesions.
Narrowing of a disc space at the same level and interlaminar fusion
are supportive evidence, and a bony spicule dividing the c anal is

Fig. 54.14 Diastematomyelia, lipoma. (A) Sagittal T,-weighted sequence.
(B) Axial T1 sequence. A posteriorly situated lipoma at L5 and S1 levels
extends through the dura into the subcutaneous tissues. A band extends
from the inferior margin of the posterior surface of the fifth lumbar verte-
bral body into the lipoma. The spinal cord is divided into two unequal
parts, which extend one behind the other through the lumbar region and
which both blend into the anterior border of the lipoma at L5 level, with
the band passing between them.

Fig. 54.13 Diastematomyelia. (A,B) Myelogram. The width of the spinal
canal is increased in the lower thoracic region and it is divided by a bony
spicule at T10 level. There is a long cleft of the spinal cord extending from
the fourth thoracic to the second lumbar levels; the conus medullaris is at
L3/4 disc level. (C) Computed myelogram. Contiguous axial sections of
l ower thoracic region pass through the bony spur which is dividing the
spinal cord and the subarachnoid space.



This may affect two or more vertebral bodies and occurs in about
0.6% of the population. It is distinguished from acquired fusion by
the following features:

1. The fused segments seem generally taller than adjacent
unfused bodies and are reduced in AP diameter, with a tendency to
` wasp waist' at the level of the fusion (Fig. 54.16). The vertebral
bodies tend to retain their fetal morphology on axial sections.

2. The arches are commonly also fused and the intervertebral
foramina are round.

3. Angulation, which is common in postinflammatory fusion, is
absent because there is no bone destruction.

4. Association with spina hifida is not infrequent. Though any
part of the spine may be affected, the cervical region is most com-

Some bony involved. The clinical syndrome of Klippel-Feil-short neck
y malformations arc not associated with malformations

of the CNS. These include reduced nobility, low hairline and Sprengel shoulder-is asso-
ciated with failure of segmentation. Early or accentuated spondylo-

mentation of basiocciput or dens, ossicles near the foramen

sis tends to affect the intervertebral discs adjoining the fused
magnum, ponticles and bipartite facets of the atlas and paracondylar

segment.
and epitransverse processes), clefts of the arch of the atlas, lateral
hemivertebrae, butterfly vertebrae, absent pedicle or lamina, persistent

Plat vbasia, i n which the angle between the central part of the ncurocentral synchondrosis, cleft and hypoplastic pedicles, and
anterior fossa and the clivus (basal angle) is increased to 142° or cleft lamina. Rarely, absence or hypoplasia of a pedicle is a feature
more, has little if any clinical significance. of the mesodermal dysplasia of neurofibromatosis.

Basilar invagination, i n which the normal slope of the posterior Absent pedicle can be mistaken for hone destruction in patients
fossa down to the foramen magnum is reversed, may cause neuraxial with pain or malignancy. In plain films, however, the margins of the
compression or cranial nerve dysfunction. This deformity may he defect arc well corticated and there is generally evidence of more
congenital or acquired in conditions such as rheumatoid arthritis extensive vertebra malformation. In the cervical region this includes
which destroy (basilar erosion) or soften (basilar impression) hone. absence of the ipsilateral superior articular facet and retrolocation
The latter include Paget's disease, osteogenesis imperfecta and osteo- of the lateral mass of the vertebra posterior to those of the other
malacia. Several measurements have been advocated to recognise vertebrae. The adjacent parts of the vertebral bodies and the pedi-

Fig. 54.16 Congenital fusion of cervical vertebrae with spondylosis:
myelogram. Congenital fusion of the fourth, fifth and sixth cervical ver-
tebrae with degenerative changes at discs above and below. Osteophytes at
C3/4 level compress the spinal cord and nerve root sheaths. Osteophytes
at C6/7 l evel compress the root sheaths only.

and quantify the deformity. These however may he abnormal in the
presence of other insignificant anomalies, such as a congenitally
short clivus and therefore a prominent slope of the foramen
magnum.

Atlanto-occipital assimilation (Fig. 55.17) may he associated
with instability at the atlanto-axial joints, with forward slip of the
atlas on flexion. This may result in quadriparesis, sometimes
accompanied by lower cranial nerve palsies and cerebellar dysfunc-
tion, which may be slowly progressive or related to mild trauma.
Fusion of C3 and C2 vertebrae is often associated.

Fig. 54.15 Chiari malformation, syringomyelia. Midsagittal T1 -weighted
section through brainstem and upper cervical region. The cerebellar tonsils
are elongated and extend well below the level of the arch of the atlas. The
medulla is elongated and the depressed dorsal column nuclei are below the
tonsils. The medulla is compressed between the odontoid and the
depressed cerebellar tonsils. There is a syrinx distending the spinal cord
below the inferior border of C2 and there is four-ventricular hydrocephalus.
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Fig 54.17 Atlanto-occipital assimilation: reformatted CT sections in
coronal (A), sagittal (B,C) through condyles and axial (D) planes. The left
occipital condyle and lateral mass of atlas are small, relatively dense and
completely fused. The joint space between the right occipital condyle and
l ateral mass is incomplete. The posterior arch of the atlas is closely applied
but not fused to the skull bone.

cles above and below the malformation are not eroded, which
further excludes a neurolibroma or kinked vertebral artery. In the
t horacic region the ipsilateral posterolateral border of the body of
the affected vertebral is prolonged beyond the normal site of the
ncurocentral synchondrosis and forms an anomalous articulation
with the rib. CT confirms the nature of the defect, showing the
anatomical features to advantage (Fig. 54.18). The position of the
pedicle is filled in by fat which overlies the normal theca; there is
no soft-tissue mass, lack of definition, or irregularity of the bony
margins, as would be usual with inflammatory and neoplastic
processes.

With aplasia of a lumbar pedicle, there is abnormal orientation of
the articular process and thickening of the contralateral neural arch.
Such thickening is also present, though usually less conspicuous, in
the other regions of the spine. It may be associated with sufficient
increase in bone density to simulate a focal sclerosing lesion such as
osteoid osteoma, but the presence of the congenital anomaly is of
itself an adequate cause of the increase in bone density.

Dural ec/asia (Fig. 54.19) may occur as part of the mesodermal
dysplasia of neurofibromatosis; it is commonest in the thoracic

Fig. 54.18 Absent thoracic pedicle: CT. The left pedicle of the seventh region, and may be sufficiently pronounced to form a lateral
thoracic vertebra is almost completely absent. The bone bordering the
defect is corticated and the articulation with the corresponding rib is anom- mettingocele. It also may complicate ankylosing spondylitis, where

alous. The bone defect is filled by fat continuous with the epidural fat out- diffuse ectasia or pocketed localised outpouchings (sometimes con-
li ning the outer margin of the dura, which is in a normal position. taming adherent spinal roots) may be seen, and among the grossest



Fig. 54.19 (A,B) Dural ectasia in neurofibromatosis: myelogram. The sub-
arachnoid space is markedly expanded in the lower half of the thoracic and
upper lumbar regions. The corresponding part of the spinal canal is
markedly expanded in this region and there is erosion of the posterior
borders of the vertebral bodies and of the pedicles.

examples have been seen in connective tissue disorders like
Ehlers-Danlos. These cause well-defined paravertebral masses
associated with widened intervertebral foramina, which are usually
asymptomatic incidental findings but may cause pain. They are of
CSF signal intensity on MRI, and the anatomy is best shown by
this technique. They are also of CSF density on CT, and though
they opacify freely on myclography, the latter is rarely necessary
for diagnosis.

Plain X-rays are first obtained, and in most cases provide adequate
information regarding the presence of major fractures and disloca-
tions. Careful attention to the anatomical alignment will reveal
some abnormalities in all cases with displacement, though these
may be subtle, as in rotatory dislocation with interlocking facets. A

Fig. 54.20 Comminuted fracture of thoracic spine: fractures of the ninth
l ong bone' type fracture should be suspected if trauma occurs in and eighth thoracic vertebrae with anterior subluxation of the eighth. Axial

ankylosing spondylitis. sections through the ninth (A) and the eighth (B) thoracic vertebra, and refor-
The degree of compromise of the spinal canal is well elucidated matted sagittal (C) and coronal (D) sections. There is a comminuted fracture

by MRI and CT (Fig. 54.20); fractures of neural arches and vertical with disruption of the body and neural arch of the ninth thoracic vertebra. A

fractures of vertebral bodies are better shown by CT but horizontal
fragment has been separated from the posterior inferior margin of the body of
the eighth thoracic vertebra and there is anterior subluxation of the rest of the

fractures may only be adequately visualised after reformatting of axial vertebra. The spinal canal is markedly narrowed and the spinal cord is com-
data. Foreign bodies, herniated intervertebral discs, displaced bone pressed by displaced bone fragments. The subarachnoid space is opacified by
and haematoma arc shown and the degree of encroachment into the a blood clot at T9 and T10 levels. (E,F) MRI of cervical spine. Whiplash injury in

spinal canal is evident. Contusion and oedema may obscure soft- road traffic accident 6 months previously. Sagittal sections: T,-weighted (E);
T

2
weighted (F). The spinal canal is narrowed due to spondylosis. A small focus

tissue planes and confuse the distinction between spinal cord of aging haematoma is shown in the spinal cord at CT, possibly an unrelated
swelling and extrinsic compression. cavernoma rather than an evolving haemorrhagic contusion.
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MRI is particulary valuable in showing the extent of spinal cord
damage by contusion, haemorrhage or disruption, and/or the degree

of compression by displaced bone or haematoma. In penetrating
i njuries, the presence of ferromagnetic foreign bodies near the
spinal cord must first be excluded by plain X-rays. In the absence of
MRI, iohcxol myelography and/or CT myelography is performed:
(i) if there is a partial cord dysfunction which is not improving in
the absence of detectable cord compression; and (ii) if there is
significant persisting cord dysfunction after reduction of a disloca-
tion to less than one-third encroachment in the spinal canal.

Traction on spinal nerve roots causes tearing of the arachnoid and
dura of the root sheath, allowing leakage of CSF both along the
course of the torn nerve root and along the epidural space. The fluid
collections are surrounded by compressed areolar tissue and
fibrosis, forming pseudomeningoceles. These are most common in
the cervical region in association with brachial plexus avulsion,
where they may encroach on the apical pleura and be visible as
apical masses on the chest X-rays. Such meningoceles are well
shown by MRI and CT and are outlined on myelography. In large
meningoceles, dilution of contrast medium may detract from the
detail of conventional myelography: the opacification is very ade-
quate for CTM. Nerve roots may be torn without an associated
meningocele, and some roots may he intact when a meningocele is
present. Exact details of anatomy showing these features can be
obtained from myelograms and CTM and from MRI. An extradural
pseudomeningocele may displace the cord hut virtually never
causes signs of cord compression and is not an indication for
surgery.

This may follow penetrating or blunt trauma and may be suspected
when persistent pleural effusion follows the injury or spinal
surgery, especially corto-transversectomy in approaching a thoracic
i ntervertebral disc; occasionally pneumocephalus occurs. The leak
may be confirmed by conventional myelography or CTM.

Fig. 54.21 Old fracture of odontoid peg with non-union and anterior
subluxation. (A) Reformatted sagittal section. (B-E) Axial sections. B is at the
l evel of the upper border of the anterior arch of the atlas, C at the level of
the lower border of displaced odontoid, D through the upper border of the
posterior arch of the second cervical vertebra, and E 3mm below D. The
theca is impressed by the posterior margin of the lower fragment of the
second cervical vertebra, and the spinal cord is deformed and compressed
between it and the posterior arch of the first cervical vertebra. Arrows mark
anterior arch of atlas, odontoid fragment, lower fragment of second cervical
vertebra; arrowhead = posterior arch of second cervical vertebra.

usually associated with disruption of the posterior arch. Isolated
dens fractures without subluxation may be difficult to detect in the
acute stage even with tomography. Failure of union leads to
pseudoarthrosis with an irregular horizontal corticated linear defect
at the base of the dens; this predisposes to anterior subluxation
(Fig. 54.21) with relatively minor trauma.

The maximum normal distance between the cortical margins of the The os odontoideuni is a separate ossicle which becomes
arch of the atlas and the odontoid is 2.5 mm in adults and 5 mm in significant when it carries the whole of the articular surface, with
children. the anterior arch of the atlas being then liable to subluxation with

Atlanto-axial subluxation and dislocation may cause acute or relatively minor trauma. In such cases the odontoid itself is rela-

slowly progressive quadriparesis. tively short, and often maintains its usual superiorly convex corti-
It may be secondary to: cated upper border. The articulation between the os odontoideum

and the dens is above the usual site of the fracture through the dens.

1. Abnormalities of the odontoid process However it is recognised now that most if not all are either old frac-

These are due to: (i) fracture or (ii) congenital anomaly (os odon- tures with remodelling, or aberrent ossification of the cartilagenous

toideum). dens, as in some of the inherited connective tissue disorders, most

Fractures of the dens are relatively common, accounting for especially Morquio's disease and spondyloepiphyseal dysplasias.

about l-2% of all fractures of the spine. They occur through the This anomaly may also be isolated or associated with others,

base of the dens, most commonly due to a hyperflexion injury, including atlanto-axial assimilation.

which generally also fractures the posterior arches of the atlas,
allowing enlargement of the ring of the atlas to take place during 2. Hypoplasia of the dens
anterior subluxation or dislocation without cord compression. Hypoplasia of the dens occasionally complicates complex fusion

Hyperextension fractures are much less frequent, and are also anomalies of the upper cervical spine, but when isolated it usually



Most commonly rheumatoid arthritis but occasionally ankylosing
spondylitis, tuberculous or pyogenic arthritis present with these
symptoms.

Atlanto-axial subluxation occurs in over 6% of patients with
rheumatoid arthritis. The atlas is usually displaced forward, with
variable elements of rotatory and lateral displacement.

The dens may be subtly eroded at its base or markedly waisted,
and eventually be reduced to an irregular spike of bone. Erosion of
the lateral joints is accompanied by descent of the skull with
pseudobasilar impression. The lower joints of the cervical spine
may also be affected by the rheumatoid process, and pannus from
any of the joints may encroach on the spinal canal. Limb joint
affliction may cause difficulty with clinical assessment of neurolog-
i cal disability and of the site of neuraxial compression.

Neuroradiological assessment of rheumatoid patients using con-
ventional myclography may be both difficult and painful. Ideally
such cases are evaluated by MRI (Fig. 54.22). The site, nature, and
degree of compression from bone or pannus are usually elucidated
sufficiently for planning. The degree of instability is still probably
best assessed by X-ray films in flexion and extension of the neck.
CT myelography making reformatted thin sections from just above
the foramen magnum down to the lower cervical region (Fig. 55.23)
also is satisfactory. Plain CT on bone windows is useful to fully
evaluate the integrity of the bones for treatment planning.

4. Presumed laxity of the joint capsules and ligaments
This may occur in association with: (i) pharyngitis or tonsillitis,
particularly i n children; (ii) atlanto-occipital assimilation;
(iii) mucopolysaccharidoses, in which incomplete ossification of
the dens and os odontoideum are a frequent feature.

Fig. 54.22 Rheumatoid arthritis. Sagittal MRI, T 2 - weighted contrast.
Severe erosion of the odontoid, vertical atlanto-axial subluxation and
degenerate subaxial disease with spinal cord damage are shown.

Fig. 54.23 Rheumatoid arthritis with atlanto-axial subluxation. (A,B) CT
axial sections at level of the atlas. (C) Midsagittal reformatted section. There is
erosion of the odontoid peg and anterior subluxation of the atlas; the spinal
cord is compressed by the odontoid peg and posterior arch of the atlas.

5. Spondylolisthesis
Spondylolysis is a descriptive term referring to defects in the region
of the pars intra-articularis of a vertebra, most frequently at the fifth

lumbar level. Such defects, which used to be considered as con-

genital abnormalities, are now thought to be almost always the
result of unhealed stress fractures. Spondylolisthesis indicates ante-
rior or posterior slipping of a vertebra from any cause. It is com-
monly associated with separation of spondylolyses with anterior
slipping of the superior vertebra, which may, but commonly does
not, cause narrowing of the spinal canal.

The fractures in the pars intra-articularis are commonly visible
on the routine lateral film of the lumbar spine but are better demon-
strated on oblique projections or more exactly by CT. The degree of
spondylolisthesis is graded by the fractional shift of vertebral body
on the lateral projection but minor slips are shown on oblique pro-
jections. On the latter the axes of the apophyseal joints are normally
situated progressively slightly more anteriorly as the lumbar spine
is descended; this situation is reversed at the level below a forward

i s a misdiagnosis because the separated dens is either small, mis-
placed or ankylosed to other structures, or remains unossified
( Stevens et al 1994).
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Fig. 54.25 Degenerative lumbar canal stenosis: T 2 - weighted sagittal section
of lumbar spine. There is low signal from all the discs, indicating ageing, but
the decline in intensity is greater in the lower lumbar region due to addi-
tional disc degeneration with dehydration. The lower lumbar discs are nar-
rowed and there is anterior subluxation of two vertebral bodies, with minor
posterior protrusion of the annuli impressing the anterior surface of the
theca. There is more prominent impression of the posterior surface of the
theca due to infolding of the posterior ligaments associated with apophy-
seal osteoarthritis. The combination is causing degenerative canal stenosis.

In all types of spondylolisthesis the intervertebral disc at the level
of the slip projects posterior to the plane of the displaced body; this
should not be misinterpreted as significant disc prolapse or pro-
trusion unless there is considerable encroachment on the epidural
fat between the disc and the theca or root sheath.

Acute epidural haematoma
This condition may present with local and/or radicular pain, usually
soon followed by signs of spinal cord or root compression. There
may he a history of trauma, antecedent lumbar puncture, anti-
coagulation, aspirin therapy, hypertension or a blood-clotting dis-
order. It may also rarely be due to an angiomatous malformation.
CT may be diagnostic if an extradural mass with attenuation of
around 60 HU is shown. MRI is the elective study: intensity pat-
terns will suggest the diagnosis and the degree of narrowing of the
theca and neuroaxial compression will be shown. Myelography
classically reveals a long extradural compression, generally from
the posterior aspect of the spinal canal (Fig. 54.26).

Fig. 54.24 Spondylolisthesis of the fourth lumbar vertebra at CT. (A,a) At
the level of the pedicles and superior articular facets. (B,b) Through frac-
tured pars intra-articularis. Images are made at window setting appropriate
to show both soft tissue and bone. Note that the forward slip of the body
of L4 has elongated the sagittal diameter of the spinal canal; there is no
nerve root compression.

slip. On CT the fracture in the pars is at the level of the pedicles; it
has irregular margins and adjacent sclerosis (Fig. 54.24), features
which should serve to distinguish it from the apophyseal joints
which cross the plane of, and are imaged at the level of, the inter-
vertebral discs. The degree of slip and neural compromise is also
shown on MRI. However, lack of signal from sclerotic but intact
bone may occasionally simulate a break.

Stress fractures may heal after spondylolisthesis has occurred,
and the partes interarticulares are then elongated and sometimes

sclerotic.
Spondylolisthesis can also occur as a result of:

I. Trauma.
2. Pathological fractures or bone softening, as for example in

Paget's disease or osteogenesis imperfecta. In such cases the abnor-
mality causing the slip may affect partes interarticulares or pedi-
cles.

3. Congenital dysplasia of the superior articular facets of the
sacrum. In this case severe forward slipping is often associated with
considerable deformity of the upper border of the sacrum and of
the inferior margin of the fifth lumbar vertebra. Since the whole of
the fifth lumbar vertebra is displaced anteriorly, it is easily distin-
guished from the common type.

4. Disc degeneration and osteoarthritis of the apophyseal joints.
This is a common cause of lateral recess stenosis and clinically may
stimulate disc prolapse (Fig. 54.25).

Such appearances on plain X-rays are generally due to neoplasm or
i nflammation. Inflammatory lesions tend to extend through the
i ntervertebral discs (Fig. 54.27) and the contiguous bone, and to
form paravertebral swellings which spread along soft-tissue planes.
Less often, apophyseal joints are involved. On MRI the inflamma-
tory exudate causes increase in T, and T, throughout the affected
region. The disc returns high signal on T2-weighted sequences, with
diagnostic loss of the low-signal cleft, which is a feature of the
normal annulus. The vertebral end-plates become indistinct and lost
on T, weighted images early in the process. In tuberculosis, a low-



Fig. 54.27 Pyogenic infection, L5/S1 disc. (A) Axial section at level of L5;
(B) at level of S1. (C) Axial reformatted section. The bone is destroyed adja-
cent to the disc space, leaving a large cavity with adjacent sclerosis around
the disc. There is no intraspinal extension.

Staphylococcus and Streplococcus are implicated but many other
organisms, including Actinomvces, Blasturttvccs, Coccidio ides,
typhus and Brucellu, also cause spinal osteomyelitis. Brucella tends
to cause extensive sclerosis.

4. The tendency of tuberculosis to be multifocal in the spine.
5. The tendency of tuberculosis to cause deformity, especially

gibbus formation.

Fig. 54.26 Acute intraspinal haemorrhage. Sagittal (A) and axial (B) MRI
with T,-weighted contrast. The extensive posteriorly located haematoma is
well shown. This one probably is subdural in location, and was spontaneous.

density abscess expanding psoas or other muscles may also be
shown. Malignant neoplastic destruction tends to respect the inter-
vertebral discs, and soft-tissue masses tend to be confined by the
periosteum.

Paravertebral swellings may he evident on plain films. In the cer-
vical region, widening of the retropharyngeal space (normally
under 0.75 cm) or retrotracheal space (normally up to 1.5 cnm in
children and 2.25 cm in adults) may be caused; in the thoracic
region the paramediastinal pleura is displaced laterally. They are
better shown by CT or MRI (Fig. 54.28), which are valuable com-
plementary studies, particularly in the lumbar region.

Distinction between tuberculous and pyogenic inflammation may
be suggested by:

1. The presence of associated lesions in other organs, especially
the lung, urinary tract and other hones in tuberculosis.

2. The tendency of untreated tuberculosis to induce less bone
formation, to produce cold abscesses extending along muscle planes Fig. 54.28 Neurofibroma: axial section, cervical region, T 1 -weighted
and beneath the anterior spinal ligament, eroding contiguous bone. sequence. There is a slightly lobulated mass grossly enlarging the left inter-

3. The tendency for pyogenic organisms to induce sclerotic bone vertebral foramen and eroding the adjacent bone. An intraspinal compo-

reaction within the vertebral bodies and under the elevated perios- nent of the mass displaces the theca and spinal cord toward the right and
compresses them. A paravertebral component forms a mass displacing the

t eam. The various organisms cause generally similar reactions, deep cervical muscles. The extent of this dumb-bell neurofibroma is evident
which require bacteriological study for distinction. Commonly from this single study.
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Metastases
The commonest tumours affecting the vertebrae are metastatic.
Those from the breast and prostate and neuroblastoma frequently
i nduce sclerotic bone reactions (Fig. 54.29), also a feature of lym-
phoma and histiocytosis X. Sclerotic vertebra plana in children is
characteristically due to the cosinophil granulomatous form of
histiocytosis X.

Most metastases, including those from the commonest primary
neoplasm, a bronchial carcinoma, are lytic; multiple myeloma,
Burkitt's lymphosarcoma and Ewing's sarcoma cause similar
destructive lesions, though the latter may cause periosteal reaction
and bone expansion. In common with most tumours, metastases
cause increase in T, (low signal) and Tz (high signal) at M7R1.
Melanoma is an exception; melanin is paramagnetic and may cause
l ow signal on T2-weighted sequences. The bone lesions and soft-
tissue components, including any thecal compression, are well
demonstrated on MRI.

Hydatid cysts
These are responsible for less than 1.0% of inflammatory spinal
lesions but important because their radiological appearance is sug-
gestive. In bone, hydatids spread slowly through intertrabecular
spaces by exogenous vesiculation, passing through the periosteum
into the soft tissues. In the spine, the thoracic region is most com-
monly affected, and the disease tends to involve adjacent vertebrae
and ribs and to spare the intervertebral discs. The cysts cause
bubble-like round or lobulated circumscribed lytic lesions in the
bones, with virtually no sclerotic reaction, and adjacent soft-tissue
masses which tend to be extensive and cause extradural com-
pression of the spinal theca.

Fig. 54.29 Metastasis CT. Sclerotic metastases involving the right side of
the sacrum were shown by plain films but are seen more clearly by axial CT.
This also shows bone destruction around the right sacral foramen and a
vertical pathological fracture through the body of the sacrum.

It should be noted that, although focal neoplastic changes are well
shown, diffuse infiltration of marrow may be more difficult to recog-
nise until T, and T z i ncreases are pronounced. Following deep X-ray

therapy, T, is decreased, probably due to fat replacement of haemo-
poietic tissue. Haemosiderin deposits after multiple transfusions of

blood cause low signal on T z-weighted sequences due to susceptibility

changes.

Fig. 54.30 (A) Osteoblastoma of cervical spine. The right pedicle and lateral mass of the sixth cervical vertebra are enlarged and sclerotic, with an
irregular central low-density nidus. (B) Osteoid osteoma. CT scan of mid-thoracic spine. There is sclerosis with focal expansion involving the left lamina. The
tumour encroaches on the epidural space and contains a small nidus which is of low density.



Osteoblastoma and osteoid osteoma
In the spine these tumours involve the neural arch; they may present
with local or referred pain as well as cord compression. Sclerosis
and expansion of the affected part of the neural arch may be better
demonstrated with CT than plain X-rays (Fig. 54.30); a low-density
nidus with or without a sclerotic centre is generally evident on CT.

Spinal chordomas (Fig. 54.31)
These primary tumours arise from notochord remnants, but usually
become manifest in middle age; they are commoner in males. The
majority (50%) involve the sacrococcygeal region, and only 1 5%
arise in the remainder of the vertebral column, the rest originating
i n the clivus. The tumour causes hone lysis, which tends to involve
several segments of the spine and to be associated with expansion.
Calcification or residual bone fragments within the tumours, and
some sclerotic reaction are not infrequently present. CT and MRI
are particularly valuable in delineating the extent of the sacral chor-
domas, which may be entirely below the level of the spinal theca;
higher tumours cause non-specific extradural compression.

Fig. 54.32 Haemangioma of bone, lateral lumbar spine. The secondary
trabeculae of the body of the second lumbar vertebra are thickened; the
vertical striate appearance is typical of a haemangioma.

Fig. 54.31 Sacral chordoma. (A) A fairly well defined region of destruction
i nvolving the bodies and left lateral masses of the lowest two segments of the
sacrum. (B,C) CT sections through the fourth and fifth segments of the sacrum. A

mass of density slightly lower than that of muscle is expanding and destroying the
bone of the bodies and left lateral masses of the fourth and fifth segments of the
sacrum. (Contrast in loops of small bowel).
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Fig. 54.33 Paget's disease. (A) Lateral thoracic spine. The body and neural arch of the twelfth
thoracic vertebra are enlarged and the bone texture is abnormal. (B,C) CT axial sections, lower
dorsal vertebra. Note abnormal irregular bone texture throughout the vertebral body, neural arch
and appendages; the whole vertebra is slightly enlarged.

some spinal root and spinal cord compression in up to 20% of
asymptomatic older subjects. Therefore it is usually asymptomatic.
Despite a considerable literature linking specific appearances to
specific clinical features, it should be recollected that evidence for
such linkages is purely circumstantial. Entrapment neuropathies due
to extruded disc material and some cases of spondylotic myelopathy
arc clear exceptions however. Imaging is prioritised appropriately to
demonstrate involvement of neural tissue.

Spondylosis is a useful general term for this process caused by wear
and tear, though it is most often used when describing the cervical
spine. The process involves the intervertebral discs, vertebral bodies
and facet joints usually all together but to varying relative extent.

The process becomes of particular relevance to neuroradiology when
the spinal cord or roots become affected. It is the commonest cause
of entrapment spinal neuropathy and of neurological disability due
to spinal cord disease. It is extremely common, being virtually uni-
versally present in the over sixties, and it is associated with at least

Disc prolapse
Extrusion of the softer material from within an intervertebral disc
into or through a posterior or posterolateral radial tear in the
annulus fibrosis is a common cause of neural involvement_ This
takes the form of a focal broad-based bulge in the margin of the
annulus, or a focal mass extending upwards or downwards in the

anterior epidural space. Far lateral protrusions or extruded frag-
ments involve the intervertebral foramena, not the spinal canal.
They arc commonest in the lumbar spine.

These lesions usually are well shown by CT and MRI. Disc
material is denser than CSF in the thecal sac and is clearly visible
against epidural fat on CT (Figs 54.34-54.36). There is a danger
that a very large extrusion, which fills the spinal canal, will be over-
l ooked on CT, because the disc material may closely resemble the
thecal sac, and the density difference between it and CSF may not
be appreciated. On MRI extruded fragments often are brighter than
parent disc substance in T,-weighted images, and may enhance
after intravenous gadolinium; sometimes they are heavily calcified,
which is usual in the thoracic region. MRI is more reliable than CT
at demonstrating soft disc protrusions in the cervical spine, where
there is less epidural fat. Myelography or CTM should be required
rarely in modern departments. Only CT or MRI will demonstrate
far lateral protrusions. Plain X-rays commonly are normal or show
non-specific changes, such as reduction of disc space or changes in
vertebral alignment due to muscle spasm.

A high proportion (70%) of extruded, soft-tissue fragments,
usually yielding a higher signal than the parent disc on MRI, dis-
appear spontaneously, usually within 3 months (Fig. 54.36).

Vertebral haemangiomas
These usually asymptomatic tumours are diagnosed by observing
the characteristic increase of prominence of the secondary bone tra-
heculae of the vertebral body causing a striate or honeycomb
pattern (Fig. 54.32). Haemangiomas are commonly associated with
regions of fatty change in marrow, causing lowering off, and high
signal on T,-weighted sequences. T, is increased, with high signal
on T,-weighted sequences: regions of signal void can occur occa-
sionally if there is high flow. Uncommonly, expansion of the
affected vertebra may cause a paravertebral swelling and symp-
tomatic extradural compression shown on MRI or myclography.
The extent of the abnormality is well shown on MRI or CT.
Angiography and cmbolisation of the feeding arteries may reduce
the morbidity of laminectomy.

Paget's disease of bone
This commonly involves vertebrae, usually affecting the neural arch
and appendages in addition to the body (Fig. 54.33). The coarse tra-
becular structure and expansion of the whole vertebra are charac-
teristic features, and the body often loses height due to softening.
Encroachment on the spinal canal is an infrequent cause of com-

pression of the spinal cord or cauda equina; myelography shows
non-specific extradural compression, whereas MRI shows the bone
thickening in addition.



Degenerative change
Loss of normal tension or volume in the nucleus pulposus tends to
cause circumferential bulging of the annulus fibrosus and tension
on the periosteum, resulting in osteophytosis and marginal sclerosis.
These changes are most frequent in the lower cervical and lower
l umbar regions and are accompanied by disc narrowing and altered
stresses on the apophyseal joints, resulting in osteoarthritis. They
are revealed by plain X-rays and CT. Reactive changes of three
types occur in the adjacent vertebral bodies, and are well shown by
MRI (Modic et al 1988). Degeneration in ligaments can lead to
fibrocartilaginous metaplasia, calcification, ossification or myxoma-
tous degeneration, all of which can result in diffuse thickening or a
focal mass which may compress neural tissue. This process can
involve the posterior longitudinal ligament, the cruciform ligament
at the craniocervical junction, the ligamenta flava and the capsular
ligaments of the facet joints. It includes entities such as ossification
of the posterior longitudinal ligament (OPLL) (Fig. 54.37), retro-
odontoid pseudo-tumour, ossification of the ligamentum flavum;
synovial cysts can also be accommodated in this category.

Accelerated degenerative changes are seen in such conditions as
ochronosis and Charcot spine. Destructive discovertebral lesions
due to non-specific degenerative processes may be seen at one or
more levels in ankylosing spondyltis, rheumatoid arthritis, chronic
renal failure (dialysis) or as isolated phenomenon. The process is
distinguishable from infection on MRI by absent or non-uniform
high signal in the involved disc, and irregularity or fragmentation of
the vertebral end-plates rather than destruction.

Fig. 54.34 Far lateral lumbar disc prolapse. (A,B) CT axial sections. (A)
Through L3/4 disc space, showing a soft-tissue mass contiguous with the
right posterolateral aspect of the disc, encroaching into the intervertebral
foramen and extending lateral to it. (B) Section 6mm higher than A, and at
level of the lower part of the body of the third lumbar vertebra. The disc
prolapse forms a soft-tissue mass in the path of the emerging right L3 nerve
root, which is not visible due to the absence of epidural fat. The left L3
root (arrow) is clearly shown. (C,D) MRI L4/5 l ateral disc prolapse. Sagittal
T 1 -weighted sections. Encroachment of prolapsed disc substance into the
L4/5 i ntervertebral foramen obliterates the epidural fat around the emerg-

i ng nerve root.

Plain X-rays show most of the features of degeneration. If the
measured sagittal diameter of the spinal canal in the cervical
region is less than 10 mm, the spinal cord will be compressed.
Deformation of spinal and intervertebral canals is best shown in
axial sections on CT or MRI, the latter permitting direct visualisa-
tion of the effects on neural structures. As in the case of disc pro-
lapse, myelography and CT myclography should only rarely be
required in modern departments.

With the exception of focal masses directly compressing spinal
roots, clinicoradiological correlation generally is poor, even with
MRI. Bony stenoses of intervertebral foramena only rarely are focal
enough to suggest the probability of surgical cure. Compression or

moulding of the spinal cord by osteophytes in cervical spondylosis
also correlates poorly with the presence and severity of clinical
myelopathy. However, MRi often presents direct evidence that
compression is damaging cord substance, in the form of focal signal
changes in the spinal cord at or minimally below the relevant inter-
vertebral level. The signal change is deep within the cord, often
si mulating accentuation of the central grey matter, unlike plaques of
demyelination for example, which usually extend to the pial
surface.

Postoperative changes
Recurrent myelopathy and/or radiculopathy after surgery may be
discogenic or reactive. Distinction is usually evident on CT and/or
MRI, with either a typical mass continuous with, and having char-
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Fig. 54.35 Extruded (sequestrated) disc protrusion. (A) Sagittal T 2- weighted section of lumbar spine. The L4/5 disc space is narrowed and the signal
returned from the nucleus is decreased. There is a slightly lobulated extradural mass behind the L4/5 disc and upper half of the body of the fifth lumbar
vertebra which is compressing the spinal theca. The signal returned from it is similar to that of the normal L3/4 nucleus. It was an extruded fragment
removed at surgery. Such fragments commonly give higher signal than the damaged disc from which they originate. (B-E) Sequestrated lumbosacral disc
prolapse. T,-weighted sections lumbar spine: B,C sagittal; D,E axial. The disc fragment extends behind the upper part of the right side of the body of the
sacrum. It displaces the first sacral nerve root posteriorly and erodes the sacral body.

Fig. 54.36 Extruded frag-
ment from a degenerate L3/L4
i ntervertebral disc. (A,B) Sagit-
tal and axial MRI with T2

-weighted contrast. A large
migratory extruded disc frag-
ment ascends on the right
behind the L3 vertebral body.
(C,D) Sagittal and axial MRI 8
weeks later shows spontaneous
resolution of the extrusion.

actcristics of, disc substance in the former, or a contracting lesion Spinal stenosis
extending around the affected part of the theca and/or nerve root Although applicable in all regions, this term is most often used
and continuing into the soft tissue in the latter. On T,-weighted when describing changes in the lumbar spine. It is a feature of con-
MRI, disc usually returns higher signal than scar, in which signal ditions such as achondroplasia and acromegaly, where even mild
decreases with ageing. Recent scar enhances immediately but old degenerative changes produce severe multilevel stenoses, especially
scar much less and more slowly. Disc fragments usually do not in the lower lumbar region.
enhance but may do so minimally and slowly. Gadolinium- The term stenosis should be used with caution, because it has a
enhanced MRI appears to be more accurate than enhanced CT in tendency to become a diagnosis when it may be inappropriate.
this assessment. Clinical correlation only becomes good when the lumbar spinal



Fig. 54.38 Lumbar spinal canal stenosis with entrapment of the cauda
equina. Sagittal MRI with T 2 - weighted contrast showing stenosis of the
spinal canal at L4-L5; CSF signal is excluded at the level of the stenosis, and
there is redundant coiling of many of the intradural spinal roots above.

Fig. 54.40 Syringomyelia. Parasagittal T,-weighted sequence. The low-
signal subarachnoid CSF outlines the expanded spinal cord and also the
i ntramedullary cyst, which shows a typical lobulated appearance. One of
the cerebellar tonsils is outlined with its lower pole extending to the level of
the arch of the atlas.

canal is very narrow: cross-sectional area even less than 110 mm'- veins (Fig. 54.38). The lateral part of the spinal canal, sometimes

on CT (Ullrich et al 1980), or narrow enough to eliminate CSF referred to as the lateral recess, often is the most affected, usually

signal on T,-weighted MRI; an additional sign of entrapment of the mainly due to hypertrophy of the facet joints (Fig. 54.39). However,

cauda equina is redundant coiling of intradural roots above the with the exception of S I the spinal roots are within the thecal sac as

slenotic level on MRI, occasionally mistaken for dilated intradural they cross the disc and simply are displaced medially rather than

Fig. 54.39 Canal stenosis. CT sections through lumbar spinal canal. Note
the short pedicles (bottom right image) and medially placed apophyseal
j oints. The combination causes marked reduction of the sagittal diameter of
the lateral parts of the spinal canal, which is further compromised by
osteoarthritic changes in the apophyseal joints.

Fig. 54.37 Ossification of the posterior longitudinal ligament. Sagittal (A)
and axial (B) MRI with T 2 - weighted contrast. The axial image is between
the intervertebral discs and shows the large low-signal thickened ligament
l ooking somewhat like a mushroom.
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Ependymomas
These generally very slowly growing gliomas comprise about two- Fig. 54.43 Multiple sclerosis. An axial T 2 -weighted MRI at C6 shows a
thirds of all intramedullary tumours, being especially frequent in typical plaque in the right lateral column, reaching to the pial surface of the
the dorsolumbar region. They may involve the filum terminale, spinal cord.

Fig. 54.42 Intradural lipoma. T1 -weighted MRI. Sagittal section through
posterior fossa and upper cervical region. The posterior fossa and foramen
magnum are normal. There is a large mass returning high signal and typical of
fat. It lies within the subarachnoid space posteriorly, enlarging the spinal canal
and displacing the spinal cord anteriorly. The spinal cord is markedly thinned
and the cord substance appears to be almost completely replaced by fat over

Fi end ittal and axial with T2-weighted
most of the extent of the tumour. The appearances are typical of a large

Fig. 54.41
Ep

ymoma. Sag (A) (B)
MRI

i ntradural and partially intramedullary lipoma. These tumours typically extrude
contrast shows an extensive tumour filling much of the lumbosacral spinal from the posterior surface of the cord between the dorsal columns.
canal and cavitated spinal cord above.

entrapped. On conventional myelograms the thecal sac assumes a i ncluding the extradural part within the sacrum, and cause enlarge-
waisted appearance at such levels. went (sometimes massive) of the spinal canal similar to that seen in

giant neurofibromas. Such tumours may blend superiorly with the
expanded lumbodorsal cord or simulate an intradural extra-
medullary mass, which may be amenable to almost complete
surgical removal (Fig. 54.41).

Astrocytomas
These tumours account for about 30% of cord gliomas, but are rela-
tively more common in children. They may cause focal or extensive
expansion of the cord, sometimes continuing into the brainstem, and
like ependymomas may have a considerable cystic component.
Expansion of the spinal cord tends to he less marked than with
ependymomas.

Syringomyelia
This describes a predominantly glial lined fluid-filled cavity or
cavities filled within the spinal cord usually centred on the central
canal but extending into the dorsal columns through the white com-
missure. They may be cylindrical and extend through most of the
spinal cord, or fusiform where only a localised number of segments
are involved. They may enlarge the spinal cord, or be collapsed with

normal or small cord size. About 80% of the extensive type are associ-
ated with a Chiari I malformation. Most of the rest are idiopathic. A
small number are post-traumatic, or postarachnoiditic, and occasional
reports in the past have linked them to a variety of other conditions
though with less clarity. Identical cavities commonly extend through
otherwise uninvolved above and below intramedullary tumours, espe-
cially haemangioblastoma (Fig. 54.40).

The cavities are well shown by MRI, together with their
causative lesions; intravenous gadolinium may be necessary to
exclude tumours in idiopathic cases. Plain CT may show them, but
generally CTM is required, with imaging early and late (6 or 10
hours) after contrast administration.



Fig. 54.45 Neurofibromatosis with multiple tumours. Sagittal T,-weighted MRI sections. (A) Posterior fossa and cervical region. (B) Thoracic region.
(C) Cervical region after gadolinium enhancement. (D) Thoracic region after gadolinium enhancement. The patient has neurofibromatosis and there are
multiple tumours. Some are intradural extramedullary schwannomas. A good example is shown anteriorly at C2 level. The upper border of this tumour is
outlined against the cerebrospinal fluid, but its posterior border blends with the spinal cord which gives signal of similar intensity. The extent of this tumour
i s evident on the enhanced scan. Some of the tumours are extradural. An example is shown posteriorly in the mid-thoracic region B; the upper and lower
borders are outlined against the extradural fat behind the spinal cord. The anterior margin is only slightly denser than the cord substance. After injecting
gadolinium (D), the tumour is enhanced. Its anterior border, which is compressing the dura and the cord, is more evident but the intensity of signal from
the enhanced tumour is similar to that of the epidural fat, making the upper and lower limits more difficult to define. An intramedullary tumour is also
present, expanding the cord in the lower dorsal region. The margins are not distinguished from cord substance on the plain scan B but are evident with
ring enhancement after gadolinium (arrow in D).

Other types of intramedullary glioma and sarcoma occur, but
cannot generally be suspected prior to histological evidence. An
exception is melanoma, which may give low signal due to suscepti-
bility changes on T7 - weighted MRI sequences related to the pres-
ence of melanin.

Lipoma and dermoid
These may be associated with dysraphic features and CT may show
l ow density within the fat; T i - weighted MRI reflects high sig-
nal which is pathognomonic in the clinical context (Fig. 54.42).
Dermoids are often extramedullary and in about 20% a dorsal
dermal sinus is demonstrable by MRI.

Haemangioblastoma
This constitutes about 5% of intramedullary tumours, but it is po-
tentially curable by surgery and can be diagnosed by spinal angio-
graphy. This tumour should be suspected in patients: (i) with
previous manifestations or a family history of von Hippel-Lindau
syndrome, especially cerebellar tumours or retinal angiomas;
(ii) with extensive serpiginous defects in association with intra-
medullary swelling, especially in the absence of obstruction of the
subarachnoid space. In our experience about a third of such cases
will have haemangioblastomas.

The intramedullary swelling is commonly extensive, due to cyst
formation. The tumour nodule reflects low signal on T,- and high
on T2- weighted sequences and enhances markedly with gadolinium.
If MRI is available angiograms usually arc not necessary. The
haemangioblastoma opacifies densely at angiography, usually
as a homogeneous nodule, but sometimes as a ring density with

central necrotic or cystic change. In contrast to angiomatous mal-
formation, it tends to retain the contrast medium into the venous
phase, but there may also be arteriovenous shunting through it (see
Chapter 57).

I nflammatory lesions
The spinal cord frequently is involved in multiple sclerosis (MS)
(Fig. 54.43). Plaques generally are limited in extent and involve the

NEURORADIOLOGY OF THE SPINE 1667

Fig. 54.44 Myelogram neurofibroma. (A) AP projection. (B) Oblique pro-
j ection. The tumour is intradural on the right side at C4/5 level and its
margins are clearly outlined by the contrast medium in the subarachnoid
space which is widened around the tumour. The spinal cord is compressed
and displaced by the mass.

dorsolateral regions most commonly, extending right to the pial
surface. Mild swelling is associated with acute lesions. The lesion
of acute transverse myelitis usually is far more extensive and
involves most of the cord cross-section, with more swelling pro-
gressing to atrophy over time. Far more rarely intramedullary
abscesses (usually associated with dermal sinuses), tuberculous or
sarcoid granulomas, HTLV- I or other viral lesion, and schisostomi-
asis of the lumbar enlargement are encountered (Fig. 54.5).
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Fig. 54.46 Meningioma. (A,B) Myelogram. A par-
tially calcified mass forms a slightly irregular defect
within the theca on the left side posteriorly in the
upper thoracic region and compresses the spinal cord.
(C,D) Computed myelogram. The calcification within
the tumour is mainly peripheral and is well shown on
D, where the subarachnoid space is almost totally
occluded. On C, the irregular medial margin of the
tumour is shown, together with the flattened spinal
cord, which is displaced anteriorly and towards the
right. (E-G) Cervical meningioma-MRI: T2 -weighted
E; T,-weighted F; T,-weighted after gadolinium G. The
tumour has a broad base on the dura anterior to the
spinal cord which is displaced posteriorly and com-
pressed. The tumour returns high signal on T 2 -low on
T,-weighted, and enhances markedly.

I nfarction
Acute arterial and venous infarcts usually involve long segments of
the spinal cord substance usually intensified centrally. Infarcts are
shown only by MRI, as extensive signal change with mild swelling
progressing to atrophy. Acute infarcts usually are more extensive
even than acute transverse myelitis but ambiguity can exist in clini-
cal contexts. They are seen most commonly after thoraco-abdomi-
nal aortic aneurysm repair and thrombosis of dural arteriovenous
fistulas and their draining veins.

Other systemic disorders
Subacute combined degeneration of the spinal cord in congenital
and acquired vitamin B,, deficiency or dysmetabolic states results
i n extensive lesions in the dorsal and lateral columns, often hut not

Meningiomas
These are especially frequent in the thoracic segment of the spinal
canal (over 80%) and in the high cervical-foramen magnum region.
The majority (over 80%) occur in middle-aged women. The
tumours may be partly calcified and are generally entirely intradural

These are outlined in the subarachnoid space and tend to widen the
space around them by acting as wedges, displacing and flattening the
spinal cord and/or nerve roots, and tending to cause local expansion of
the spinal canal. Such masses are likely to be benign tumours, usually
neurolibromas or meningiomas (Figs 54.44-54.46).

All these lesions are well shown only by MRI. Some can be always visible on MRI. More acute lesions may be associated with
difficult to distinguish from intramedullary tumours. Enhancement swelling and enhancement after intravenous gadolinium adminis-
of the meninges after intravenous gadolinium can be helpful to indi- tration. Striking signal change confined to the dorsal columns may

cate inflammation in some of the rarer conditions though not MS or be seen as a consequence of selective destruction of primary

acute transverse myelitis. sensory neurones in the dorsal root ganglia in Sjdgren's syndrome.
The spinal cord may also be involved in Bchcet's disease.
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and compressing the cord. The lumbar and cervical regions are
l ess frequently affected, but any suspicion of the diagnosis is a
contraindication to spinal puncture in the involved segment.

Unusual extradural masses include:

1. Extramedullary haemopoiesis. This occurs in severe
anaemias, especially thalassaemia, and both extensive paravertebral
masses and bone changes secondary to marrow hypertrophy will he
evident.

2. Increase in epidural fat in patients on prolonged steroid
therapy. The nature of the compression is evident on CT and/or
MRI, and is rarely if ever significant.

(over 90%); extradural involvement should suggest the possibility
of malignancy. Meningioma tends to reflect MRI signal in much the
same way as neural substance, but is clearly defined by marked
enhancement after gadolinium injection.

Neurofibromas (schwannomas)
These usually arise from a posterior nerve root; about two-thirds
are entirely intradural, the rest being either entirely extradural or
having an extradural component which sometimes enlarges an
intervertebral foramen.

They tend to occur in younger patients than do meningiomas, and
have no predilection for either sex. They usually reflect high signal
on T,-weighted and low on T,-weighted MRI sequences and

enhance with gadolinium. Neurofibromas are often relatively larger
than meningiomas by the time they present with cord or root com-
pression, especially those in the lumbar canal or with a paraspinal l. pachymeningitis, which previously occurred as a complica-
extension, which may be massive tumours causing extensive bone tion of syphilis, but is usually now an exceedingly rare fibrosis of
erosion. Spinal tumours very uncommonly present with subarachnoid the dura of unknown aetiology.
haemorrhage or raised intracranial pressure; ncurofibroma is most 2. Neoplastic infiltration by carcinoma or lymphoma.
frequently implicated and ependymoma less often. 3. Deposition of mucopolysaccharides, when metabolism of

these substances is abnormal due to any one of a group of inherited
Multiple intradural masses enzyme defects. Typical clinical and biochemical abnormalities
These may be: (i) neurofibromas, or less frequently meningiomas, have usually been established by the time that cord compression
which may occur in combination with each other and with gliomas occurs.
i n patients with neurofibromatosis; (ii) metastases from a malignant 4. Extension of intracranial thickening of various causes.
neoplasm of central nervous tissue, most commonly a medulloblas-
toma; or (iii) metastases from a systemic primary, especially carci-
noma of the breast or bronchus, which occur most frequently on
the cauda equina. Suspected meningeal spread of malignancy may
require intravenous contrast for visualisation even on MRI.

These displace the theca away from the bony margins of the spinal
canal and tend to compress the theca and nerve root sheaths.
Only by considering the history and observing any local bone
and/or soft-tissue changes may the traumatic, neoplastic, inflam-
matory or other nature of the lesion be determined.

A disc protrusion is generally suspected from the acute or recur-
rent history of pain and the position of the extradural impression,
which is often, but by no means always, anteriorly placed in the
spinal canal and in part opposite a disc.

A previously established or currently evident extraspinal neo-

plasm, especially in the presence of single or multiple foci of abnor-
mal bone or radionuclide uptake, is strong evidence that an
extradural mass is metastatic. However, radiological evidence of
bone change is sometimes absent and the possibility of complicat-
i ng haematoma or infection should be considered if the patient is
receiving chemotherapy.

Direct extension of retroperitoneal tumours, especially lymphomas

or neuroblastomas, is generally evident on CT and/or MRI. Rarely,
advanced retroperitoneal fibrosis affects the extradural space and
compromises neural function.

Extradural abscesses are usually localised extensions from disease
of the spine; they may complicate septicaemia or be metastases
from a distant known focus of infection, or apparently occur in iso-
l ation. They usually spread in the relatively unconfined segment of
the extradural space in the thoracic region dorsal to the spinal cord,
forming a long, smooth swelling, deviating the theca anteriorly,

Fig. 54.47 Spinal dural arteriovenous fistula with intradural drainage.
Sagittal (A) and coronal (B) MRI with T2 - weighted contrast in the cervical
region showing markedly enlarged intradural veins.
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Fig. 54.49 AVM of the spinal cord. (A) Left vertebral angiogram. (B) Left
sixth intercostal angiogram. The AVM is at the cervico-thoracic junction. It
i s supplied (A) from above by the enlarged anterior spinal artery descend-
ing from the cervical region and (B) by an enlarged tortuous vessel, pre-
sumably a posterior spinal artery, ascending along the posterolateral aspect
of the cord.

regions, but they may he at any level from the sacral region to the
foramen magnum. They are often related to a nerve root and are
supplied by one, or occasionally two or three, radiculopial arteries,
and drain through one or two veins to the coronal plexus. These
fistulas are eminently suitable for embolisation procedures or
surgery.

Angiomas of the spinal cord itself (Fig. 54.49) have a wider age
range, not infrequently presenting in childhood, sometimes acutely
with haemorrhagc. They involve any region of the spinal cord, most
frequently the cervical, and tend to have multiple feeding arteries,
often including the anterior spinal artery.

Fig. 54.48 Dural arteriovenous fistula, left second lumbar angiogram. (A)
AP projection. (B) Lateral projection. The fistula is on the left side of the
dura at L2 level and it drains superiorly through a vein ascending along the
posterolateral aspect of the subarachnoid space to enter the posterior
coronal venous system at T12 level. Veins then pass around the left side of
the cord to fill the anterior coronal plexus also. Large arrow = fistula; small
arrows = draining vein.

All these conditions cause concentric narrowing of the subarach-
noid space which may give rise to difficulty with spinal puncture.
They are well shown by MRI, but may requir intravenous contrast.

Cyst-like dilatations of nerve root sheaths are a common normal
variation, especially in the lumbar and sacral regions. Such root
cysts and another anatomical variation, the conjoined root sheath,
containing the nerve roots for two or more adjacent levels, have
assumed significance because on plain CT they may superficially
simulate an extruded disc fragment; the latter is, however, always
more dense than CSF.

The term 'arachnoid cyst' refers to two separate conditions:

1. Intrtulural arachnoid cyst: loculated and expanding collec-
tions of CSF, usually within or adjacent to the septum posticum,

An arteriovenous malformation or fistula draining into the spinal
venous plexuses generally causes prominent dilatation of the veins,
which become abnormally tortuous extending over several spinal
segments and sometimes throughout the entire spinal canal. They
are usually evident on T2 - weighted MRI as low-signal linear struc-
tures. High signal within the spinal cord, usually throughout its
l ower half or so down to the conus medullaris, usually is present
also, due to oedema and/or infarction. Myelography will show the
abnormal vessels; sometimes minor cord swelling is also present
( Fig. 54.47).

Spinal angiography is necessary to localise the arteriovenous
shunt prior to surgery or embolisation. The majority of spinal arteri-
ovenous fistulas occur in middle-aged men and present with pro-
gressive paraparesis, usually with incontinence, often with pain;
sometimes the disability increases with exercise. These fistulas are
usually in the dura (Fig. 54.48), generally in the dorsal or lumbar
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which communicate with the free subarachnoid space through
narrow necks.

2. Extradural arachnoid cysts, which are herniations of the Infiltration of the meninges with chronic inflammatory cells and

arachnoid through defects in the dura. They may remain within the fibrosis most commonly follows chemical damage to the meninges,

spinal canal, expanding it, or extend through intervertebral foram- most often in the past by iophendylate (Myodil, Pantopaque), once

ina, causing erosion of the pedicles and root pain. widely used for myelography, or ionic myelographic contrast media,
but occasionally by drugs used in therapy, including steroids and

Cysts at the level of the spinal cord are most frequently situated spinal anaesthetics; other causes are subarachnoid haemorrhage and
posteriorly in the dorsal region, and cause backache and cord com- i nfections. It used to be thought that it occurred very commonly after
pression, sometimes varying with posture. A particular variation is l umbar disc surgery, but it is now known that the cause was the con-
the intrasacral arachnoid cyst, which may cause gross expansion trast media used in the preoperative myelogram (Fitt & Stevens
of the sacral spinal canal with marked thinning of the hone. Such 1 995). Modern myelographic media do not cause arachnoiditis, and
cysts may extend through into the pelvis and cause anterior dis- arachnoiditis has almost disappeared as a complication of extradural
placement of the rectum. They are evident on MRI as masses spinal surgery. As well as the usual pyogenic organisms and tubercu-
giving signals of either similar or slightly greater intensity than the l osis, in which it generally occurs in association with extradural
subarachnoid CSF. They displace adjacent nerve roots and seg- inflammation, sarcoidosis, schistosomiasis, cysticercosis, cryptococ-
ments of the spinal cord, which is often deformed by pressure from cal infection and coccidioidomycosis have all been implicated. The
the cyst. condition is associated with a variable amount of demyelination,

The intradural arachnoid cysts form long masses on myelo- axonal and nerve cell degeneration.
graphy, usually posterior to the spinal cord, causing partial or com- Arachnoiditis is best diagnosed by MRI, high-resolution axial
plete obstruction in the dorsal region. The size of the cyst may be T

2-weighted fast spin-echo acquisitions usually being the most
shown to vary with posture. Though the cyst communicates with helpful. Chronic adhesive arachnoiditis results in adhesions be-
the subarachnoid space, opacification may be slow; the cyst may be tween intradural roots and with the wall of the thecal sac, producing
revealed only by subsequent CTM or sometimes by introducing mass-like clumps, or incorporation of roots into the thecal wall
additional contrast medium by cervical puncture. creating an empty thecal sac. The causal part of the thecal sac

Extradural arachnoid cysts are also generally large posteriorly usually is involved. It can be very extensive, however, with dis-
situated masses, displacing the theca anteriorly or anterolaterally. tortion and cavitation of the spinal cord. The organised adhesion
The neck of the cyst is usually situated superiorly, and cyst filling, may calcify or even ossify, producing arachnoiditis ossificans.
which may he free or very delayed, may be best achieved in the Clinico-radiological correlation generally is poor.
supine position. Where communication is free the cyst may be seen
at myelography to fill and empty with posture; slow-filling cysts
may be confirmed by CTM.

The cysts are usually well shown by MRI and may be suspected
when different flow conditions are present in the cyst and the free
subarachnoid space. Damage to the spinal cord by pulsatile expan-
sion at the closed end of the cyst may be evident as myelopathy on
T,-weighted sequences. In both types of cyst, the diagnosis also is
evident on CTM. The density of the fluid within the cyst may be
similar to or less than that in the subarachnoid space, but the entire
extramedullary lesion will be homogeneously opacified, and the
membrane between it and the subarachnoid space may be visible.
Multiple intradural arachnoid diverticula, which may erode the
margins of the lumbar canal or sacrum and be associated with
symptoms of radiculopathy, are an uncommon accompaniment of
ankylosing spondylitis. Herniation of the spinal cord through a
dural defect may simulate an arachnoid cyst. In this rare condition
the hernia is usually anteriorly and the spinal canal may be widened
locally with the spinal cord hernia extruding into the focal expan-
sion. This is sometimes directly visualised by MRI, but more often
only ventral angulation of the spinal cord is shown, sometimes
wrongly diagnosed as posterior compression by an intradural arach-
noid cyst. The `empty' suharachnoid space may be mistaken for a
cyst on superficial analysis.
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Fig. 55.2 MRAs. (A) Normal left carotid and
vertebral. (B) Stenosis of right common carotid
bifurcation. The stenosed channel is not outlined
owing to low flow.
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Fig. 55.1 (A) MRA showing all four neck vessels in AP view. (B) Segmental MRA study of right
carotid and vertebral in lateral view.

Direct intra-arterial angiography using standard film has for many
years provided the gold standard for angiography but is now largely
replaced by minimally or non-invasive techniques in well-equipped
units. Some workers, however, still prefer direct angiography for
special purposes such as the investigation of subarachnoid haemor-
rhage. Direct angiography also remains essential for interventional
work (see Ch. 56).

The different shades of meaning attached to the term `non-
invasive' have been described elsewhere in this text (see Ch. 12,
p. 319, and Ch. 15, p. 416). Some procedures so referred to are
better described as minimally or mildly invasive, since intravenous

The methods currently used include:

1. Magnetic resonance angiography (MRA)
2. CT angiography
3. Sonographic vascular imaging
4. Intravenous digital subtraction angiography (IV DSA)
5. Direct intra-arterial angiography.

55
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(I.V.) constrast and not direct intra-arterial contrast is used. These
procedures include contrast enhanced magnetic resonance (CE-
MR), I.V. DSA and I.V. contrast enhanced spiral CT. The proce-
dures may also be described as without radiation hazard (MRI and
ultrasound) or with radiation hazard (DSA and CT).

This technique has expanded greatly in recent years (see Ch. 15 for

more details). Two basic strategies are used for imaging, namely
time of flight effects (TOF) and phase contrast (PC). These can be
acquired either multislice (two-dimensional) or three-dimensionally
(3D). TOE is most frequently used in imaging the cerebral circula-
tion. Background suppression is improved by utilising magnetisa-
tion transfer (MTC), in the form of a broad-spectrum prepulse.

Fixed and `walking' presaturation slabs are also helpful to obtain
selectively images of either arteries or veins. Image quality in 3D
techniques can be enhanced by reducing the size of the image
volume, which permits better visualisation of slower flowing protons
in smaller arterial branches. Carotid and cerebral imaging is often
best performed using an overlapping 3D volume technique, known
as multiple overlapping thin-slice arteriography (MOTSA).
Enhanced visualisation is also achieved with interactive vascular
i maging (IV!), which permits segmentation of individual vessels or
segments of vessels for multidirectional maximum intensity pixel
( MIP) displays. Intravenous enhancement with gadolinium is now
widely used in MRA. The technique most widely used is three-
dimensional contrast-enhanced MRA (3D CE MRA). It is necessary
to acquire a time-resolved sequence so that images from the arterial
phase are acquired before venous enhancement occurs. Image sets
are acquired at approximately 5 s intervals. Acquisition planes gen-
erally are coronal or sagittal rather than transverse. Between 20 and
25 ml of contrast is injected into a peripheral rather than central
vein. Digital subtraction of precontrast images and other post-
processing may be used to improve the display and MIP projections
and 3D surface renderings are produced. The technique is most com-
monly used to display the aortic arch and origins of the great cere-
bral vessels. A customised neurovascular neck coil also is a great
advantage to ensure good regional coverage.

Fig. 55.4 MRAs. (A) Normal internal carotid bifurcation and proximal segments of the anterior and middle cerebral arteries in lateral view. Lateral (B) and
rotated lateral (C) views of a posterior communicating aneurysm.

Fig. 55.3 MRAs. (A) Right internal carotid thrombosis. (B) Severe right
i nternal carotid stenosis. Owing to low flow the proximal segment does not
outline.

Perfusion imaging is also possible with both contrast-enhanced
MRA and CT angiography. After an intravenous contrast bolus, a
series of images are acquired over time, often of just a single slice,
from which, with appropriate computer-based processing, parame-
ters such as regional time to peak contrast, relative regional cerebral
blood flow and blood volume can be calculated and presented as
colour coded maps. Spatial resolution is generally better than in
nuclear medicine-based techniques. These techniques are widely

used, most often in research settings.

2. CT angiography (Figs 55.5,55.6; see also Ch. 15)

Spiral CT incorporates a slip ring coupling between the rotating and
stationary portions of the gantry to allow for continuous tube rota-
tion and data acquisition as the patient is transported through the



Fig. 55.6 3D CT reconstruction of circle of Willis and adjacent vessels
showing bilateral aneurysms. (A) AP view. (B) Computer-rotated view.
(Courtesy of Dr A. Al-Kutoubi.)

Digital techniques have completely replaced film-screen com-
binations. Computed fluoroscopy enables rapid manipulation of
multiple images with subtraction of the bones and other tissues
from the opacified blood vessels. Adequate arterial studies may be
obtained with relatively low intra-arterial concentrations of contrast

medium.
Although enjoying widespread clinical use in the early 1980s,

initial enthusiasm for intravenous DSA soon became tempered with
caution as limitations became apparent. The great advantage of
intravenous techniques is that it is very safe to the patient. The pro-
cedure does not require hospitalisation and is performed on an out-
patient basis. It is therefore cost-effective. It generally requires
placement of a catheter via an arm vein, into the superior vena cava
or left atrium.

Contrast resolution is not as good as with direct arteriography.
For intracranial lesions all four vessels are opacified at the same

time, and in lateral views there is superimposition of the vessels
of the two sides. With uncooperative patients, movement can

degrade the images to an unacceptable level. Large boluses of
contrast agent are used for intravenous injections so that mul-
tiple projections require quite large total doses. These draw-
backs led to some modification of the early enthusiasm for

This is widely used for imaging the extracranial carotid vessels and
can also be used to measure blood velocity in the middle cerebral and
other intracranial arteries. Grey scale imaging is used to visualise the
vessels and to document the state of the vessel wall. Doppler spectral
analysis is used to determine blood flow velocity. Colour flow
mapping is also used to enable a rapid survey of arterial segments to
find sites where further spectral analysis may be beneficial. The tech-

nical details of vascular sonography are given in Chapter 15.
Considerable operator skill and time are required.
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gantry. The dataset produced can be reconstructed at arbitrary inter-
vals to generate overlapping sections, and the rapid acquisition time
enables an entire vascular territory to he imaged within 30 s.
Imaging the cerebral circulation requires the injection of approxi-
mately 90 ml of contrast medium (300 mg/ml iodine) through a
cannula or catheter inserted into a peripheral arm vein, over 20-30 s.
The timing of the spiral CT imaging depends on circulation time and
usually requires a test dose to monitor opacification of the vessels of
interest, as in CE MRA. Collimator width and table speed have impor-
tant consequences on the quality of the results. As usual there is a
trade-off between the volume imaged and spatial resolution, and colli-
mator width and signal-to-noise ratio.

I mages can be viewed as axial sections of any prescribed thick-
ness. They can also he presented, like magnetic resonance
angiograms, as MIP projections or as threshold shaded surface
displays (SSDs). Segmentation of the arterial system from other
dense structures such as bone is necessary and can he very time-
consuming, but semiautomated methods are now on line; image
editing is a major part of this type of angiography. 3D CT angiogra-

Fig. 55.5 Spiral CT of the neck vessels showing sequestrated study of phy in neuroradiology is used mainly to image the extracranial
right carotid bifurcation. (A) In the AP view the stenosis is obscured by a carotid and vertebral arteries, and to detect and display intracranial
calcified plaque. (B) The image is computer rotated through 180° to show
the stenosed lumen. (C) 3D CT reconstruction. (Courtesy of Dr A. AI- aneurysms. It generally is used when MRA is not an option.

Kutoubi.)
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the intravenous technique, and many units switched to the use
of digital techniques with the more dangerous intra-arterial
i njections.

The main uses of intravenous DSA are:

1. For arch aortography for neck vessel study (Fig. 55.7).
2. For selected intracranial studies, e.g. confirmation of large

aneurysms, angiomas, fistulas, or vascular tumours suggested
by CT, or to show the relationships of the major arteries to a
l arge pituitary adenoma, or to show involvement of a major
venous sinus (Fig. 55.8).

3. For some postoperative and follow-up studies, particularly after
aneurysm clipping and treatment of stenoses.

4. For dural sinus phlebograpy.

The intravenous technique ensures that all vascular territories are
opacified together, allowing the generation of full-contrast ven-
ograms of good temporal resolution (Fig. 55.8). Fig. 55.8 DSA study showing the cortical veins, sagittal and lateral

For the reasons stated above, intravenous studies of the extra- sinuses. Note large vein of Trolard and smaller vein of Labbe.

cranial neck vessels are suboptimal in a proportion of patients. This
proportion was stated to be 15-20% in the early studies, but with

i mprovements of apparatus and technique should now be less than
1 0%: however, it may be necessary to use more than one projection
to ensure this, with consequent increase in total contrast medium
dose.

This was originally performed by percutaneous puncture of the
common carotid artery in the neck. This technique became obsolete
with the increasing use of percutaneous catheterisation. Direct carotid
angiography is now generally practised by the introduction of
catheters into the lumen of the common carotid artery from a percuta-
neous transfemoral approach. This technique permits selective
catheterisation of the internal and external carotid arteries; however,
caution should be observed in passing catheters into the internal
carotid artery in middle-aged and elderly patients, particularly if there
i s any suspicion of atheromatous internal carotid artery stenosis.

About 10 ml of contrast medium are usually injected within
1 -2 s into the common carotid artery. A slightly smaller quantity,
about 8 ml, is adequate for selective injection of the internal carotid
artery. Selective injection of the external carotid artery can be
accomplished with a similar amount of contrast medium (8 nil). In
the case of the external carotid artery the injection can be made
more slowly, taking 2-4 s.

Carotid angiography can be carried out either under local anaes-
thesia or under general anaesthesia. In cases where more than one
artery is to be injected at one session, or if the patient is likely to be
very uncooperative or nervous, general anaesthesia is more com-
monly used. However, the advent of DSA and low-osmolarity con-
trast media has further reduced the need for general anaesthesia.

As with other forms of arteriography, it is important to obtain rapid
serial films as the contrast medium passes through the circulation.
Many types of apparatus were available for achieving this, but today
most imaging is performed by DSA. Different `programmes' can be
used and tailored to the individual case. A standard series could
consist of seven images taken at I per second for 7 seconds and timed
so that arterial, capillary and venous phases of the angiogram are all
covered. With angiomas, arteriovenous fistulas and vascular tumours
the early images would be taken at two or three frames per second to
allow for the rapid arteriovenous shunting.

Fig. 55.7 The neck vessels shown by DSA following an intravenous injec-
tion of contrast medium. The internal carotid and vertebral origins are
normal.
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Vertebral angiography For catheter demonstration of the carotid
or vertebral artery, several alternative catheters are available, and
different workers have preference for different types. We prefer
the Mani (5F) headhunter catheters, and even smaller catheters
(4F and 3F) are now available. The smaller catheters have the
added advantage of being less liable to form clot or to damage
arterial walls.

Normally the left vertebral artery is easier to catheterise than the
right, but if one side proves difficult the other can usually he
entered. It is normally only necessary to catheterise one vertebral
artery, as a forced injection will fill the contralateral vertebral artery
by reflux as well as filling the basilar artery.

Sometimes the catheter can be passed into the subclavian artery
but will not enter the vertebral artery. In these cases an injection
can be made into the subclavian artery and an indirect vertebral
arteriogram obtained. In patients whose vessels are too tortuous for
the suhclavian arteries to be catheterised from below, or in whom
diseased iliacs prevent passage of a catheter, success can still be
obtained by transaxillary catheterisation. In about 5% of cases the
l eft vertebral artery arises direct from the aortic arch. If no vertebral
artery can be found arising from the left subclavian this condition
should be suspected, the catheter withdrawn into the arch, and an
attempt made to manipulate it into the anomalous vertebral. If this
fails, the right vertebral should be attempted.

For direct injection into the vertebral artery we use only 6-8 nil
of contrast medium. Low-osmolarity contrast media are now
mandatory. As with carotid angiography, improved detail can he
obtained by the use of magnification with a fine-focus tube and by
the use of subtraction films.

Where the first part of the subclavian artery is injected, about
1 5 ml of contrast medium are injected in about 2 s. It may help to
obtain better filling of the vertebral artery in these cases if the
appropriate brachial artery is occluded at the time of injection.

Fig. 55.9 Arch aortogram in right posterior oblique position. There is a
Arch aortography It is still contended by some workers that congenital anomaly, in that the right subclavian artery arises distally from
cerebral symptoms may arise from stenosis or thrombosis of the the aortic arch (arrowheads). Its origin is superimposed on the left sub-

origins of the internal carotid arteries or of the vertebral arteries. clavian origin. Both carotid bifurcations are well shown.

It has also been claimed that intrathoracic lesions of the innomi-
nate, left common carotid and left subclavian arteries can be a 4. Very occasionally as an investigation of last resort. Most often
cause of cerebral symptoms. this will he in context where less invasive imaging has been

I njection of contrast medium into the aortic arch enables all the unsatisfactory.
Great vessels in the thorax and the vertebral arteries in the neck,
together with the carotid bifurcations, to be demonstrated. Spinal angiography This procedure involved selective angiogra-

The important features of arch aortograms are illustrated in phy and a very careful radiographic technique. The arterial supply

Figure 55.9. It is usual to take rapid serial films with the supine to the spinal cord is illustrated in Figure 55.10. The main irdica-

patient rotated about 45 ° to the right and the head turned to the right tion today is in interventional techniques (see Ch. 56).

l ateral position. This normally avoids superimposition of the carotid
and vertebral arteries and shows the carotid bifurcations clearly.

DSA by intravenous injection has also been widely used for arch
aortography.

The main indications for direct intra-arterial angiography in well- The general complications of angiography have been discussed in
equipped departments are now limited as follows: Chapter 15. Intra-arterial techniques carry the particular risk of

I. To elucidate the arterial supply and venous drainage of i nducing temporary or permanent brain damage. The risks are

arteriovenous shunts for treatment planning, not simply for highest in the elderly and those with pre-existing vascular disease.

diagnosis. I n the past the commonest causes of brain damage were the use of

2. Prior to endovascular therapeutic procedures such as toxic contrast agents, and local damage to the carotid or vertebral

preoperative embolisation of tumours, treatment of aneurysms arteries. Nowadays, brain damage attributable to the contrast

or arterial stenoses, etc. medium is virtually non-existent, and local trauma is also relatively

3. Investigation of definite intracranial subarachnoid haemorrhage infrequent. The commonest cause of damage is embolism from a

( may not always he necessary). clot forming in or around the catheter tip. The risk of permanent
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than selective arteriography. These serious complication rates make
i t obvious that cerebral angiography should only be practised by
experienced personnel who are fully aware of these hazards.
Moreover, intra-arterial techniques should only be resorted to when
absolutely essential on clinical grounds, and when the information
required for patient management is not obtainable by less invasive
techniques.

Despite a few early reports to the contrary, which were not
confirmed by later studies, intravenous DSA carries no risk of
stroke, but carries a small risk of usually insignificant systemic
side-effects, the most frequent being angina (0.6%). Despite the
earlier claims to the contrary, it is most likely that the systemic
side-effects are no more frequent in intravenous DSA than in a
double-dose contrast-enhanced CT or intravenous urogram. The
same is probably true for 3D CT angiography. Carotid sonography
and MRA carry no risk of side-effects.

Selective spinal angiography carries the risk of damage to the
spinal cord and must be practised with caution. Only small doses
of low-osmolar contrast medium should be injected into the
posterior intercostal and lumbar arteries. In patients with arterio-
venous fistulas, worsening myelopathy has been reported in up to
20% of cases. Spinal cord damage can also result from non-
neuroradiological angiography, such as bronchial, thyroid and
parathyroid angiography.

Fig. 55.10 Normal blood supply to the spinal cord as seen (A) in anterior
view and (B) in lateral view. (C) Blood flow currents in the longitudinal
spinal arteries. (After DiChiro & Wener 1973.)

disability or death has been variably estimated over the years, but
two of the most recent assessments have put this at 1.2% and 5.2%
(1995 and 1994). The best results are obtained where the proce-
dures are carried out by experienced workers only. It must also be
stressed that several recent studies from reputable centres have
indicated that intra-arterial DSA is no safer than conventional
film-screen techniques and, even more importantly, that arch
angiography carries the same or even slightly high , r stroke risk

Fig. 55.11 (A) Normal internal carotid arteriogram-lateral view. (B) Diagram to illustrate (A). 1 . Anterior cerebral artery; 2. frontopolar artery;
3. pericallosal artery; 4. middle cerebral artery and its branches; 5. anterior choroidal artery; 6. posterior communicating artery; 7. posterior cerebral artery;
8. callosomarginal artery; 9. ophthalmic artery.

The features of the normal internal carotid arteriogram are illus-
trated in Figures 55.11 and 55.12. The normal circulation time from
i njection of the contrast medium into the internal carotid artery to
its disappearance from the veins of the brain varies with the individ-
ual and averages 5-7 s. In certain pathological conditions it may of
course be appreciably slower. With angiomatous malformations or
arteriovenous fistulas it may he extremely rapid. It is customary to
divide the angiogram into four phases. The first phase lasts 1-2.5 s
and is referred to as the arterial phase. Films taken during this
period show the arterial tree. The second or capillary phase lasts
about I s or less but is rarely clearly defined on the X-ray film, as



there is usually some late arterial or early venous filling super- with the termination of the internal carotid, resemble the letter T
imposed. The third and fourth phases are characterised by venous when seen in this projection (Fig. 55.12). The major branches of
filling and last 4-5 s. They include the early and late phlebograms, the internal carotid artery all arise above the cavernous sinus, but
respectively. The early phlebogram outlines the superficial veins of there are some minor branches arising in its intrapetrosal and pre-
the hemisphere, and the late phlebogram shows the deep veins. cavernous segments. The former include the caroticotympanic and

The blood flow through the internal carotid artery is considerably
greater than through the external carotid artery. Thus, following
injection of the common carotid artery, the intracranial vessels are
usually visible in the lateral films a second or so before the
branches of the external carotid become superimposed. The experi-
enced worker has no difficulty in differentiating branches of the
external from branches of the internal carotid, as the distribution of
these vessels follows a standard pattern. The middle meningeal
artery and its branches which stem from the internal maxillary
branch of the external carotid also fill slightly later than the internal
carotid branches. Early filling of the middle meningeal artery
together with internal carotid branches can occur if the vessel is
hypertrophied to supply a meningioma or angioma. This point is
further commented on below.

The cervical internal carotid artery has no branches, but occa-
sionally the ascending pharyngeal or other branches of the external
carotid may arise from it, as may the rare proatlantal intersegmental
artery and the hypoglossal artery (Figs 55.33, 55.34).

Sometimes the internal carotid artery shows a prominent loop as
it lies lateral to the oropharynx, and this is known as the 'tonsillar
loop' (Fig. 55.13). It can be regarded as a normal variant. The
normal internal carotid artery also forms a loop as it lies in the
l ateral wall of the cavernous sinus, which is usually referred to as
the ` carotid siphon'. The suprasellar portion of the internal carotid
artery just before its bifurcation is normally inclined laterally (from
below upward) as seen in the anteroposterior view. In this view the
major branches of the anterior and middle cerebral arteries pass,
respectively, medially and laterally. These two vessels, together

Fig. 55.12 (A) Normal internal carotid arteri-
ogram-AP view. (B) Diagram to illustrate
(A). 1. Anterior cerebral artery; 2. middle cere-
bral artery and its branches; 3. posterior cerebral
artery; 4. anterior choroidal artery; 5. lenticulo-
striate arteries; 6. sylvian point.

VASCULAR IMAGING IN NEURORADIOLOGY 1679
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Fig. 55.14 Right ophthalmic artery. (A) In lateral view. (B) In axial view.
1. Supraorbital branch; 2. main artery with ethmoidal branches; 3. lacrimal
branch; 4. central retinal branch.

pterygoid (vidian) arteries, which are rarely recognisable at angi-
ography. The precavernous and intracavernous branches include:

I . The important meningohypophyseal trunk (Fig. 55.51), which

gives rise to:
a. the tentorial artery
b. the dorsal meningeal artery
c. the inferior hypophyseal artery

The tentorial artery may he enlarged and easily recognisable
with tentorial meningiomas.

2. The inferior cavernous artery, which supplies the wall of the
cavenous sinus and its contents and anastomoses with the
middle meningeal artery.

3. The capsular artery.

Under normal circumstances these arteries are only recognisable in
high-quality subtraction films with magnification, as are the tiny
superior hypophyseal arteries which arise above the sella. The oph-
thalmic artery arises from the internal carotid just above the sella
and medial to the anterior clinoid process. It passes forward to the
optic canal beneath the optic nerve and then into the orbit. A good
quality film will show its terminal branches outlining the posterior
aspect of the globe (Fig. 55.14). Its terminal supraorbital branch
supplies a small cutaneous area above the medial aspect of the Fig. 55.15 Anterior choroidal artery (arrowed). (A) In AP projection.

orbit. (B) In lateral projection.

The artery of the falx arises from the anterior ethmoidal branch
of the ophthalmic artery and passes through the cribrifonm plate to The normal anterior choroidal artery arises from the posterior

supply the anterior part of the falx. It may be markedly hyper- aspect of the internal carotid just distal to the origin of the posterior

trophied to supply meningiomas or arteriovenous malformations. communicating artery, but rarely it arises from the middle cerebral

The posterior communicating and posterior cerebral arteries fill or posterior cerebral artery. The artery is directed backward and

i n only about a third of common carotid arteriograms. However, medially to the medial aspect of the anterior part of the temporal

they fill in a higher proportion of cases following selective injection lobe. It then passes round the uncus and turns laterally and back-

of the internal carotid artery. In other cases, the dominant blood ward into the choroidal fissure to enter the temporal horn. There it

supply to the posterior cerebral artery is through the vertebrobasilar supplies the choroid plexus, which is sometimes seen as an ill-

circulation. Sometimes the origin of the posterior communicating defined blush of contrast.

artery, as seen in lateral view, is slightly expanded. This appear- As with the posterior communicating artery, an infundibulum is

ance, known as the `infundibulum' of the posterior communicating occasionally seen at the origin of the artery from the internal carotid

artery, has been regarded as a normal variant. On the other hand, artery.

there is some pathological evidence that it may be associated with a The lenticulostriate arteries arise in two groups of 2-4 tiny arter-

defect in the vessel wall and predispose to aneurysm formation. i es, the medial and the lateral. Normally they stem from the upper

The anterior choroidal artery is small but is readily identifiable. surface of the middle cerebral artery trunk and pass directly up

Its normal position in both lateral and anteroposterior view is illus- through the anterior perforated substance into the Basel ganglia and

trated in Figure 55.15. Displacements of this vessel were of consid- i nternal capsule. Some of them may also arise from the internal

erable help in identifying and localising mass lesions. carotid bifurcation or the origin of the anterior cerebral. They are



Fig. 55.16 Lenticulostriate arteries in
AP projection. They are difficult to iden-
tify in lateral projection because of the
superimposed middle cerebral vessels.
The anterior temporal and orbitofrontal
branches are also shown passing down-
ward.

readily recognised in good-quality anteroposterior films, but are

usually obscured by larger overlying vessels in the lateral view. The
normal disposition of these vessels is illustrated in Figure 55.16.
They pass upward and medially for a short distance and then later-

ally in an arc that is concave inward. Masses or haematomas in the
region of the external capsule displace these vessels medially, while
masses in the basal ganglia or internal capsule distort or separate
them.

The anterior cerebral artery (Figs 55.1 1, 55.12) passes medially
from the bifurcation of the internal carotid to reach the midline.
This small segment of the artery lies above the optic chiasm or
optic nerve and is usually convex upward. It is best seen in the
anteroposterior projection. Near the midline it is joined by the ante-
rior communicating artery to its fellow on the opposite side.
Beyond the anterior communicating artery the anterior cerebral
turns forward and upward in the interhemispheric fissure. It passes
around the anterior aspect of the corpus callosum and turns back- described, and also to anterior temporal and orbitofrontal branches

ward along its upper surface. It continues as the pericallosal artery (Fig. 55.16). These can arise from a common trunk. About 2 cm

to the back end of the corpus callosum. from its origin it reaches the insula (or island of Red), where it

In lateral view the segment between the anterior communicating usually bifurcates or trifurcates. The main branches pass backward

artery and the gems of the corpus callosum usually has a gentle con- over the surface of the insula and are hidden by the opercula. These

cavity downward. This is variable in degree and should not be mis- branches lie deep in the Sylvian fissure and deep to the external

taken for displacement by a mass. A few tiny perforating branches surface of the brain. The branches loop downward on the under-

are given off from the proximal horizontal segment of the anterior surface of the inferior parietal operculum and then pass out through

cerebral artery, but these are variable and difficult to identify on the Sylvian fissure to reach the surface of the hemisphere. These

angiograms.
The frontopolar branch is generally the first major branch of the

anterior cerebral and arises proximal to the knee or bend of the
vessel around the corpus callosum. This vessel passes forward and
upward towards the anterior pole of the frontal lobe and is best seen
i n lateral view. It divides into 2-3 branches which pass to the supero-
medial margin of the hemisphere and over on to the convexity.

The next major branch of the anterior cerebral is the calloso-
marginal. This usually arises near the gems and passes backward
and upward, giving off' anterior, middle and posterior internal
frontal branches. It terminates in the paracentral branch around the
paracentral lobule. The branches just described are variable and
may arise directly from the anterior cerebral. The callosomarginal
artery lies in the callosomarginal sulcus for part of its course, and
while in the sulcus it may be lateral to the in idline. This should not
be mistaken for a true displacement by a mass. The terminal Fig. 55.17 Relationship of the middle cerebral artery and its branches to

branches of the artery, like those of the frontopolar artery, reach the
the insula in a sagittal brain section. (A) Insula. (B) Middle cerebral artery.

superomedial border of the hemisphere and pass over it to the con-
vexity. Here they anastomose with terminal ascending branches of
the middle cerebral artery.

The pericallosal artery represents the continuation of the anterior
cerebral after it has given off the major branches just described.
Normally it is fairly closely applied to the upper surface of the
corpus callosum and terminates in a precuneal or posterior callosal
branch.

The proximal segment of the anterior cerebral artery is occasion-
ally hypoplastic, forming one of the many variations of the circle of
Willis. In these cases the major part of the vessel fills from the
opposite side through the anterior communicating artery. Such con-
genital hypoplasia should be distinguished from spasm associated
with subarachnoid haemorrhage.

The middle cerebral artery passes laterally and slightly forward
from the bifurcation of the internal carotid artery. This segment is
best seen in the AP view and is horizontal or convex upward. It
gives rise to the lenticulostriate arteries, which have just been

Fig. 55.18 Relationship of
middle cerebral vessels to skull
vault in the AP projection. Arrow
points to the angiographic
sylvian point which represents
the posterior limit of the insula.
Distance A, from the skull vault
to the lateral aspect of the
i nsula, varies from 20 to 30 mm.
Distance B, from the sylvian.,
point to the skull vault, measures
30-40 mm. (After Taveras 1969.)
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downward loops can be identified in the lateral angiograms, and the
margins of the triangular insula can thus be defined. The surface of
the insula is also identified in the same way on the AP film
(Fig. 55.17). The appearance of these vessels and their relationship
to the skull vault in the frontal projection were of considerable
i mportance in detecting displacement by tumours and other masses.
Taveras refers to the posterior limit of the sylvian triangle as the
angiographic sylvian point' and shows how this can he identified in

the frontal projection. The last artery to emerge from the insula
occupies at its medial bend the position of the angiographic sylvian
point (Fig. 55.18). The sylvian vessels and sylvian point should
appear symmetric on the two sides.

As the branches of the middle cerebral artery emerge from the

sylvian fissure they turn, in the case of the anterior branches,
upward, and in the case of the posterior branch, backward. The
anterior or ascending branches pass upward in the prerolandic areas
to supply the lateral surface of the hemisphere in the frontal and
parietal regions. These arteries are rather variable and tortuous. The
posterior branches are more regular and three major arteries can
usually be identified. From above downward these are the posterior
parietal, angular and posterior temporal arteries.

The branches of the middle cerebral artery supply the whole of
the convexity of the hemisphere except a 2.5 cm band near the
sagittal fissure, and the occipital lobe.
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The superficial cerebral veins arc very variable in position and
distribution. Most of the veins of the hemisphere run upward and
backward to end in the superior longitudinal sinus (Figs 55.8,
55.19). They usually enter the sinus against the direction of the
blood flow, which is from before backward. Two large veins are
named by the anatomists. The first, the vein of Trolard, i s a large
vein which passes upward and backward over the hemisphere to
enter the superior sagittal sinus in the parietal region. The second is
the vein of Labbe. This large vein passes horizontally across the
temporal region to enter the lateral sinus. In most angiograms one
or other of these veins can be recognised but it is unusual for both
veins to be present in the same angiogratn (Fig. 55.8). The smaller
middle cerebral veins run forward in the sylvian fissure and then to
the spheroidal ridge to end in the sphenoparietal sinus, which drains
to the cavernous sinus.

The deep cerebral veins fill slightly later than the superficial
veins just described. They are of considerable importance in angio-
graphic diagnosis because their position is much more constant than
that of the superficial veins.

The internal cerebral veins lie one on each side of the midline.
They commence just behind the foramen of Monro and pass back-
ward in the roof of the third ventricle, lying in the tela choroidea.
Two smaller veins drain into each internal cerebral vein at its com-
mencement. These are the septal vein, which runs on the medial
surface of the frontal horn, and the striothalamic vein, which runs in
the floor of the lateral ventricle to reach its lateral wall (Fig. 55.20).
In the lateral view the junction of the striothalamic vein with the
septal vein forms the origin of the internal cerebral vein and is
known as the `venous angle'. This provides, in most cases, a recog-
nisable landmark, as it normally lies just behind the foramen of
Monro; however, the anatomy is not constant and in some cases the
striothalamic vein may enter the internal cerebral vein more poste-
riorly. At its posterior end the internal cerebral vein unites with its
fellow on the opposite side and enters the vein of Galen. This is
constant in position and is easily identified. Just proximal to the
vein of Galen other small tributary veins may enter the internal
cerebral veins. The auricular vein drains the area of the trigone.
The basal vein arises anteriorly above the sella and passes round
the midbrain to enter the back end of the internal cerebral vein.
Less commonly, it drains directly into the vein of Galen.

Ventricular size can be assessed in the lateral view, as the septal,
striothalamic and auricular veins all commence in the walls of the
ventricles. Thus the shape of the ventricle can be roughly outlined
by drawing in a line around the origins of these vessels. These
small veins drain the subependymal veins of the cerebral white

matter. Normally the latter are very tiny and are rarely recognisable
i n a routine angiogram. In certain pathological conditions, however,

these veins may become hypertrophied. Thus, with highly malig-
nant cerebral gliomas where there is rapid arteriovenous shunting
through large tumour vessels, and with angiotnatous malformations,
the subependymal veins may be quite large and readily visible.

The vein of Galen i s a short thick vein which curves upward and
backward behind the splenium of the corpus callosum. Here it joins

Fig. 55.19 (A) Phlebogram showing superficial and deep veins.
(B) Diagram to illustrate (A) 1. Internal cerebral vein; 2. vein of Galen .

3. striothalamic vein; 4. septal vein; 5. venous angle; 6. inferior sagittal
sinus; 7. straight sinus; 8. superficial cortical veins; 9. basal vein; 10. lateral
sinus.



The detailed angiographic anatomy of the smaller branches of the
external carotid artery is described in great detail in the excellent
monograph of Djindjian and Merland (1978). The named major
branches of the external carotid artery may be listed as follows
(Fig. 55.21):

I. Superior thyroid artery
2. Lingual artery
3. Facial artery
4. Ascending pharyngeal artery
5. Occipital artery
6. Posterior auricular artery
7. Internal maxillary artery
8. Superficial temporal artery.

The first three branches arise from the anteromedial aspect of the
proximal segment of the artery. The upper or lower of these two, or

Fig. 55.21 External carotid artery branches. 1 . Superior thyroid artery;
2. lingual artery; 3. facial artery; 4. ascending pharyngeal artery; 5. occipital
artery; 6. posterior auricular artery; 7. internal maxillary artery; 8. superficial
temporal artery.

occasionally all three arteries, may arise in common, as may the
ascending pharyngeal and occipital arteries, which arise from the
posterolateral aspect of the external carotid. In about 15% of cases
the superior thyroid arises from the common carotid near its bifur-
cation, and rarely the occipital or ascending pharyngeal, or both,
may arise from the internal carotid.

The posterior auricular artery is a small branch which arises just
before the main terminal branches, the superficial temporal and
i nternal maxillary. The large internal maxillary artery gives rise to
the important middle meningeal artery as well as supplying the
nasal fossa, palate, mandible and infraorbital region.

The external carotid artery normally arises at the level of the C3
vertebra from the bifurcation of the internal carotid artery.
Selective injection of the external carotid has been practised in
the past for the better demonstration of intracranial tumours (such
as meningiomas) deriving most of their blood supply from the
middle meningeal artery. It was also useful for demonstrating the
contribution of the external carotid artery to the blood supply of
other intracranial tumours, such as acoustic neurinomas and
glomus jugulare tumours, and for the demonstration of ducal arte-
riovenous fistulas supplied mainly or entirely by the external
carotid artery.

With the greater use of embolisation techniques for the treatment
of tumours and angiomatous malformations, superselective angiog-
raphy of the external carotid artery is being increasingly practised.
The technique has been used for the demonstration and embolisation
of angiomas of the face, lips and tongue. It has also been used in the
i nvestigation and treatment of tumours. These include meningiomas,
glomus jugulare tumours and nasopharyngeal angiofibromas.
Another indication is the demonstration and treatment of dural
arteriovenous fistula.

Fig. 55.20 (A) Deep veins shown at late phlebography. (B) Diagram of
l ate phlebogram (lateral view) showing relationship to the ventricle.
1. Internal cerebral vein; 2. vein of Galen; 3. striothalamic vein; 4. vein of
the septum pellucidum; 5. venous angle; 6. atrial vein; 7. subependymal
veins; 8. straight sinus; 9. basal vein.

the inferior sagittal sinus to form the straight sinus which passes
downward in the apex of the tentorium to the torcular herophili
(Fig. 55.20). The straight sinus usually drains into the left lateral
sinus, while the right lateral sinus usually drains the superior sagit-
tal sinus.
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The spinal branches are tiny and are rarely recognised on routine
angiograms. They supply the meninges and may anastomose with

The vertebral artery arises from the subclavian artery at the root of the anterior and posterior spinal arteries which supply the cord.
the neck. It passes backward to enter the transverse process of C6. The normal vertebrobasilar intracranial circulation is illustrated in
Occasionally it may enter a transverse process at a higher level. In Figures 55.22 and 55.23. The termination of the vertebral artery in its
its cervical course the vertebral artery gives off muscular branches i ntracranial portion gives rise to several important vessels. These are
that supply the paraspinal muscles. It also gives rise to tiny spinal or the posterior inferior cerebellar artery, the anterior and posterior spinal
radicular branches. arteries, and small anterior and posterior meningeal arteries.

The muscular branches anastomose with branches of the occipi- The anterior and posterior spinal arteries are tiny and difficult to
tal artery and with the ascending pharyngeal artery. These anasto- i dentify, although the anterior spinal artery is usually visible in a
moses assume some importance in cases of carotid occlusion or good-quality vertebral arteriogram. It is seen passing downward
stenosis of the vertebral origins and in embolisation procedures. i nto the spinal canal as a very fine vessel directly anterior to the

cord. Like most small vessels in the posterior fossa, it is best
i dentified in good subtraction films.

The posterior meningeal artery, when identified, is seen as a near
midline vessel passing upward and just anterior to the occipital
bone in the lateral view.

The posterior inferior cerebellar artery usually arises from the
terminal segment of the vertebral artery. With selective catheter ver-
tebral angiography it is usually possible to fill by reflux the termina-
tion of the contralateral vertebral artery. Thus both posterior inferior
cerebellar arteries can be shown from the injection of a single verte-
bral artery (Fig. 55.23). The normal anatomy of the posterior infe-
rior cerebellar artery is illustrated in Figures 55.24 and 55.25. This
vessel was of considerable importance in angiographic diagnosis in
the posterior fossa. There is a wide variation in its course and distri-
bution but a fairly typical pattern is followed in most cases. The
point of origin of the artery may be from the vertebral artery below
the foramen magnum or as high as the junction of vertebral and
basilar arteries. Sometimes it arises from the basilar or in common
with the anterior inferior cerebellar artery. Normally it arises from
the vertebral artery just above the foremen magnum.

The first part of the artery, as seen in lateral view, loops round the
medulla and then downward to curve round the lower margin of the
tonsil. It then passes up anterior and medial to the tonsil to reach
the roof of the fourth ventricle in the region of the inferior
medullary velum. The downward loop just described usually marks
the lower limit of the tonsil and has therefore been used as an index
of tonsillar herniation. However, this sign should he treated with
caution since the loop may reach below the foramen magnum in
normal patients as an anomaly. In these latter cases the loop tends
to be narrower with a `hairpin' appearance.

Just below the apex of the fourth ventricle the posterior inferior
cerebellar artery, as seen in lateral view, loops slightly backward again
before dividing into its major branches. This important landmark is
known as the 'choroidal loop', as it supplies choroidal branches to the
fourth ventricle and marks out the inferior roof of the fourth ventricle.

The vermis branch, which lies near the midline, forms a flat loop
convex downward with a local exaggeration in the region of the
pyramid. Its terminal portion curves round the tuber in the posterior
cerebellar notch. Normally the vermis branch, as seen in the axial
view, does not cross the midline; displacement across the midline
can be regarded as evidence of a mass on the ipsilateral side of the
posterior fossa.

The other major branch of the posterior inferior cerebellar artery

Fig. 55.22 (A) Normal vertebral arteriogram-lateral view. (B) Diagram
is the tonsillohemispheric. This arises at the same point as the

to illustrate (A). 1. Vertebral artery; 2. posterior inferior cerebellar artery; vermin branch but runs farther downward in lateral view along the

3. basilar artery; 4. superior cerebellar arteries; 5. posterior cerebellar artery; posterior margin of the tonsil. It gives off anterior or tonsillar
6. posterior choroidal arteries; 7. thalamoperforate arteries; 8. posterior branches and posterior or hemispheric branches which curve down
temporal artery; 9. internal occipital artery. and back around the under aspect of the cerebellar hemisphere.
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Fig. 55.24 Posterior inferior cerebellar artery. (A) Lateral view. Asterisks
mark the apices of the caudal and cranial loops. The apex of the cranial
l oop is closely related to the nodulus (N) and roof of the fourth ventricle
(dotted). The upper or vermis branch runs near the midline around the
i nferior vermis (including uvula-U, pyramid-P, tuber-T). The lower or
tonsillohemispheric branch runs near the posterior margin of the tonsil
giving off anterior or tonsillar branches and posterior or hemispheric
branches. The tonsil lies between 2 and 3. (B) Anteroposterior view, in half-
axial projection. The segments marked in the lateral view are identified by
the same numbers and letters. Segment 3 (the tonsillohemispheric branch)
may be difficult to identify in this view. The apex of the cranial loop (*N)
lies usually within 2 mm of the midline and the terminal portion of the
artery (T) returns to the midline. (Reproduced from Wolf, B.S., et al (1962)
American journal of Roentgenology, 87, 322-337).

The appearance just described and illustrated can be regarded as
the standard configuration of the posterior inferior cerebellar artery,
but it should be appreciated that there are many variations from this
standard pattern.

The basilar artery is formed by the junction of the two vertebral
arteries just above the foramen magnum. It passes upward directly
behind the clivus in the lateral view and it terminates behind or just
above the tip of the dorsum sellae. In the anterior or Towne's projec-
tion the basilar artery lies in the midline. However, displacement from
the midline, or lateral kinking, is quite common in the middle-aged
and elderly, particularly in hypertensive patients, and such kinking
does not necessarily imply displacement by a mass. In elderly and
hypertensive patients the basilar artery may also be elongated and
kinked, as seen in lateral view. Sometimes it terminates well above the
dorsum sellae and these cases of a high basilar termination may cause
an indent in the floor of the third ventricle. Lateral kinking of the
basilar artery may also be seen in young patients. In these patients the
kinking is always to the side away from a large dominant vertebral
artery, and has no pathological significance.

The basilar artery has numerous small branches which supply the
pons and are difficult or impossible to visualise in an angiogram.
There are, however, larger branches which can be recognised in
many cases. These include the paired anterior inferior cerehellar
arteries. These two vessels usually arise within a centimetre of the
origin of the basilar artery (Fig. 55.23). In lateral view they are
obscured by the mastoids and petrous hones, and are best identified
i n the Towne's view or in the direct anteroposterior view. Subtrac-

Fig. 55.23 (A) Vertebral arteriogram-AP view (subtraction print). tion films will usually show them well, and clear of overlying bone.
(B) Diagram to illustrate (A). 1. Vertebral artery; 2. posterior inferior cere- They extend directly laterally to a 'floccular loop', and supply
bellar artery (PICA); 3. basilar artery; 4. superior cerebellar artery; 5. poste-

branches to the internal auditory meatus and also to the inferiorrior cerebral artery; 8. posterior temporal artery; 9. i nternal occipital artery;
10. anterior inferior cerebellar artery (AICA). The right PICA arises from the surface of the cerebellum. Here they anastomose with branches of
right AICA in this case. the posterior inferior cerebellar artery.



Fig. 55.25 Relationship of normal arteries in the posterior fossa to the brainstem. 1. Posterior inferior cerebellar artery; 2. superior cerebellar artery;
3. medial posterior choroidal artery. (After Huang & Wolf 1970.)

The superior cerebellar arteries arise just before the termination artery. It passes round the midbrain together with, and usually
of the basilar artery. These paired arteries curve round the midbrain obscured by, the posterior cerebral artery (Fig. 55.25).
to reach the superior surface of the cerebellum, where they divided In the capillary phase the choroidal plexus is outlined as a well-
into several branches. In a lateral film they lie below the posterior defined blush of contrast. This is a normal appearance and should
cerebral arteries and are seen to pass over the surface of the cerebcl- not be mistaken for a pathological circulation.
lum. In this view they are partially superimposed on the posterior A small splenium branch of the posterior cerebral artery also
temporal branch of the posterior cerebral artery, as this lies on the supplies the pial plexus on and behind the splenium of the corpus
other side of the slanting tentorium, callosum, which may thus he outlined on the vertebral angiograrn.

The posterior cerebral arteries are the terminal branches of the The posterior communicating artery i s occasionally outlined, but
basilar artery. Both posterior cerebral arteries fill readily through the it is unusual to see good antegrade filling of the carotid system from
basilar in nearly 90% of cases. In most of the remaining cases only the posterior communicating artery in a normal patient. However,
one posterior cerebral artery fills well. Very rarely neither posterior the phenomenon can be demonstrated in certain pathological condi-
cerebral artery is filled. In these latter cases there is a dominant supply tions. In one case we have demonstrated filling of the whole of the
from the carotid artery through large posterior communicating arter- cerebral circulation from the vertebrobasilar system in a patient
i es. The posterior cerebral arteries curve around the cerebral pedun- with bilateral internal carotid thromboses. Retrograde filling has
cles to reach the dorsal aspect of midbrain. Here they pass through the also been demonstrated following compression of the carotids in
tentorium to reach the undersurface of the temporal lobes. Each poste- the neck and simultaneous injection of the vertebral artery.
rior cerebral has two main branches, a posterior temporal, which sup-
plies the undersurface of the posterior part of the temporal lobe, and The veins of the posterior fossil
an internal occipital branch, which passes to the medial aspect of the
occipital lobe. This divides into terminal branches named the cal-

The precentral cerebellar vein is small but easy to recognise in the

carine and parielo-occipital arteries. lateral phlebogram (Fig. 55.26). It passes in the midline over the

The thalamoperforating arteries arise from the proximal segment superior surface of the cerebellum and lies dorsal to the midbrain. If

of the posterior cerebral artery and lie close to the midline. They are the aqueduct and fourth ventricle are pressed backward the precen-

easily seen in the lateral view, where they appear to be 1-3 in tral cerebellar vein will be pressed backward with them. A mass in

number and show as fine vertical vessels passing up into the thala- the upper vermin will displace the vein forward and upward. A mass

mus. They are difficult or impossible to define in the AP view. i n the pineal region will press the precentral cerebellar vein down-
ward. The precentral cerebellar vein drains into the great vein of

Posterior choroidal arteries Each posterior cerebral artery gives Galen at its posterior end, where it joins the straight sinus. In the
off a medial posterior choroidal artery and also two or more frontal view the vein is difficult to recognise because of the other
lateral posterior choroidal arteries. The medial posterior choroidal l arger overlying midline veins. Occasionally its origin can be seen in
artery arises first, just lateral to the bifurcation of the basilar the AP view as an inverted `Y' draining up from the fourth ventricle.
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Fig. 55.26 Normal veins of the posterior fossa and their relationship to the normal structures. 1. Inferior vermian vein; 2. precentral cerebellar vein;
3. posterior mesencephalic vein; 4. anterior pontomesencephalic vein; 5. petrosal vein; 6. lateral mesencephalic vein; 7. brachial vein; 8. vein of the lateral
recess of fourth ventricle; 9. transverse pontine vein; 10. peduncular vein; 11. retrotonsillar veins. (After Huang & Wolf 1970.)

The brachial vein drains into the petrosal vein and is best seen in
the Towne's view where it lies at an angle of 45 ° to the midline.
The lateral mesencephalic vein may connect it with the posterior
mesencephalic vein.

The normal aortic arch and great vessels are illustrated in
Figure 55.27A. This arrangement is present in the majority of
people but anomalies are seen in about a quarter of the population.
In our own angiographic material the variation that was seen most
often was a common origin for the innominate and the left common
carotid artery (Fig. 55.27B). Obvious cases arc recognised readily
but it is sometimes difficult, or even impossible, to distinguish
minor degrees, even in the oblique position. because of overlapping
of vessels. About 20% of our white patients had this anomaly, but it
appears to be even more common among blacks, being present in
36% of reported autopsies.

The remaining anomalies show a fairly constant incidence and
are also of importance. Thus the left vertebral arises from the aortic
arch in 5% of patients, so its origin can only be seen in these cases
by arch aortography and not by subclavian catheterisation
(Fig. 55.27D). An aberrant right suhclavian artery is present in
I -2% of patients. This is also important because it may he a cause
for right transaxillary catheterisation failing to enter the ascending
aorta (Fig. 55.27E). In a few of these cases the right and left
common carotid arteries arise from the aorta by a common trunk
(truncus bicaroticus).

The anterior pontoinesencephalic vein runs on the anterior
surface of the pons, where it forms an irregular concave curve. It

marks out the posterior wall of the pontine cistern and the anterior
surface of the pons. Below, it communicates with the right and left
petrosal vein. Above, it drains into the posterior inesencephalic
vein. The latter is superimposed on the basal vein in lateral view
and may drain into it.

The lateral mesencephalic vein also communicates with the pos-
terior mesencephalic or basal vein. It passes downward and forward
at an angle of about 80° in the lateral view and connects with the
superior petrosal sinus, via the brachial and petrosal veins.

The superior vermian vein passes along the superior vermis to
terminate in the great vein of Galen near the termination of the pre-
central cerebellar vein. It may join the precentral vein, or the basal

vein, or he continuous with the inferior vermian vein. Again it is
difficult to identify in the anterior view, although easily seen in the
l ateral view.

The paired inferior vermian veins lie near the midline. Both
commence with a superior and inferior retrotonsillar vein outlining
the hack of the tonsil and drain up the inferior vermis. They usually
end in the straight sinus but can join the superior vermian vein. In
l ateral view they are easily recognised as they lie as much as 1 cm
from the occipital bone and mark the anterior margin of the cisterna
magna.

The petrosal vein lies just above and lateral to the internal audi-
tory meatus. It is fed by the brachial vein and drains into the supe-
rior petrosal sinus. It is best seen in the Towne's view and was of
considerable importance in the assessment of angle tumours, as
acoustic neurinomas or other angle tumours usually elevate or
obliterate the petrosal vein.



Fig. 55.27 Anomalies of the aortic arch branches. (A) Normal. (B) J oint
origin of innominate and left common carotid. (C) Left common carotid Fig. 55.29 Anomalies of the circle of Willis. The posterior communicating
arises from innominate. (D) Left vertebral arises from arch. (E) Anomalous artery is most frequently involved and combined lesions are common.
right subclavian. (From Sutton, D., Davies, E.R. (1966) Clinical Radiology, (a) Hypoplastic anterior communicating (3%); (b) hypoplastic proximal
17, 330-345.) segment of anterior cerebral (2%); (c) hypoplastic posterior communicating

(22%); (d) carotid origin of posterior cerebral (15%). (After Alpers et al
1959.)

Fig. 55.28 Some rare anomalies of the great vessels (see text).

Apart from the commoner anomalies illustrated in Figure 56.27,
many other rarer anomalies have been described. These include
(Fig. 55.28):

I . Origin of all four great vessels independently from the
arch (A)

2. Both common carotids arise together (truncus bicaroticus)
between the right and left subclavians (B)

3. Origin of the left common carotid from the left subclavian (C)
4. Origin of both common carotids from the left subclavian (D)
5. The left vertebral arises from the arch, and the left common

carotid from the innominate (a variant of anomalous left
vertebral from the arch already described) (E).

The posterior communicating artery may also he small or
hypoplastic. Such anomalies of the circle of Willis can be very

important when stenosis or obstruction of a major extracranial
vessel occurs, as it normally provides a collateral circulation.

Congenital hypoplasia of the intracranial part of the internal
carotid arteries has been described and in such cases a collateral
circulation may develop from the primitive vascular `rete' or
network present in the embryo at the base of the skull.

Congenital anomalies of the brain such as agenesis of the corpus
callosum may also be associated with arterial anomalies. In this
condition the anterior cerebral arteries may be represented by a
large common trunk in the midline, or two arteries may be present.
In either case the anterior cerebral artery pursues an abnormal
course. It passes more vertically upward, and as there is no corpus
callosum the pericallosal branch is abnormal in course and situa-
tion. The common trunk anterior cerebral artery (azvgos anterior
cerebral artery) may also be seen as an isolated anomaly. The
common carotid artery usually bifurcates at the level of C3 or C4
just below the angle of the jaw. In some 15% of cases, however, it
may bifurcate at lower levels, although rarely below the C6-7 disc
space. In about 2% of cases the bifurcation lies at or about the C2

level.
Anomalies of the internal and external carotid arteries are less

common, but are recorded. They include:

1. External carotid artery:
a. Absence of the external carotid with its territory supplied by

collaterals
b. Branches of the external carotid arising from the internal

Congenital anomalies of the intracranial circulation are relatively carotid
uncommon, with the exception of anomalies of the circle of Willis c. Lateral position of the external carotid instead of normal
(Fig. 55.29). The first part of the anterior cerebral artery may be medial position relative to the internal carotid at its origin.
small or hypoplastic on one side. In these cases both anterior cere- 2. Internal carotid artery:
hral arteries fill from the other side with the aid of the anterior com- a. Aplasia of the internal carotid artery
municating artery. b. Hypoplasia of the internal carotid artery
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Fig. 55.32 Acoustic artery (arrow) connecting basilar artery to internal
carotid. This had been ligated in the neck for an aneurysm arising from its
suprasellar segment. A vertebral arteriogram shows it still filling from the
basilar (intra-arterial DSA study).

Fig. 55.34 Origin of the vertebral artery from the carotid in the neck.
This is an example of the proatlantal intersegmental artery. Lateral view.

other branches of the external carotid may involve it, with resulting
unilateral blindness.

Equally rare is a middle meningeal artery arising from the stape-
dial artery. This is an anomalous branch of the petrous segment of
the internal carotid which passes through the middle ear and
t( amen.

Vascular lesions will be considered under the following headings:

I. Aneurysm
2. Angiomatous malformation
3. Arteriovenous fistula
4. Intracerebral haematoma

5. Embolus

6. Vascular stenosis and thrombosis.

In this chapter we are concerned with the findings and appearances
at angiography. However, these lesions are also considered in some
detail in Chapter 58, where the emphasis is mainly on the findings
at scanning by CT or MR.

Most intracranial aneurysms are berry aneurysms. Fusiform
aneurysms and vascular ectasias can also occur, as can dissecting
aneurysms (Fig. 55.35).

Aneurysms may present clinically in three different ways. By far
the commonest mode of presentation, and that seen in over 90% of
the cases encountered, is by subarachnoid haemorrhage. The
second mode of presentation is by pressure upon cranial nerves,

Fig. 55.33 Hypoglossal artery connecting carotid and basilar arteries.
Lateral view.

Anomalous middle meningeal artery: the middle meningeal
artery or its anterior branch may occasionally arise from the oph-
thalmic artery. The converse, an ophthalmic artery arising from the
middle meningeal, may also occur. Although very rare, the anomaly
i s of considerable importance, as embolisation of the maxillary or



advantage of being able to prescribe retrospectively an almost
unlimited range of projections, free of vascular overlap, can make
these forms of angiography preferable to more conventional intra-
arterial studies; they may enable the neck of the aneurysm to be
shown better (Fig. 55.4) and may also be better at distinguishing
aneurysms from vascular loops; these can sometimes pose a diag-
nostic problem when only a limited number of projections are
available. The non- or minimally invasive techniques are the most
appropriate to use if screening for intracranial aneurysms is con-
sidered useful in high-risk populations (such as patients with
polycystic disease of the kidneys) or with patients who have
suffered severe sudden headache that could have been due to sub-
arachnoid haemorrhages (thunderclap headache). These non-
i nvasive techniques are also the most appropriate for investigating
patients with cranial nerve palsies possibly due to aneurysms
(Fig. 55.4). Intra-arterial angiography should no longer be used
for these indications, assuming that these non-invasive techniques
are available. Finally, an increasing number of patients presenting
with subarachnoid haemorrhage or painful IIIrd cranial nerve
palsies are now proceeding to surgery on the basis of MR or CT
angiography only.

Direct angiography When the brain CT findings localise the
source of bleeding, direct angiography may occasionally be
li mited, if clinically advisable, to a single carotid angiogram or
vertebral angiogram, thus saving the patient from the more exten-
sive four-vessel studies. The latter are, however, usually requested
by the neurosurgeon, if the patient is considered fit, as aneurysms
may be multiple.

Four-vessel studies These required injection of both internal
carotids and either both vertebrals, or one vertebral with good
reflux down the other, thus demonstrating all relevant intracranial
vessels. For the carotid angiogram, lateral, AP and oblique films
are usually required; it may also be necessary to take an oblique
transorbital view, and occasionally an axial view. The aim is to
show the aneurysm clearly and the relationship of its neck to the
vessel of origin.

For the vertebral angiogram lateral and Towne's views arc
required with good subtraction films. A lateral oblique view, to
show the origins of the posterior inferior cerebellar arteries clearly,
may also be helpful.

Aneurysms are demonstrated in the majority of cases (55%) and
angiomas in a significant minority (10%). Only 15-20% of cases are
negative after direct angiography. Repeat angiography after 6 weeks is
still advocated by some units in angiographically negative cases, and
an aneurysm is then recognised a further 2% or so. Follow-up of
patients with negative findings indicates that they have a much better
prognosis than patients in whom an aneurysm is shown.

Cerebral aneurysms are multiple in between 5 and 15% of cases.
Such multiple aneurysms can be well shown by MR (Fig. 55.36).
In such cases the clinical features or CT scan may help to decide
the source of the haemorrhage, or local vascular spasm may point
to the aneurysm responsible. Following a recent bleed, the vessels
in the region of the ruptured aneurysm often become spastic and
narrowed. Sometimes the spasm is more widespread, involving
most of the intracranial arteries. This spasm is readily identified
on the arteriograms and is a factor contributing to the clinical
symptoms. Other features which may help to identify the bleeding
aneurysm, when multiple aneurysms arc present, are the size of the
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Fig. 55.35 Vertebral arteriogram showing dissecting aneurysm of a pos-
terior interior cerebellar artery (MR study).

A Trauma
B Spontaneous

1. Aneurysm
2. Angioma
3. Atheroma
4. Tumour
5. Blood dyscrasia or anticoagulants

particularly around the circle of Willis and lateral to the cavernous
sinus and giving rise to oculomotor pareses. The third cranial nerve
i s the one most commonly involved. Third, in a few cases, the
aneurysm may reach a very large size and simulate an intracranial
tumour. Symptomless aneurysms are occasionally encountered as
unexpected findings at cerebral CT or MRI.

This is discussed in detail in Chapter 58.
I n the past, suspected cases of SAH were investigated by direct

angiography and often required four-vessel studies. Today, the
primary investigations of choice are CT or MRI. These will often
provide diagnostic evidence by showing blood in the basal cisterns
or sulci or an intercerebral haematoma (see Ch. 57), but some cases
may be equivocal or negative. In cases where surgery or interven-
tion is being considered, cerebral angiography will be required.
Non-invasive angiography by MRI or spiral CT is increasingly
favoured but in patients considered likely to benefit from surgery or
where non-invasive findings are negative or equivocal, direct
angiography is still required by many neurosurgeons. It is also
required where endovascular treatment by the radiologist is being
considered or undertaken.

Non-invasive angiography The distinction between mildly non-
invasive procedures (IV DSA and IV CE spiral CT) and non-
i nvasive methods (MRI and ultrasound) has been explained
above, as has the distinction between those with and without radi-
ation hazards. MR angiography and 3D CT angiography have
been shown to detect convincingly all aneurysms greater than
2-3 mm in size and some aneurysms smaller than this. The
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fill from one carotid yet have ruptured into the contralateral frontal
l obe.

Natural history Aneurysmal subarachnoid haemorrhage is still a
devastating disease: at least 50% of patients reaching hospital die
or are left disabled. The cause is rebleeding in about 15% and
delayed ischaemic neurological deficit in most of the rest.
Exclusion of the aneurysm by operative clip or endovascular tech-

niques reduces but does not eliminate the risk of rebleeding, and
medical therapies aim to reduce the risk of ischaemia. Although
the risk of rebleeding is still often stated to be 50% in the first 6
months, untreated this undoubtedly is an overestimate. Most
rebleeds occur within 24 h and the risk steadily declines, perhaps
to about 2% per year, or even less, by around 6 months postictus.
The risk of bleeding of unruptured aneurysms, formerly given in
about 2% per year, is now known to be less than 0.1 %, basilar tip
aneurysms having the highest risk (about 0.8% per year).

It is probable that a subarachnoid haemorrhage is a sudden inci-
dent lasting only a short time. It is followed by a drop in blood
pressure, with sealing off of the point of haemorrhage by clot. It is
therefore extremely unlikely that haemorrhage will be shown at
angiography by contrast extravasation. However, like other investi-
gators, we have, on isolated occasions, seen evidence that the
aneurysm was actually bleeding at the time of injection. It should
be emphasised that this is excessively rare and we have only seen it
three times in a review of 1000 cases of subarachnoid haemorrhage
examined by direct angiography.

Site of aneurysms Aneurysms giving rise to subarachnoid

haemorrhage may occur anywhere in the cerebral circulation but
they are most frequently around the circle of Willis and in one or
two other sites. Thus, in one large series, supratentorial
aneurysms occurred most frequently at:

1. The origin of the posterior communicating artery (27%)
2. The junction of anterior communicating and anterior cerebral

artery (27%)
3. The bifurcation or trifurcation of the main middle cerebral

trunk (20%)
4. The terminal segment of the internal carotid artery (6%).

Aneurysms of the peripheral vessels are relatively uncommon,
although occasionally encountered. In the posterior fossa, aneu-
rysms causing suharachnoid haemorrhage and shown by vertebral

found, mainly:
Fig. 55.36 Multiple aneurysms. MR angiography without contrast injec-

arteriography have been

tion. (A) MIP projection (contrast reversal); (B) a 3D shaded surface display; I . At the basilar termination
(C) direct left carotid angiogram shows anterior communicating aneurysm 2 At the junction of posterior communicating and posterior
and posterior communicating aneurysm.

cerebral arteries
3. At the origin of the posterior inferior cerebellar artery from the

aneurysm and the presence of local haematoma. In the majority of
vertebral artery (Fig. 55.35)

cases it is the largest aneurysm which bleeds.
4

e
veAt verteb the bra l robasilar junction.

Ruptured aneurysms may haemorrhage into the brain and
produce large intracerebral haematomas (Fig. 55.37). These may They have also been shown at the origin of other smaller

act as mass lesions and produce displacement of superficial vessels vessels from the basilar artery and very rarely on more peripheral

and even shift of the anterior cerebral artery across the midline. In vessels.
these cases, and in the absence of a CT scan, the diagnosis of Aneurysms-with the exception of the large atheromatous

haeniatoma will be based on the history and the demonstration of a aneurysms, to be described later usually arise at points of bifurca-

source for the haemorrhage, such as an aneurysm or angioma. CT tion of cerebral arteries. There is evidence of a defect in the muscle
scanning will of course show an intracerebral haematoma clearly coat at this point and this has given rise to the theory of congenital

prior to angiography. Such intracranial haematomas may them- origin of these lesions. However, there is no doubt that other
selves be the cause of symptoms and require surgical treatment by factors, such as age, atheroma and hypertension, are most important

evacuation. Sometimes an anterior communicating aneurysm may in their aetiology.



The vast majority of cases present in middle-aged or

elderly patients and there is a higher incidence among hyper-
tensives. This probably accounts for the recorded associations
with coarctation, polycystic kidneys and fibromuscular hyper-
plasia.

Subdural haematomas, usually shallow, may also result from
ruptured aneurysms and should be carefully looked for when
inspecting the angiograms or preliminary axial scan.

Many neurosurgeons, when they consider internal carotid ligation,
feel that it is important to have cross-compression angiographic
studies in order to determine whether there is free flow across the
anterior communicating artery. Such cross-compression studies are
made by compressing the carotid on one side while injecting the
other. With a freely patent anterior communicating artery, both
anterior cerebrals and both middle cerebrals will fill; however, a neg-
ative result can be unreliable.

We have noted above that some cases of aneurysm may present by
pressure upon cranial nerves leading to the orbit. The commonest
nerve to be involved is the Illrd nerve, but the IVth, Vth, and Vith
nerves can also be affected. These lesions are usually produced by

Fig. 55.38 Posterior communicating aneurysm shown in lateral view by
arterial DSA study.

Fig. 55.37 (A) CT scan showing blood in subarachnoid space and large
haematoma in left temporal lobe, indicating ruptured aneurysm at middle
cerebral bifurcation. (B) Lateral view showing displacement of middle cere-
bral vessels by large haematoma in the left temporal lobe from ruptured
i rregular aneurysm at left middle cerebral bifurcation (arrows).
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Fig. 55.39 Posterior
communicating aneurysm
shown in lateral view (MR
study).

aneurysms lying in the cavernous sinus or arising from the origin of
the posterior communicating artery (Figs 55.4. 55.38, 55.39).
Intracavernous aneurysms are more common in women and are bilat-
eral in 1 0% of cases (Figs 55.40, 55.41). Occasionally a suprasellar
aneurysm may involve the optic chiasm or an optic nerve. The
primary investigation for suspected pressure producing aneurysms are
non-invasive (see later).

Fig. 55.40 Large left intracavernous aneurysm projecting medially and lat-
erally. There is a smaller right intracavernous aneurysm (intravenous DSA
study).

These lesions are of congenital origin and arc to he differentiated from
the simple arteriovenous fistula which is usually due to trauma.

Although they are generally accepted as being of congenital
origin, the majority of cases present in early adult life. It is probable
that they increase in size with age and that this increase proceeds
more rapidly once adult blood pressure has been established. The
communication between the arteries and veins lies over the surface
of the brain, but if large in size it extends down into the brain sub-
stance in the manner of an inverted cone. In the silent areas of the
brain they may be completely symptomless. Should they lie,
however, in such sensitive areas as the motor cortex or the occipital

Large supratentorial aneurysms presenting clinically as tumours are
relatively rare. The true diagnosis may not be suspected before CT
or angiography unless marginal calcification is present before CT or
MRI, unless calcification is present on simple X-ray.

Large athcromatous aneurysms of the basilar artery are also rare,
but when they do occur they may also simulate tumours. Vertebral
angiography would demonstrate an aneurysm as a surprise finding
i n such cases unless a prior CT scan has suggested its presence.
Basilar ectasia also due to atheroma can produce a dilated, elongated
and kinked basilar artery with similar clinical symptoms. Again, CT
or MRI will diagnose these without direct angiography. Occasionally
l arge aneurysms of the internal carotid artery may bulge forward into Fig. 55.41 Bilateral intracavernous aneurysms. MR angiography. (A) MIP

projection. (B) 3D shaded surface display. This study was made after intra-
the orbit. Such aneurysms will erode the sphenoitial fissure and may venous contrast injection: contrast-enhanced 3D MR angiography.

even produce proptosis. In these cases differential diagnosis at simple
X-ray is from a secondary deposit or the rare erosive type of menin-
gioma. However, the erosion produced by an aneurysm is fairly char-
acteristic, and usually involves the lateral margin of the optic foramen
or anterior clinoid and jugum (Figs 55.42-55.44).



Fig. 55.42 Huge intra- and suprasellar aneurysm of right internal carotid. (A) Lateral view. (B,C) CT cuts through anterior clinoids and suprasellar cis-
terns, respectively, show bony erosions (arrow) and rounded mass of aneurysm (arrow). (D) Post-enhancement CT shows the aneurysm clearly.

cortex, they will produce appropriate symptoms and physical signs. because the blood is passing direct from arteries to veins with no
In the former case jacksonian epilepsy is likely to result; in the latter intervening capillary circulation. Depending on the size of the
case cortical field defects may be demonstrated. Apart from the arteriovenous shunt, there will be compensatory hypertrophy of the
physical signs, these lesions may give rise to headaches, usually afferent vessels supplying it, and also increase in size of the drainage
of a migrainous character. A small but significant proportion veins. With large angiomas blood appears to be diverted away from
of cases present by rupture of the angioma and subarachnoid the remaining normal cerebral vessels. Indeed, the lesion has been
haemorrhage. likened to a `sponge' or parasite in this respect. This diversion of

Simple X-ray of the skull in these cases has been discussed blood may possibly give rise to cerebral ischaemia and account for
above (see Ch. 53), but CT or MRI are the usual first investigations some of the symptoms.
and are often diagnostic (see Ch. 58), as is intravenous DSA In cases where an angioma has ruptured, an intracerebral

(Figs 55.45, 55.46). However, arteriography will still be required haematoma may result, with displacement of vessels as by any

for accurate delineation of the lesion for neurosurgical purposes or other intracranial mass. Such intracranial haematomas are well
for intervention by the radiologist (see Ch. 56). shown by CT or MRI.

Angiomatous malformations vary in size from small lesions With small angiomas which have ruptured, the angioma may clot
difficult to demonstrate at angiography to large and spectacular vas- and it may be difficult or impossible to demonstrate the lesion at
cular masses (Fig. 56.46). It is a characteristic angiographic feature angiography. However, the clinical history of a subarachnoid
that the drainage veins fill in the normal arterial phase. This is haemorrhage with radiological evidence of an intracercbral
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Fig. 55.43 Giant terminal right-internal carotid aneurysm. (A) Coronal MRI
(B,C) Contrast-enhanced 3D angiogram B is a source image showing the neck of the
aneurysm C is a shaded surface display.

Fig. 55.44 Large basilar aneurysm presenting as a
suspected pontine tumour. (A) Lateral and (B) axial MR.
(C,D) Large terminal basilar aneurysm partially throm-
hosed; AP and lateral vertebral arteriogram.

haematoma at a peripheral site may cause suspicion. Sometimes the internal carotid, so that the external carotid artery should he
some evidence of a lesion may remain-for example, delayed shown as well as the internal carotid. In one large series 80% of
filling in a peripherally clotted vein. supratentorial angiomas were supplied purely by pial vessels, 1 5%

Planning treatment of angiomas requires full demonstration of all by both pial and dural vessels, and 5% were purely dural in blood
feeding arteries and drainage veins. In some cases this will require supply (see Dural AV Malformations, below). Infratentorial
bilateral carotid angiography; in others, vertebral angiography may angiomas arc not uncommon and constituted 20% of the cases in
also be required, even though the lesion is supratentorial. Some the series just quoted; among these infratentorial angiomas, dural
angiomas are fed by nieningeal vessels as well as by branches of lesions were relatively more frequent (33%).



Fig. 55.47 (A) Large angiomatous malformation in the region of the anterior end of the corpus callosum. (B) Drainage is mainly by a hypertrophied
i nternal cerebral vein to the vein of Galen and straight sinus.

This may he due to trauma causing a direct communication
between an artery and a vein. It may also he due to rupture of the
wall of an aneurysm or diseased artery into an adjacent or adherent
vein.

Intracranial arteriovenous fistula is rare and is most frequently
seen in the cavernous sinus. Most of the cavernous sinus cases
encountered are due to trauma, but a significant proportion, particu-
l arly in female patients, are due to the second of the mechanisms
mentioned, i.e. spontaneous rupture of a diseased arterial wall.

The condition may he very difficult to demonstrate by angiogra-
phy. If there is a large shunt through the fistula it will best he shown

Fig. 55.46 Cerebellar arteriovenous malformation. (A,B) MR angiogra-
phy without contrast injection. A 3D shaded surface display.

opening directly into the vein. Heart failure or irreversible brain
damage may occur, and also a form of hydrocephalus in which
ventricular shunting may he detrimental and is to be avoided.

Spinal angiomas With the increasing use of spinal angiography
(see also Figs 56.10 and 56.58) spinal angiomas have been
demonstrated in increasing number and treated by surgery or

Fig. 55.45 Parasagittal angioma shown by intravenous DSA. embolisation (see Ch. 56). Spinal angiography is of little help in

The above discussion concerns the common artcriovenous trial -
the diagnosis of spinal tumours except in spinal hacmangio-

formation (AVM). Other types of angioma include cavernous
blastoma, where a characteristic appearance similar to that seen in

angionut , venous angioma and capillary is langiec tusiu. These are
the posterior fossa will be shown (see Ch. 54).

all less typical or negative at angiography but are shown by CT or
MRI. The cavernous angioma is not shown: the venous angioma
may show a small collection of venules with a single drainage vein
but can easily be missed, capillary telangiectasia may show a small
non-specific capillary blush.

Aneurysm of the vein of Galen (Figs 55.47, 55.48) This is in
fact another manifestation of cerebral angioma, the dilated vein
being secondary to AV shunting through an angioma, usually in
the brainstem or medial temporal lobes. Some cases usually pre-
senting in infancy, however, seem to he due to a congenital mal-
formation of the venous system; the hugely dilated central venous
structure is a persistent embryonic vein known as the median vein
of the prosencephalon. The AV shunt is from choroid d arteries
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3. The basal vein - the straight sinus
4. The convexity veins -* various sinuses.

As already noted, the venous outflow may pass to the contralateral
as well as the ipsilateral veins. Subtraction films are essential in
elucidating the complex venous anatomy.

Vertebral AV fistula has been encountered in the past, mainly as a
complication of vertebral angiography by needle puncture. It has
also been encountered following closed trauma. So-called `congeni-
tal' cases have also been described, although birth trauma cannot be
excluded in these cases. Successful treatment of both carotico-
cavernous and vertebral fistulas has been effected by detachable
balloon catheters. This is described in Chapter 56.

It is now well known that many apparent spontaneous carotico-
cavernous fistulas are dural shunts between meningeal branches of
the internal or external carotid artery and dural veins near the
cavenous sinus. Differentiation of these dural shunts from direct
internal caroticocavernous sinus fistula is important both for prog-
nosis and treatment. Clinically the signs of an arteriovenous fistula
are less marked with a dural shunt, but they include proptosis,
chemosis and elevated intraocular pressure. The shunt is one of low
pressure and low flow and needs first-class subtraction films for its
demonstration. Selective angiography of both internal and external
carotid arteries will be required, as the lesion may be fed by
meningeal branches of the internal or external carotid artery, and
can have multiple feeders. From the external carotid artery, either
the middle meningeal or the distal internal maxillary branches may
supply the fistula. From the internal carotid, the meningohypo-
physcal trunk may be the source of supply (Fig. 55.50). This small
vessel arises from the internal carotid just before it enters the
cavernous sinus. Bilateral injections will be necessary, as once a
fistula is established it can be fed from both meningohypophyseals.
Similar dural arteriovenous malformations can occur at other sites,

Fig. 55.49 AV fistula in the cavernous sinus (caroticocavernous fistula). (A) Lateral view showing contrast entering cavernous and superior petrosal sinus
(arrow). (B) AP view showing contrast medium entering left cavernous sinus (arrow) and crossing over to fill the right cavernous sinus (arrow). The right
carotid siphon appears as a defect in the opacified sinus.

Fig. 55.48 Vertebral angiography demonstrates a vein of Galen
aneurysm, secondary to an angioma.

by using larger doses of contrast medium and higher concentrations
than usual. Figure 55.49 illustrates a case of spontaneous AV fistula.

In this case there is a cross-flow of contrast medium to the cav-
ernous sinus on the opposite side. The contralateral internal carotid
artery appears as a filling defect in the opacified sinus.

With cavernous sinus fistula, several different venous outflow
pathways may occur. These include:

1. The superior ophthalmic vein -- the facial veins; or the inferior
ophthalmic vein -- pterygoid plexus ---> the facial veins

2. The superior petrosal sinus --- > the sigmoid sinus



Fig. 55.50 (A) Dural AV fistula supplied by meningohypophyseal trunk (arrow). (B) The drainage is into the superior ophthalmic vein (arrows).
Subtraction prints.

but they are commonest at the base of the skull and in the occipito- sure. These lesions may change over time due to thrombosis of
mastoid area. Figure 55.51 shows diagrammatically the meningeal draining venous pathways, and although spontaneous complete cure
vessels from which these lesions can arise. may occur, this is unusual. Lesions draining extracranially may sud-

Dural arteriovenous malformations probably arise as a fistula denly begin to drain intracranially, and clinical changes such as loss
which progressively recruits secondary arterial feeders from the of tinnitus do not necessarily mean spontaneous cure.
existing microcirculation or perhaps via flow-induced angioneo- In a review of 28 cases it was reported that 14 lesions were basal,
genesis. They drain most often via dural veins to the extracranial mostly in the middle fossa and involving the cavernous sinus, 1 1
veins. However, some drain intradurally into the cerebral veins, were occipitomastoid, one was on the convexity, and one at the free
where they may be responsible for intracranial haemorrhage or edge of the tentorium. Lesions that are entirely fed by branches of
i ncreased intracerebral venous pressure and interstitial fluid pres- the external carotid are eminently suitable for treatment by emboli-

VASCULAR IMAGING IN NEURORADIOLOGY 1699



Fig. 55.31 Anomalous communications between the carotid and verte-
brobasilar systems. (a) Trigeminal artery; (b) acoustic artery; (c) hypoglossal
artery; (d) proatlantal intersegmental artery.

c. Separate origins of the internal and external carotid
arteries-on the right side from the innominate and
subclavain, on the left side from the aortic arch.

A rare but important variant of the internal carotid is an anom-
alous intrapelrosal course. Normally the vessel kinks medially and
forward after entering the carotid canal and lies close to the inferior
aspect of the tympanic cavity. In this anomaly it buckles laterally
into the tympanic cavity. This is best seen in the AP or oblique
views and the vessel is narrowed and uneven. Clinically this can
give rise to pulsating tinnitus and a reddish pulsatile `tumour'
behind the tympanic membrane. The correct diagnosis can he
confirmed by angiography, and a potentially fatal operation can be
avoided.

Size of arteries The vertebral arteries vary markedly in size. On
the one hand the vertebral artery may be almost as large as an
internal carotid artery, on the other hand it may have a lumen as
small as I or 2 mm and may appear very tiny on the arteriograms.

Such small vertebrals (usually the right) may terminate in the
posterior interior cerebellar artery, and not join the basilar artery.
The average vertebral artery lies somewhere between these
extremes, and on the X-ray film its lumen measures 3-4 mm in
diameter. In the same individual the two vertebral arteries can be
very different in size, although in approximately 30% of patients
the two vertebral arteries are equal. In the remaining 70% of
patients, about 40% have a left vertebral larger than the right and
about 30% have a right vertebral larger than the left. The basilar Fig. p55.30l e of Anomalous carotid-basilar anastomosis (arrow). This is an

exam the trigeminal artery. Lateral view.
artery can also vary greatly in diameter, being quite small when
both posterior cerebrals are supplied from the internal carotids.

hypoglossal artery, so called because they accompany the cor-
Anomalous vertebral arteries An important anomaly, the origin responding cranial nerves (Fig. 55.31). The acoustic artery con-
of the left vertebral artery direct from the aortic arch between the nects the internal carotid artery with the basilar by an artery
l eft common carotid and the left subclavian arteries, is described accompanying the VIIth and VIIlth nerves through the internal
above. Left vertebral catheterisation from the femoral artery in auditory meatus (Fig. 55.32). It is excessively rare, and special
these cases is more difficult, and from the axillary artery it is projections, including a basal view, may be necessary before a
i mpossible. There are a number of other but much rarer anom- case can be regarded as authenticated.
alous origins for a vertebral artery. Thus it may arise from the The hypoglossal artery, which passes through the anterior condy-
i nnominate artery, from the inferior thyroid artery, or even from l oid foramen at the base of the skull after arising from the internal
the common carotid artery in the neck. Another very rare anomaly carotid in the neck, is less rare, although still less common than the
is the origin of the right vertebral from the distal part of the aortic trigeminal artery (Fig. 55.33).

arch. Such a vessel must pass behind the oesophagus like an The proatlantal intersegmental artery i s also very rare
anomalous subclavian artery in order to reach the right side of the (Fig. 55.34). The essential feature is that the artery arises from the
neck. internal carotid and joins the horizontal part of the vertebral artery

The terminal segment of one vertebral beyond the origin of the as it lies on the atlas.

posterior inferior cerehellar artery may be hypoplastic. Fenestration
of the terminal segment has also been described, as has fenestration
of the basilar artery.

Communications between the carotid and vertebrobasilar

system Normal communications exist between the muscular
branches of the vertebral artery and muscular branches of the
ascending pharyngeal and occipital arteries. Large abnormal com-
munications between the internal carotid and vertebrobasilar
systems may also occur. The most frequent of these (about I in
500 cases) is between the internal carotid artery as it enters the
cavernous sinus and the termination of the basilar artery. This
artery passes round the base of the sella and is termed the trigemi-
nal artery, because of its close relationship to the trigeminal nerve
(Fig. 55.30). Anastomosis at a more proximal level is less fre-
quent. Named communications are the acoustic artery and the
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Cerebral embolus most commonly arises from clot in a fibrillating
auricle. It is therefore most frequently seen as a complication of mitral
stenosis. Like embolus elsewhere, it is sometimes seen following
coronary infarction and clot formation in the left ventricle. It may also
result from paradoxical embolus, or from dislodgement of clot in an
aortic aneurysm. Small emboli can also result from clot forming on

the surface of atheroniatous plaques in the aorta and great vessels.
Catheter clot embolus is a complication of arteriography and is dis-
cussed in Chapter 15. A cerebral vessel occluded by embolus is
readily shown by arteriography, provided it is sufficiently large. In the
writers' experience the middle cerebral artery is the commonest site
for a major cerebral embolus. This is not surprising as the middle
cerebral artery takes the major blood flow after bifurcation of the
i nternal carotid artery. Embolus of smaller peripheral vessels may
require careful study of rapid serial angiographic films before the
lesion is recognised. A major embolus is now readily diagnosed by
CT (see Ch. 58) or by MRI, but the tiny emboli which occur in tran-
sient ischaemic attacks (TIAs) cannot be so identified.

Atheromatous stenosis and thrombosis of the internal carotid
arteries before they enter the cranium can be a cause of cerebral
symptoms. Thus the internal carotid artery may be stenosed or
thrombosed just distal to its origin from the common carotid artery
(Fig. 55.53). Less commonly, atheromatous stenosis is seen in the
carotid siphon. Originally it was thought that simple stenosis pro-
duced symptoms but later it was suggested that platelet emboli from
ulcerating plaques were responsible (see below). However, it is now
accepted that only severe stenosis (i.e. more than 70%) is a major
risk factor for stroke and an indication for surgery.

I n the same way, but less frequently, the vertebral artery may be
stenosed or thrombosed by atheroma near its origin from the sub-
clavian artery (Figs 55.54, 55.55). It has also been claimed that the
vertebral artery can be compressed in its cervical portion by pres-
sure from osteophytes, and, further, that rotation of the neck may
compress the vertebral artery in some elderly patients. The clinical
significance of vertebral lesions is debatable, as there are still no
reliable controlled studies relating them to vertebrobasilar
insufficiency, and the value of surgery for vertebral stenosis remains
controversial.

Finally, stenosis or thrombosis of the innominate, common
Fig. 55.52 Dural AV fistula supplied by the occipital artery and draining carotid and subclavian arteries may occur in the thorax, and was
i nto the lateral sinus and internal jugular vein. Superselective occipital artery claimed by some to affect the cerebral blood supply; however.
i njection (subtraction print). This case was successfully treated by percuta- smooth non-ulcerating lesions in these vessels are unlikely to
neous embolisation.

produce cerebral symptoms. Multiple lesions are well shown by

cation (Fig. 55.52). This is a particularly valuable treatment of these
i ntravenous DSA (Fig. 55.56).

l esions, as direct surgery is difficult and carries a high rate of com- Collateral circulation I n the case of unilateral internal carotid

plications and recurrence. thrombosis, a collateral circulation may develop from several
sources. Blood may reach the affected hemisphere through the
circle of Willis, i.e. by flow across the anterior communicating
artery from the opposite side, and by retrograde flow along the

I ntracranial haematomas may be classified as extradural, subdural
posterior communicating artery from the basilar to the internal

and intracerebral. Arteriography can diagnose these lesions but has
carotid artery. In addition, anastomoses usually open up between

long been superseded by non-invasive methods, i.e. CT or MR] and,
the terminal branches of the maxillary artery and those of the oph-

in the case of infants, ultrasound. Diagnosis is discussed in detail in thalmic artery. This permits blood from the external carotid artery

Chapter 58. to reach the ophthalmic artery and flow retrogradely into the cere-
bral circulation. Anastomoses may also develop between the mus-
cular branches of the vertebral artery in the neck and branches of
the external carotid artery, such as the occipital artery (Fig. 55.57).
The usually excellent collateral circulation may explain why
symptoms are often absent, or are variable and unpredictable in
patients with carotid stenosis and thrombosis. Thus we have
encountered symptom-free patients with bilateral carotid thrombo-
sis at one end of the spectrum and patients with symptoms and
unilateral stenosis at the other. Eventual thrombosis may result in a
minor or major stroke, or paradoxically it may cure the symptoms.

Transient ischaemic attacks Symptoms in cases of internal
carotid stenosis may be due to small platelet emboli detached
from the surface of ulcerating atheromatous plaques. These can

give rise to the so-called transient ischaemic attacks (TIAs) with
focal symptoms, such as hemiparesis, hemiparaesthesia or
monocular amblyopia, which recover fairly rapidly. If untreated,
carotid occlusion may eventually ensue. Rather surprisingly, as
already noted, this can result in clinical improvement with sponta-
neous cure of the TIAs. On the other hand, thrombosis may result
in stroke, which may be minor, major or even fatal. Whether this
i s due to a major embolus or to extension of the thrombosis is



Fig. 55.54 Bilateral stenoses of the
i nternal carotid artery sinuses. (A) MR
angiography using the neurovascular
coil (3D contrast-enhanced MIP projec-
tion) showing the extensive coverage
achieved. (B) Higher resolution 3D con-
trast-enhanced image of the left carotid
artery shown as a shaded surface display.
The other arteries have been excluded
from the image. (C) Left carotid and ver-
tebral arteries. MR angiography con-
trast-enhanced 3D shaded surface
display. Mild smooth narrowing of the
left carotid sinus is shown. Neuro-
vascular coil, other areteries are
excluded from the display.

Fig. 55.53 (A) Stenosis of
the internal carotid arteries.
(B) Thrombosis of the internal
carotid artery in the neck.
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Fig. 55.57 Possible collateral pathways in cerebrovascular insufficiency.
(A,B) Posterior communicating and anterior communicating arteries of the
circle of Willis. (C) Communication between maxillary and ophthalmic
artery. (D) Communication between muscular branches of the vertebral
and the occipital artery. (E) Communication between the vertebral and
ascending cervical arteries. (F) Communications between the inferior
thyroid and superior thyroid arteries of the same and opposite sides.
(G) The vertebral artery providing retrograde flow to the subclavian (sub-
clavian steal). (H) Pial anastomoses between terminal branches of the
anterior cerebral, middle cerebral and posterior cerebral arteries. (J) Pial
anastomoses in the posterior fossa. (K) Meningeal anastomoses and rete
mirabile. (From Sutton, D., Davies, E.R. (1966) Clinical Radiology, 17,
330-345.)

Fig. 55.55 Arch aortogram showing occlusion of right common carotid
artery and left internal carotid artery and severe stenosis of the left sub-
clavian artery. The right vertebral is also occluded. (Subtraction print.)

Fig. 55.56 Four-vessel neck studies by intravenous DSA in three different patients. (A) Left carotid stenosis. (B) Bilateral carotid stenosis. (C.) Right
common carotid thrombosis.
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difficult to determine. Other factors that may increase the risk of An interesting feature is that the contrast medium, as it passes
stroke include heart disease with poor cardiac output, hyper- slowly up the cervical carotid, sinks to the posterior aspect of the
tension or hypotension. Also relevant is the presence or absence vessel, producing a `layering' effect. This is better appreciated if
of previous brain infarcts or other lesions. the radiograph is viewed in the brow-up position in which it was

As there was no reliable method of predicting the outcome, taken.
surgery was generally accepted as the treatment of choice and inter- It has been shown experimentally in animals that spontaneous
nal carotid endarterectomy, an operation pioneered at St Mary's respiration invariably ceases when intracranial pressure becomes
Hospital, London, has been widely practised. The value of the oper- equal to the diastolic blood pressure. The parallel between this
ation has also given rise to much controversy and to controlled observation and the clinical fact that most of the patients with
trials in Europe and North America (see below). pseudo-occlusion arc in need of artificial respiration is clear.

Subclavian steal The vertebral circulation may be seriously Surgical results Multicentre trials in Europe and North America

affected by thrombosis of the left Subclavian artery in its first part have established that severe, and only severe, atheromatous steno-

and proximal to the left vertebral origin. When this occurs, the sis (greater than 70%) of the proximal part of the internal carotid

l eft vertebral artery acts as a collateral to the left Subclavian artery is a clear and independent risk factor for stroke, and only

artery. Blood flows up the right vertebral artery and then retro- infrequently is it a necessary cause. They have also demonstrated

gradely down the left vertebral artery to the left subclavian artery, that correcting severe stenosis by carotid endarterectomy

where blood pressure has been lowered by the proximal sub- significantly reduces stroke incidence in this group, but the

clavian block. This siphonage of blood from the vertebrobasilar number of strokes thereby prevented in follow-up periods of 2-5

system to the arum has been christened the 'subclavian steal' phe- years is actually quite small, amounting to no more than I or 2%

nomenon. It has been claimed that the diversion of blood from of all strokes. Little or no controlled data exist about the

the brain may be considerable and result in cerebral symptoms. significance of vertebral artery stenosis or thrombosis in the pres-

The lesion is well demonstrated by arch aortography. Less corn- ence of symptoms of vertebral vascular insufficiency, and none

monly, siphonage of blood down the right vertebral artery may on the efficacy of operative treatment. Only a very small number

occur if there is an innominate or proximal right subclavian block. of patients (about 2%) have more proximal stenosis, near the

In the same way `carotid steal' may result from occlusion of a origins of the common carotid or subclavian arteries. These are

common carotid or innominate artery. usually smooth non-ulcerating lesions, and it is doubtful if they

In addition to the vertebral artery acting as a collateral to the arm, ever result in cerebral symptoms. It is also our experience that

a further collateral circulation may be derived from the external ` subclavian steal' is unlikely to produce cerebral symptoms and is

carotid artery and its branches to the thyroid axis. Collaterals have usually a chance finding,

also been demonstrated passing from the external carotid to the I n assessing the stroke risk in an individual patient with a carotid

muscular branches of the vertebral and this provides a further con- stenosis, it is necessary to consider the lesion not as an isolated

tribution to the vertebral blood flow. Other sources of collateral phenomenon, but in relation to the state of the cerebral circulation

supply are through the intercostals to the scapular and internal as a whole and the status of the brain itself. For example, cerebral

mammary arteries. CT or MRI may show diffuse ischaemic brain damage in white
matter and basal ganglia indicative of severe intracerebral vascular

Thrombosis of the internal carotid artery This may result from disease, or cortical infarcts in multiple vascular territories. Either of
several causes: these findings would suggest that an isolated carotid stenosis is of

I . I n the past, needle injection of the common carotid artery, l ess significance as a risk factor in that particular case.

particularly in the hands of an unskilled worker, was sometimes Imaging The most complete visualisation of the cerebral vascu-
accidentally made into the arterial wall. If the injection was sub- lature is routinely obtained by IV DSA (Fig. 55.56) but this now
i ntimal, an appearance resulted which superficially resembled can also be achieved by MRA or invasively by arch aortography
thrombosis. or a combination of arch and selective carotid arteriography. In

2. Thrombosis of the internal carotid artery has sometimes been general, however, the requirement of visualising all the cerebral
wrongly diagnosed when the tip of a needle, cannula or catheter circulation (including cervical and intracranial vessels) dimin-
has been at the bifurcation of the common carotid artery and the ishes in importance if carotid stenosis is regarded as only a poten-
main injection has entered the external carotid artery. As a result, tially remedial risk factor and not necessarily a cause of stroke.
the internal carotid artery, although patent, was not visualised. In all Sonography, MRA and 3D CT are usually directed only at the
cases where internal carotid thrombosis is suspected, the catheter carotid bifurcations, but the latter two techniques now may be
tip at test doses must be demonstrated to be below the point of extended quite easily to include great vessel origins and intra-
bifurcation of the common carotid artery. cranial vessels by performing further runs. For MRA this is time

3. Another condition in which apparent thrombosis of the internal consuming and involves changing coils, and for 3D CT angiogra-
carotid artery may he seen is grossly raised intracranial pressure in a phy it may need to he done on separate days because of concern
comatose and moribund patient. In these cases cerebral blood flow about contrast volume and solute load. What is actually done still
may be so reduced that, even on delayed serial films, the contrast varies widely and continues to be driven by strongly held but
medium passing through the internal carotid artery has still not pro- often ill-founded views. This is an area where radiologists need to
gressed beyond the cavernous sinus. We have seen several such be more than technicians, and should be aware of the issues
cases where autopsy has shown the vessels to be patent intracra- i nvolved. Readers are urged to study carefully the reports of the
nially. When this phenomenon is seen it implies that cerebral perfu- European and North American Symptomatic Carotid Stenosis
sion is at an extremely slow rate and the prognosis is invariably had. trials, and recent studies of the accuracy of intra-arterial angiogra-
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Dissecting aneurysm This may also follow direct trauma to the
neck and usually involves the high cervical segment. Diagnosis is
readily made on direct angiography if the false channel fills with
contrast medium, but should also be suspected when it does not
and there is merely narrowing of a segment of the artery in the
same high cervical position (Fig. 55.58B). Spontaneous dissec-
tion may also occur in this area, with hypertension as a predispos-
ing cause. Clinically there may be sudden neck or head pain and
frequently a partial or complete Horner's syndrome. As noted,
angiography rarely shows the false lumen, but the true lumen may
be narrowed, irregular or eccentric. MRl is nor, the method of

choice to make a diagnosis by using high-resolution fast spin-
echo sequence to show the dissected artery in the axial plane (see
Fig. 58.13A): MR angiography is not required, and may even
appear normal, as it should be noted that some carotid dissections
may resoly . 4pidly. Some dissections have an undetectable effect
on the side of the true lumen. Intra-arterial angiography should

be avoi/ed.

Intracranial thromboses Thrombosis of intracranial vessels
develops either from atheroma or, less commonly, from ruptured
aneurysms. Atheromatous stcnosis of the internal carotid artery
occurs intracranially, either in or just above the cavernous sinus.
Of the other major intracranial vessels, the middle cerebral artery

is most frequently involved (Fig. 55.59).
Thrombosis of small peripheral vessels is easily missed; if it is

suspected, rapid serial films may be necessary to demonstrate the
l esion clearly.

With intracerchral thrombosis a collateral circulation may he
demonstrated, filling the occluded vessel retrogradely.

Intracranial thrombosis of the internal carotid artery may also
occur from atheroma in the cavernous sinus or just hefore the termi-
nation of the artery.

Basilar thrombosis is usually fatal but can occur with survival of
t he patient, and cases have been diagnosed by vertebral angiography.

A syndrome consisting of multiple progressive intracranial arter-
i al occlusions in children, originally thought to occur only in

Fig. 55.58 (A) Fibromuscular hyperplasia producing beaded appearance
of the internal carotid. (B) Dissecting aneurysm of internal carotid artery.
The channel is narrowed and irregular.

phy both in estimating stenosis and in predicting stroke risk by
assessing plaque morphology, all of which are cited at the end of
this chapter. Most importantly, it must be appreciated that if the
stroke risk of preoperative investigation rises above about 2% in
appropriately operated patients, the statistical significance of the
beneficial effect of carotid endarterectomy may be wiped out. If
patients eventually shown not to be in the group that benefits from
carotid endarterectomy are also exposed to this level of risk, more
strokes will be caused than prevented. Many centres have now

opted to investigate patients with suspected carotid stenosis exclu-
sively non-invasively, using a combination of either sonography
and MRA, 3D CT or IV DSA, and they rarely if ever perform
i ntra-arterial studies, even in operated cases. A persistent indica-
tion for intra-arterial studies, however, is when non- or less inva-
sive techniques have suggested but not proven an occlusion,

because very occasionally this turns out to be an operable very
tight stenosis (Fig. 55.1).

Fibromuscular hyperplasia The internal carotid artery is
occasionally involved, usually in its upper cervical segment
( Fig. 55.58), although this rarely causes significant symptoms.
There may be involvement of the renal arteries and associated
hypertension.

Traumatic thrombosis of the internal carotid This may occur
after severe direct trauma to the neck. Fig. 55.59 Middle cerebral artery thrombosis (arrow).



Angiography is sometimes requested to help support a clinical diag-

Thrombosis of cerebral veins and dural sinuses is not uncommon,
nosis of intracranial arteritis. Because some of the changes reported

Clinically, the commonest cause is infection, either local or distant.
in these cases are subtle or involve only small branches, high-

Meningitis or encephalitis may be complicated by venous thrombo-
resolution infra-arterial studies are often recommended. However,

sis, often fatal, and infection may spread from the paranasal sinuses
even the finding of multiple small vessel occlusions or irregularities

or middle ear and mastoid. Thrombosis may also occur as a corn- is non-specific and can be simulated by multiple emboli or
lication of

vasospasm, and the role of angiography in this context is at best

i nclude
pregnancy (about I case per 2500a births). Rare causes

controversial. In a recent review, it was concluded that CT and MRI
nclude skull trauma and craniotomy, cardiac disease with right

heart failure, oral contraception, dehydration and blood disorders,
of the brain provided better supportive evidence for arteritis than

The symptoms and signs vary with the localisation and extent of
angiography, and that angiography was not indicated when these

the lesion and with associated brain oedema, infarction, haemor-
were normal.

rhage or infection. They include hemiplegia, papilloedema and
epilepsy, general or focal, and drowsiness or coma.

Superior sagittal sinus Thrombosis of the anterior part is For many years angiography was the most important method of
usually asymptomatic because of excellent pial collaterals. In any localising and characterising cerebral WMOLIl'S. With the advent of
case, absence of the anterior part of the sagittal sinus is a common CT in the 1970s and MRI in the 1980s its value has steadily dimin-
congenital finding when the ascending frontal vein courses parallel ished, and CT and MRI are now the primary investigations of
to the midline to join the sagittal sinus more posteriorly. Thrum- choice. Angiography for tumour investigation is now an ancillary
bosis of the more posterior part of the sinus is more serious and method for use in rare cases or for special indications. Thus, some
produces symptoms of the type just described. The thrombosis may neurosurgeons require angiography in some gliomas already diag-
extend into the cortical veins and produce areas of infarction. nosed by CT or MRI, to assess the vascularity and probable degree

Transverse and sigmoid sinuses Thrombosis is frequently of malignancy prior to surgery. Angiography may also he required

septic, arising from the middle ear or mastoid. Congenital absence to assess some meningiomas for similar reasons, and to assess vas-

of one transverse sinus may occur and should not be considered as cular relationships or possible sinus involvement. Occasionally it is

thrombosis without supportive evidence. done for preoperative embolisation of large meningiomas via their
external carotid feeding vessels. Vertebral angiography is still

Cavernous sinus Involvement of the cavernous sinus is associ- requested for haemangioblastomas of the posterior fossa, as it
ated with exophthalmos, chemosis, oedema of the eyelids and remains the most accurate method of defining small nodules, which
oculomotor palsies. can easily be missed by CT or MRI. Angiography is also useful for

Radiological appearances Acute dural sinus thrombosis usually the demonstration of glomus .jugulare and glolnus tymlzatticum

i s obvious on unenhanced CT or MRI: the thrombosed sinuses are tumours and for the embolisation of the former. These indications

distended by high-density or high-signal blood clot. Once recanal- are discussed in more detail in Chapters 56 and 57.

i sation has begun to occur, it can be difficult to diagnose, what-
ever modality is used. CT or MRI also demonstrate associated
parenchyma) damage. The thrombosis can be well shown by
serial angiography of the internal carotid following arterial DSA Alpers, B. J., Berry. R. G., Paddison, R. M. (1959) Anatomical studies of the

(Fig. 55.8), but intravenous DSA has the advantage of displaying circle of Willis i n normal brain. Archires ofNenrology and Psychiatry. 81,
409-418.

all the venous sinuses with uniform simultaneous opacification. Black, W. C. (1994) Editorial. Intracranial aneurysm in adult polycystic
MR venography is also now widely used for this purpose, kidney disease: is screening with MR angiography indicated'.' Radiology,

although non-visualisation of a transverse sinus is not unusual in 191, 18-20.

normal individuals and turbulent flow effects can simulate intra- Buelmke, D. A., Chambers, T. P. (1995) Editorial. Spiral CT angiography:

l uminal clot. an alternative to conventional angiography. Radiology, 195,
317-319.

On intra-arterial angiography, thrombosis of the sagittal sinus Debrun. G., Legre, J.. Kasbarian. M., et al (1978) Endovascular occlusion of

usually slows the circulation, failure of a section of the sinus to vertebral fistulae by detachable balloons with conservation of the vertebral
outline, and dilated collateral venous channels bypassing the blood flow. Radiologv. 130, 1 41-147.

obstruction or draining to other areas. The bridging veins may be Di Chiro, G., Wener, L. (1973) Angiography of the spinal cord. Journal of
Neurosucgerv, 39, 1 -29.

abnormal and `corkscrew' in appearance. The lateral sinuses are Djindjian. R.. Merland, J. J. (1978) Superselectire Angiography of the
best seen in the frontal projection and partial occlusions identified. Evternol Carotid Artec-v. Berlin: Springer.

Cortical venous thrombosis, apart from local absence of venous
filling and presence of surrounding collaterals, may show evidence
of a local mass due to infarction and oedema.

Obstruction of venous sinuses may also occur with tumours.
Thus meningiomas frequently involve the sagittal and sometimes
the lateral sinus, and glomus jugulare tumours may invade the inter-
nal jugular vein and sigmoid sinus.

Japanese ( moyamoya disease), has since been reported in American
and British cases. The disease results in rapidly progressive
stenoses of the major vessels of the circle of Willis, leading to
occlusion and multiple tiny basal collateral vessels. The process
stops once occlusion occurs, so that survival is possible if collater-
als are adequate. The distal arterial vessels are not involved and the
aetiology is unknown.

The role of CT and MRI in the diagnosis of infarcts and TIAs is
discussed in Chapter 58.
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Generally, a guiding catheter is used to ensure stable access and
provide a route for injection of contrast for road-mapping.
Microcathctcrs, either flow guided or over the wire. are usually
used to reach the target.

The anatomy of the vessels used for access to the target and the
target itself must be carefully defined by high-quality angiography.
Potentially hazardous anatomical variants should be sought. The
optimal endovaseular route to reach the target is not necessarily the
technically easiest one, minimising the chance of damage to normal
tissues should always take precedence.

The possibility that flow patterns will change in the course of the
procedure must always he kept in mind and close attention should
be given to the appearance of' previously non-visualised collateral
pathways. Angiography mist he repeated as often as is necessary to
monitor the effects of treatment and to look for unwanted effects or
alterations in flow. Angiography at the end of the procedure demon-
strates the effectiveness of the technique and defines any adverse
effects on normal vessels.

Heparin is often administered to decrease the risk of thrombosis
during the procedure. Haemostasis at the puncture site may there-
fore not be easily obtained by simple manual pressure. particularly
i f a large calibre sheath has been used. Reversal of anticoagulation
or the use of puncture site closure devices (such as Angioseal°° or
Pcrclose") can he considered in such cases.

Endovascular procedures can he broadly divided into two cate-
gories: those that aim to restore a narrowed or obliterated cndo-
vascular lumen supplying normal tissues and those that aim to
exclude abnormal blood vessels from the circulation.

Recanalisation can be achieved using mechanical devices such as
dilatation balloons and stents or by using drugs with a thrombolytic
or vasodilatatory effect.

Following the result of randomised trials, intravenous thrombolysis
with recombinant tissue plasminogen activator (rTPA) has now
heel) approved for the treatment of acute ischacmic stroke, within
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The femoral approach is almost exclusively used. A sheath of'
appropriate size is always placed. Patients may have multiple diag-
nostic and therapeutic procedures and care should he taken to nmini-
nuse trauma at puncture sites and to avoid frequent re-puncture at
the same site.

This chapter is meant to provide an overview of interventional
neuroradiology. Although some general comments have been made
within each section, full details of specific procedures and tech-
niques should be obtained from dedicated texts and articles. These
procedures should not be performed by occasional operators: occlu-
sion of the main hepatic artery that interferes with the arterial
supply to 750 g of liver will probably have no adverse effect and
may not he noticed by the patient, while occlusion of a vessel
depriving I g of brain of its arterial supply may leave a patient
paralysed, aphasic or dead. The procedures outlined below should
only he performed by experienced, well-trained operators with
detailed knowledge of' the relevant anatomy, anatomical variants,
equipment and pathophysiology.

Even in competent hands, interventional neuroradiology is not
without risks; the incidence of irreversible neurological deficit from
diagnostic neuroangiography is generally accepted to he in the
range of 0.3-3.0°k, for interventional neuroangiography it is an
order of magnitude higher. A neuroradiologist with ongoing hands-
on experience and in-depth knowledge minimises the risks to the
patient.

The decision to proceed with an interventional neuroradiological
procedure necessitates a consideration of the relative risks and
benefits of this modality compared to conventional surgery or other
techniques such as radiosurgery. Clearly, before any procedure is
undertaken, it must offer an advantage over the natural history of
the condition to be treated. Careful consideration must be given to
the specific risks of' the procedure and these must be explicitly dis-
cussed with the patient to obtain informed consent. Interventional
neuroradiology cannot exist in isolation and must be viewed as one
component of' a multidisciplinary team. Close interaction with
anaesthetic, ncurosurgical, neurological, radiotherapy and intensive
care specialties is essential. Iligh-quality biplane angiography,
ideally with 3D/rotational angiography, MRI and CT arc required.



Fig. 56.1 I ntra-arterial thrombolysis. Left internal carotid injection (A) in a patient who suffered an
acute stroke during a coronary angiogram showing an abrupt change in calibre of the horizontal ( M1)

portion of the left middle cerebral artery with occlusion of some M2 branches. Angiogram through
microcatheter (B) that had been advanced into the acute middle cerebral artery clot. Superselective
angiogram during thrombolysis (C) with urokinase shows re-opening of previously occluded MCA

branches. Left internal carotid injection following the procedure (D) shows successful lysis of the acute
l eft MCA thrombus. (Courtesy of Dr James Jackson.)

bolysis, not only in the MCA but also in internal carotid artery and
vertebro-basilar occlusions. Success of recanalisation is reduced in
distal internal carotid artery or T-junction occlusion. A retrospective
analysis of acute basilar artery occlusions showed a considerable
reduction in mortality with thrombolysis within 48 hours. Young
patients with short-segment basilar occlusions benefited most from
thrombolytic treatment and had better chances of recovery.

It has been shown that ischaemic changes on diffusion-weighted
MRI can be reversed with intro-arterial thrombolysis in certain
cases. In the future it is likely that MR perfusion and diffusion
imaging will play a much bigger role in selecting patients for
thrombolysis, independent of rigid time-to-treatment windows.
New developments in the endovascular treatment of acute stroke
include the use of mechanical devices for extraction of acute throm-
bus. These have the advantage of reducing the treatment time (with
a corresponding prolongation of the therapeutic window) and of a
theoretical reduction in haemorrhagic complications associated
with thrombolytic agents.

3 hours of onset. The potential for clot recanalisation with intra-
venous thrombolysis is markedly dependent on the site of the
occlusion. It is more successful in distal middle cerebral artery
occlusions than in recanalisation of larger vessels such as the inter-
nal carotid artery (ICA) or proximal (M1) segment of the middle
cerebral artery.

Intra-arterial thrombolysis (Fig. 56. 1) achieves a higher local con-
centration of the thrombolytic agent in the vicinity of the clot, which
should theoretically be more efficient, but it is more complex to
achieve and therefore takes longer, increasing the delay between
onset and treatment. The question remains whether a more efficient
lysis can prolong the therapeutic time window beyond 3 hours. A
randomised trial (PROACT, Prolyse in Acute Cerebral Thrombo-
embolism trial) has shown an overall benefit from intra-arterial
thrombolysis in acute middle cerebral artery occlusion within
6 hours after the onset of stroke, despite a greater rate of haemor-
rhagic complication. In this trial 9 mg of recombinant pro-urokinase
had been infused through a single end-hole microcatheter placed in
the proximal third of the middle cerebral artery (MCA) thrombus
over a period of 2 hours. Unfortunately urokinase has since been
withdrawn from the market, however, the trial provided a proof of
principle' that intra-arterial thrombolysis works and alternative phar- Cerebral vasospasm represents a significant cause of morbidity and
maceutical agents such as streptokinase and rTPA remain available mortality in patients with subarachnoid haemorrhage. Early treat-
for intra-arterial thrombolysis. Apart from the randomised PROACT ment of ruptured aneurysms together with refinement of endo-
trial there are numerous reports of successful intra-arterial throm- vascular (see below) and surgical techniques have led to a reduction



Fig. 56.2 Angioplasty of vasospasm. Right ICA angiogram following clipping of a right MCA aneurysm, which had bled, demonstrates severe vasospasm
of the M1 segment of the right MCA (A). An unsubtracted image taken during balloon dilatation (B) demonstrates the inflated angioplasty balloon and
aneurysms clip. Postangioplasty right ICA angiogram (C) demonstrating a normal calibre of the M1 segment.

patients. A large randomised multicentre trial, the Carotid and
Vertebral Artery Transluminal Angioplasty Study (CAVATAS)
showed an almost identical 30-day outcome of mortality and major
stroke between surgical and endovascular treatment, however,
endovascular treatment was safer in terms of minor morbidity such
as cranial nerve palsies and haematoma. Three-year follow-up data
suggested no difference in outcome between the two treatments,
suggesting that both are equally effective in preventing stroke.

There has been a considerable evolution in endovascular tech-
niques during and since the CAVATAS study. The majority of the

patients in the endovascular arm of CAVATAS were treated with
balloon angioplasty alone and only 22% were treated with stents. In
the meantime primary stenting has become the endovascular tech-
nique of choice for carotid artery stenosis, replacing PTA. The
majority of major strokes after carotid PTA are the result of dissec-
tion of the carotid artery at the time of balloon inflation with
subsequent thrombosis. Dissection and occlusion of the carotid
artery are less likely to occur with stenting because the stent main-
tains laminar flow across the stenosis and seals the site of dissec-
tion, preventing a free intimal flap. There is also evidence from
endovascular intervention in the coronary circulation of superior
outcomes with stenting compared with balloon angioplasty.

Carotid stenting (Fig. 56.3) is generally performed under local
anaesthesia. The patient should receive antiplatelet therapy (ideally
a combination of aspirin and clopidogrel prior to and following the
procedure) to minimise the risk of thromboembolic complications.
Following preliminary angiography, a guiding catheter is placed in
the common carotid artery, the stenosis is crossed with a soft tip
guide-wire and a self-expandable stent is placed across the stenosis,
normally bridging the carotid bifurcation. The self-expandable stent

The European Carotid Surgery Trial (ECST) and the North allows differential expansion of its distal and proximal portions
American Symptomatic Carotid Endarterectomy Trial (NASCET) adapting to the different diameters of the common and internal
demonstrated that carotid endarterectomy significantly reduced the carotid arteries. Additional dilatation of the stenosis with a balloon
risk of recurrent stroke in patients with an over 70% carotid artery catheter placed within the stent is usually performed.
stenosis. Subsequently percutaneous transluminal angioplasty Recent developments in carotid stenting include protection
(PTA) and stenting have emerged as alternatives to surgery in these devices such as filters and occlusion balloons, which can be placed

of morbidity and mortality from aneurysm re-rupture, but manage-
ment of cerebral vasospasm remains still a challenge. Approximately
one-third of patients with subarachnoid haemorrhage develop symp-
tomatic vasospasm with delayed ischaemic deficit, of which 30%
will die and a further 30% will have a permanent deficit.

Medical treatment consists of hypertension, hypervolaemia and
haemodilution (triple H therapy). Patients who fail to respond to
medical therapy may benefit from endovascular treatment, which
falls into two categories: mechanical dilatation of stenotic segments
(balloon dilatation) and pharmacological relaxation of the con-
tracted vessels with intra-arterial papaverine infusion.

I ntracranial balloon angioplasty is performed with a small, com-
pliant balloon attached to a microcatheter (Fig. 56.2). It is only
suitable for treatment of the proximal segments of intracranial
vessels, as dilatation of smaller branches carries a high risk of
vessel rupture. Balloon dilatation has a more permanent effect than
the infusion of papaverine through a microcatheter, which often
l eads only to a transient increase of the vessel lumen. Papaverine
may, however, be useful to facilitate access for endovascular treat-
ment of a ruptured aneurysm if this is impeded by vasospasm. It
can also be used to treat vasospasm in distal branches of cerebral
arteries that are not suitable for balloon dilatation. The complica-
tions of both techniques include vessel dissection and rupture,
vessel thrombosis or embolus and rupture of an unsecured
aneurysm. Early endovascular treatment has a higher success rate.
Treatment of an obviously infarcted territory should be avoided.
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devices suggest that intracranial balloon dilatation and stenting
have reached an acceptable safety level. Data on long-term patency,
which may be compromised by a proliferative reaction of the vessel
i ntima, are not yet available.

A number of embolic agents are available and new agents are being
developed. A broad distinction can be made between mechanical
devices (such as coils and balloons), particles and liquid embolic

agents.
Detachable balloons are one of the oldest mechanical devices and

can be either of silicone or latex. They are used to occlude large
vessels or large fistulas such as a carotico-cavernous fistula. One of

the risks of this technique is the accidental detachment of a balloon
in an unwanted position, which can lead to obstruction of normal
cerebral vessels. Systems with non-detachable balloons are avail-

able for temporary test occlusions.
Guglielmi detachable coils (GDC) are currently the standard

devices for embolisation of cerebral aneurysms. They are made of
platinum and attached to a stainless steel delivery wire. The coils
have a circular memory and are available in many different diame-

Fig. 56.3 Carotid stenting. The preceding common carotid artery ters and lengths. Detachment of the platinum coil from the delivery
angiogram (A) demonstrates a severe stenosis at the origin of the internal i s achieved by electrolysis following application of an electrical
carotid artery. An unsubtracted image during the procedure (B) shows a
self-expandable stent placed across the stenosis with a residual waist at level current once the coil is deemed to he in a safe position. The advan-

of stenosis. The postprocedure right CCA angiogram (C) demonstrates suc- tape of such a system is that the coil remains firmly attached to the
cessful treatment of the stenosis. delivery wire until the current is applied, which allows the retrieval

of a coil in an inappropriate position or of inappropriate size.
distal to the carotid stenosis prior to stent deployment to catch any Various other detachable coils have recently become available,
embolic material released during stenting. There is currently an using similar principles with various detachment systems and coil
active debate whether these protection devices should be used configurations.
routinely, as they prolong and complicate the procedure and can, in Embolisation with particles leads to a less permanent occlusion
rare cases, cause dissection of the distal internal carotid artery. It than embolisation with liquid agents. Particles are therefore fre-
remains to be seen whether the benefits of theses devices outweigh quently used for preoperative embolisation. Polyvinyl alcohol (PVA)
these drawbacks. particles are currently the most frequently used particulate embolic

Larger published carotid stenting series suggest an acceptable agent and are supplied in sizes ranging from 50 to 1000 µm. PVA
complication rate and medium-term results comparable to endarte- particles are diluted in radiopaque contrast medium as a suspension.
rectomy. Prospective trials randomising surgical treatment versus Small particles (50-I50 µm) are more effective in inducing tumour
carotid stenting are underway on both sides of the Atlantic. necrosis but carry a higher risk of cranial nerve or skin damage.

Gel foam sponge is prepared from pork-skin gelatine and is a pliable
material that can be cut to appropriately sized particles. It is used for
occlusion of more proximal vessels, frequently following embolisa-
tion of distal vessels with PVA. It has no significant sclerosing effect

Intracranial arteriosclerotic disease represents a significant cause of and recanalises within approximately 6 weeks. Trisacryl gelatine
ischaemic strokes. It is more frequently seen in African-American microspheres (Embospheres) are a new non-absorbable embolic
or Asian ethic groups compared to Caucasians. The Warfarin- agent. They tend not to aggregate, arc deformable and appear to
Aspirin Symptomatic Intracranial Disease Study showed that the penetrate deeper into the vascular system than PVA particles. There
annual stroke risk remains as high as 10% under therapy with is also preliminary evidence that Embospheres have a longer occlu-
aspirin in patients with a greater than 50% stenosis of the MCA or sive effect.
distal ICA. Warfarin therapy reduced the annual stroke risk to 3.6% Dehydrated (98%) alcohol is a potent liquid embolic agent. It has
but was associated with a greater risk of haemorrhagic complica- a sclerosing effect on cells it comes in contact with by virtue of
tions. The surgical treatment option consists of an extracranial- causing dehydration and denaturation of peptides. Its main applica-
i ntracranial bypass operation, which has not been shown to confer tion is the percutaneous treatment of haemangiomatous malforma-
any additional benefit over aspirin therapy. The possibility of treat- tions in the head and neck. It should be used with extreme care.
ing these patients with endovascular techniques such as balloon Acrylate glues such as N-butyl-cyanoacrylate (NBCA) are liquid
angioplasty and stenting represents an important development. This embolic agents, mainly used for embolisation of cerebral AVMs and
is a technique in evolution and dedicated intracranial stents have dural fistulas. Prior to injection, they are diluted in a lipophylic con-
only recently become available, after the initial use of coronary trast agent (Lipiodol) or made radiopaque with Tantalum powder.
stents in the intracranial circulation. Preliminary data using recent On contact with an ionic solution, such as blood, NBCA solidifies



Fig. 56.4 Balloon embolisation of carotico-cavernous fistula. Internal carotid artery angiogram (A) demonstrating a traumatic carotico-cavernous fistula
shunting into the ophthalmic veins and petrosal venous sinuses. Note the absence of opacification of the ipsilateral intracranial vessels due to steal through
the shunt. Unsubtracted image (B) at the end of the procedure shows an inflated balloon, filled with contrast medium, within cavernous sinus. The post-
procedure internal carotid angiogram (C) demonstrates complete closure of the fistula with normal anterograde opacification of the ipsilateral intracranial
vessels.
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rapidly, causing permanent vascular occlusion. The microcatheter can also be combined with a number of simultaneously performed
through which it has been delivered has to be swiftly withdrawn to adjunctive tests, such as pharmacologically induced hypotension,
avoid the risk of gluing the catheter in-situ. It is a very effective but transcranial Doppler, SPELT or Xenon CT. An added benefit from
dangerous embolic agent, which is not easy to handle, and should these procedures has, however, not been convincingly demonstrated
only be used by experienced operators. at present. Complications of test occlusion include arterial dissec-

Onyx is a new non-adhesive liquid embolic agent which consists tion (symptomatic and asymptomatic) and transient or permanent
of a mixture of ethyl-vinyl alcohol polymer (EVOH), dimethyl sul- neurological deficit. Routine use of heparin during the test occlu-
foxide (DMSO) as a solvent and tantalum to render it radiopaque. In sion limits the incidence and severity of these complications.
contrast to NBCA, it solidifies slowly, minimises the danger of in
situ gluing of a microcatheter. Onyx has been used for cerebral arte-
riovenous malformations (AVMS) and giant cerebral aneurysms in
which other forms of endovascular or surgical treatment are difficult. Trauma can result in a tear in the cavernous segment of the internal

carotid artery, leading to a defect in the arterial wall with blood
shunting directly into the cavernous sinus surrounding this arterial
segment (direct carotico-cavernous fistula). From the cavernous

Test occlusion of the internal carotid or vertebral arteries is per- sinus arterialised blood drains to reverse the flow in the ophthalmic

formed to assess the ability of the cerebral circulation to tolerate veins, cerebral veins or the petrosal venous sinuses. Patients present

permanent sacrifice of such a vessel. Sacrifice of the internal carotid with symptoms of venous hypertension, sometimes months after

or vertebral artery may be contemplated in the context of surgery the trauma. Increased pressure in the ophthalmic veins typically
for skull base and cervical neoplasms encasing these vessels, or for causes proptosis, scleral injection and conjunctival haemorrhages.
the treatment of giant aneurysms, where surgical or endovascular Increased cerebral venous pressure can cause headaches, seizures

treatment with preservation of the parent artery is not possible. and venous haemorrhages.

Testing the clinical tolerance of an occlusion is the most important The goal of treatment is the occlusion of the arteriovenous fistula
part of the procedure, which has therefore to be performed under with preservation of the lumen of the internal carotid artery. This is

local anaesthesia. A temporary (non-detachable) occlusion balloon, best achieved from an intra-arterial approach using detachable bal-
fixed at the tip of a microcatheter, is advanced to the point of the loons (Fig. 56.4). A microcatheter with a deflated attached balloon
anticipated permanent occlusion and then inflated for approxi- is passed from the carotid artery through the defect in its wall into

mately 30 minutes with careful monitoring of the patient's neuro- the cavernous sinus. The balloon is then gradually inflated until the
logical status, which is best undertaken by a separate operator. In fistula is occluded from the venous side, preserving patency of the
the event of neurological deterioration, the balloon has to be ICA and flow to the ipsilateral intracranial vessels. If this is
deflated immediately to prevent a permanent deficit. In addition to achieved the balloon is detached by a gentle pulling action.
clinical criteria, an injection of the contralateral ICA during Insertion of more than one balloon may be necessary in large
inflation of the test occlusion balloon is made to assess cross flow fistulas. In experienced hands a successful occlusion can be
through the circle of Willis and to detect any delay in the transit of obtained in up to 90% with this method. This is usually followed by
contrast medium on the side of the occlusion. This is best done by rapid improvement of clinical symptoms.

comparing the appearance of cerebral veins in the cerebral hemi- In the remaining cases alternative treatment options have to be
spheres. A delay in venous opacification of 2 seconds or more indi- considered. These include coil embolisation either transarterially, or
cates that the occlusion is unlikely to be tolerated. Test occlusion using a transvenous approach via the inferior petrosal or ophthalmic
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Fig. 56.5 Coil embolisation of superior cerebellar artery aneurysm. Left vertebral angiogram (A) demonstrating right superior cerebellar artery aneurysm.
Note the caudal fusion and the origin of the perforating vessels off the more rostrally located P1 segment. Despite the broad neck and involvement of the
superior cerebellar artery origin, it was decided to attempt endovascular treatment because of the posterior fossa location. A 3D GDC coil has been
deployed (B) in good position, forming a basket across the aneurysm neck, avoiding the region of the superior cerebellar artery origin and the laterally pro-
j ecting nipple, presumed to be the site of rupture. Final angiogram (C) demonstrating complete exclusion of the aneurysm without compromise of the
adjacent vessels.

Endovascular techniques are becoming more widely accepted and
evolving technology is allowing endovascular treatment of arterial

The most common cause of epistaxis is the spontaneous or idio- aneurysms that would have previously required surgery, or would
pathic form, frequently related to smoking and hypertension. Other have been regarded as untreatable. Published evidence suggests that
causes of epistaxis include tumours (juvenile angiofibroma in male endovascular techniques have comparable rates of immediate neu-
adolescents and malignant tumours in adults), trauma (carotico- rological complication to conventional surgery. while avoiding a
cavernous fistulas, traumatic false aneurysm or iatrogenic following craniotomy and surgical manipulation of brain.
endoscopic sinus surgery) and Osler-Weber-Rendu disease. I n specific settings (aneurysms in the posterior fossa where surgi-

Most cases of spontaneous epistaxis occur in the anterior septal cal access is often difficult (Fig. 56.5), patients in poor medical
area of the nose (Kiesselbach's plexus), a location that is easily condition), an endovascular approach is generally preferred. Some
accessible for cautery and packing. Posterior epistaxis is often more centres proceed directly to endovascular treatment immediately fol-
difficult to treat, requiring posterior nasal packing and endoscopic l owing diagnostic angiography. Endovascular treatment also has an
cauterisation. Endovascular embolisation is indicated if the bleed- advantage in acute subarachnoid haemorrhage (SAH) where two
i ng is refractory to this initial treatment. aneurysms are found and it remains unclear which one has rup-

Blood supply to the nasal fossa derives from the internal carotid tured; both aneurysms can be treated acutely in the same sitting
artery (ethmoidal branches of the ophthalmic artery) and external from an endovascular approach (Fig. 56.6) whereas surgical treat-
carotid artery (maxillary artery and facial artery). The main blood ment might require two separate craniotomies.
supply derives from the sphenopalatine artery, a branch of the A large multicentre trial comparing endovascular and conven-
maxillary artery, which can be superselectively catheterised with tional surgical treatment of intracranial aneurysms is currently
microcatheters. underway and it seems likely that in the future, endovascular tech-

Refractory idiopathic epistaxis is typically embolised with niques will play an increasingly important role in the management
polyvinyl alcohol particles. This has an 87% success rate after of intracranial arterial aneurysms. Because these techniques are
embolisation of internal maxillary branches alone and a 97% relatively new, their long-term efficacy has not been established.
success rate with additional facial artery embolisation. Potential Careful follow-up is therefore essential. Follow-up catheter or MR
complications include stroke and blindness as a result of inadver- angiography has already demonstrated recurrence of aneurysms,
tent embolisation of ICA branches. It is therefore extremely impor- especially at the basilar and carotid terminations.
tant to check for the presence of dangerous external to internal Currently, the most widely used technique is coil embolisation.
carotid artery anastomosis before and during particle embolisation. This is achieved by careful placement of a microcatheter within the

It should be noted that in the setting of haemorrhage in acute aneurysm lumen, through which detachable coils are deployed, pro-
trauma, particle embolisation is not a suitable technique for the vided they could be suitably positioned. If a satisfactory position
treatment of bleeding due to rupture of a traumatic false aneurysm cannot be obtained, the coils are retrievable before detachment.
or vessel transection, as the volume of fluid used to deliver the par- Thermally, mechanically and electrolytically detachable coils are

veins. Sacrifice of the carotid artery, which should always be pre- ticles may result in re-rupture, precipitating fresh haemorrhag
ceded by a test occlusion, represents the last treatment option. Coil or glue embolisation should be considered in this setting.

Risks of this procedure include stroke following arterial occlu-
sion after unintentional balloon detachment and cranial nerve
palsies, usually transient, due to pressure from the balloon or coils.



Fig. 56.7 Coil embolisation of of wide-necked aneurysm with balloon remodelling. Subtracted and unsubtracted left internal carotid angiography before
(A,B) and after (C,D) balloon remodelling assisted GDC coiling. The large supraclinoid aneurysm has a very wide neck (a). A remodelling balloon was placed
across the neck of the aneurysm, seen on the unsubtracted image (B). Also note the microcatheter tip placed within the aneurysm lumen. The remodelling
balloon was inflated for short periods during the coil deployment to prevent coil prolapse into the internal carotid artery. This enabled complete exclusion of
the aneurysm, without compromise of lumen of the internal carotid artery (C). The dense coil mass is seen on the final unsubtracted image (D).

available, in a wide variety of shapes and sizes. Embolisation of point where they are suitable for widespread clinical use, though

aneurysms using fluid materials and exclusion of the aneurysm they are performed in some highly specialised centres and may be

l umen with stents are techniques that have not yet evolved to the i mportant in the future.

Fig. 56.6 Coil embolisation of bilateral intracranial aneurysms. Left ICA angiogram (A) demonstrating a terminal carotid aneurysm. Note the nipple
pointing medially, an angiographic sign often seen in acutely ruptured aneurysms. Right ICA angiogram (B) demonstrating a posterior communicating
segment aneurysm. CT (not shown) had revealed the greatest density of subarachnoid blood to lie in this region. Because of the disparity between the
angiographic and CT findings, it was not certain which of the two aneurysms had bled. It was therefore decided to treat both in a single sitting, despite the
risk of intervention in two different arterial territories. Bilateral surgical intervention was not considered to be a safe option. Left ICA angiogram (C)
demonstrates the terminal carotid aneurysm to be excluded by coils. Right ICA angiogram (D) demonstrates the posterior communicating segment
aneurysm to be excluded by coils. Unsubtracted image (E) shows the position of the coils.
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aneurysms. Aneurysms with wide necks that would previously have
been regarded as difficult to treat are increasingly amenable to

endovascular treatment since the development of techniques pre-
venting the prolapse of coils through the aneurysm neck, such as
balloon remodelling (Fig. 56.7), stenting devices to bridge the
aneurysm neck.

Potential complications of endovascular treatment include
aneurysm perforation or rupture (Fig. 56.8) (by guide-wire, micro-

catheter or coil), inadvertent occlusion of the parent or branch
arteries by coils (Fig. 56.9) and thromboetnbolic events.

Where preservation of patency of the parent vessel cannot be
assured (fusiform or serpentine aneurysms, wide-necked aneurysms,
false aneurysms and arterial dissection), sacrifice of the parent vessel
may be considered, usually preceded by test occlusion. This can be
achieved with either coils or detachable balloons, depending on the
vessel configuration and indication for treatment.

Fig. 56.8 Rupture during coil embolisation of intracranial aneurysms. Left
vertebral angiogram (A) demonstrating extravasation of contrast from rup-
tured basilar tip aneurysms during coil placement. Note coils within
aneurysm and extravasated contrast around the basilar artery in the
i nterpeduncular and pre-pontine cisterns. Left vertebral angiogram (B)
demonstrating cessation of extravasation after reversal of heparin with prot-
amine and further packing of the aneurysm, to exclusion. The patient suf-
fered no adverse consequences.

Irrespective of the technique used, the aim is total exclusion of
the aneurysm lumen with preservation of the parent artery and its
branches. This is most reliably achieved in narrow-necked saccular

Cerebral arteriovenous malformations arc less common than cere-
bral aneurysms, with a prevalence of 0.2-0.5%. Most patients with
cerebral AVMs develop symptoms before the age of 40 years.
which is in contrast to cerebral aneurysms where only a quarter of
patients present by the age of 40. Cerebral AVMs are an important
cause of cerebral haemorrhage in young adults. Approximately
60% of patients with cerebral AVMs present with haemorrhage;
epilepsy is the second commonest presentation, followed by non-
hacmorrhagic neurological deficit and headache.

AVMs are presumed to have usually pursued an indolent course
before they present. They may occur in any location in the brain,

Fig. 56.9 Arterial occlusion due to coil embolisation of intracranial aneurysms. Left ICA angiogram (A) demonstrating coils
within an aneurysm arising at the right side of the large anterior communicating artery and the origin of the right
A2 segment. Note the good filling of the A2 segment. Left ICA angiogram (B) demonstrating occlusion of the A2 segment
after deployment of a subsequent coil. The coil was successfully retrieved before detachment, but the vessel remained
occluded. Fortunately, the patient rapidly developed collateral flow from the posterior cerebral artery and suffered no
adverse consequences.



Fig. 56.10 Vermian AVM embolisation. Pre-embolisation left vertebral angiogram (A) demonstrating vermian arteriovenous malformation supplied by
vermian branches of the superior cerebellar arteries. Microcatheter NBCA injection (B) into arteriovenous malformation nidus. Postembolisation of both
major pedicles, left vertebral angiography (C) demonstrates almost complete obliteration of the nidus.

either supra- or infratentorial, from the cortical surface to the cular treatment as well as for the other treatment modalities. It may
ependymal surface, or within the choroid plexus or ventricular require several staged embolisation procedures and complete AVM
system. Arterial supply and venous drainage may therefore be from obliteration is often not possible. Endovascular treatment can be
any combination of superficial cortical vessels or deep perforating combined with other forms of treatment. It is sometimes performed
vessels. Meningeal vessels may also contribute to supply, usually to reduce the size of the AVM prior to radiosurgery, as the severity
after previous haemorrhage or surgery, but occasionally sponta- and incidence of side effects, such as radiation necrosis and radia-
neously. tion induce white matter disease, depend directly on the volume of

AVMs can be treated by endovascular embolisation, micro- irradiated brain tissue.
surgery, radiosurgery or a combination of these methods. There is The role of partial AVM embolisation is actively debated and

considerable uncertainty and lack of uniformity of opinion regard- remains controversial. It can be effective in improving the control

ing the indications for, and strategies of, AVM treatment. The of epileptic seizures and in reducing the risk of haemorrhage by tar-
choice of treatment is often governed by local expertise and the geted embolisation of specific components such as false aneurysms.
goal of treatment may vary in individual patients depending on the Partial embolisation can also bring relief of symptoms related to

clinical presentation, AVM location and size, and age of the patient. venous hypertension and the elimination of external carotid artery

The perceived risks and benefits of treatment should be weighed up supply is often effective in alleviating headaches.

for each specific case and discussed by a multidisciplinary team.
A commonly acknowledged aim is the prevention of cerebral haem- Endovascular treatment of vein of Galen aneurysmal
orrhage or re-haemorrhage (which is associated with higher mortal- malformations (VGAM)
i ty and morbidity than an initial haemorrhage). The mean annual VGAM is characterised by arteriovenous shunts at the choroidal level,
risk of haemorrhage from a cerebral AVM is probably 2-4%, but within the subarachnoid space, in the region of the vein of Galen.
may be considerably increased in the presence of certain patient They must be distinguished from cerebral arteriovenous shunts drain-
factors and angiographic features. The former include older age and i ng into the vein of Galen and producing dilatation of it as these
initial presentation with haemorrhage and the latter include false l esions have entirely different natural histories and prognoses.
aneurysms, venous ectasias or stenoses, a single draining vein, deep I n VGAM, there is associated aneurysmal dilatation and abnormal
venous drainage and venous congestion. persistence of the median vein of the prosencephalon, an embryologi-

The most commonly used endovascular approach is arterial cal midline venous structure and precursor of the vein of Galen. The
embolisation using a permanent fluid agent such as NBCA, which malformation often drains into a persistent falcine sinus and there may
is diluted and rendered radiopaque with Lipiodol or Tantalum be agenesis of the straight sinus and anomalies of other dural venous
(Fig. 56.10). The degree of dilution governs the speed of polymeri- sinuses.
sation and can be varied to suit the rapidity of arteriovenous shunt- VGAM and dural sinus malformations are the only intracranial
i ng and distance to be crossed be this embolic agent. More recently AVMS, demonstrated to have been present in the fetal period. They
Onyx has also been successfully used for embolisation of cerebral arc more common in males. Most present in either the neonatal period
AVMs. or in infancy. In general, the high flow arteriovenous shunt of VGAM

Small AVMs can be treated by endovascular means, radiosurgery is initially well tolerated from a neurological point of view and early
or, if in a superficial location, by microsurgery. Radical obliteration presentation is with cardiac failure or altered CSF dynamics and
of medium-sized or large AVMs represents a challenge for endovas- macrocephaly.
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Fig. 56.11 Embolisation of vein of Galen aneurysmal malformation. Left lateral angiogram (A) demon-
strating aneurysmal dilatation of the vein of Galen and rapid arteriovenous shunting into a persistent
falcine sinus. A microcatheter was passed into one of the feeding pedicles (B) and NBCA rendered
radiopaque with Tantalum was injected (C) through it. This achieved complete closure of the shunt (D).
(Courtesy of Dr W. Taylor.)

neuropsychiatric syndromes. Impediments to venous outflow result
i n venous reflux and congestion, which predisposes to haemorrhage
and cerebral parenchymal damage.

Cerebral venous congestion is an indication for treatment
(Figs. 56.12, 56.13). Endovascular techniques are the first-line
intervention in DAYS. An arterial approach utilising a permanent
embolic agent is often used. The goal should be occlusion of the
site of arteriovenous shunting with preservation of patency of the
dural venous sinuses. Care should be taken not to redirect venous
flow toward veins that drain the brain by occlusion of alternative
outflow pathways. A venous approach may also he used, though
this often necessitates sacrifice of a segment of dural venous sinus
at the zone of arteriovenous shunting. This may be justified when
there are multiple sites of shunting, multiple sources of arterial
supply or inaccessible arterial sources. Venous approaches can be
particularly useful in the treatment of cavernous sinus dural fistulas.

If possible, treatment of the shunt in VGAM is deferred to allow
for growth of the child, as intervention in neonates is technically
difficult and hazardous. Criteria for intervention in infancy include
progressive macrocephaly, developmental delay, seizures and
reversible neurological deficit. Cardiac failure unresponsive to
medical management is an indication for urgent embolisation in the
neonatal period.

An arterial approach using a permanent embolic agent (NBCA)
is most often used (Fig. 56.11). Venous approaches have also been
described. The initial aim is to reduce the level of arteriovenous
shunting to a degree that the cardiac failure can be managed.
Further staged treatment can be performed after maturation of the
child. Total cure is often possible.

Endovascular treatment of dural arteriovenous shunts
Dural arteriovenous shunts (DAVS) occur within the walls of dural
venous sinuses or their tributaries. They may be related to previous Embolisation of vascular tumour of the head, neck and CNS prior
episodes of sinus thrombosis. Depending on their location and to surgery can significantly reduce intraoperative blood loss,
severity of shunting, they may present with pulsatile tinnitus, bruit, shorten the operative procedure time and facilitate the removal of
ophthalmic symptoms (cavernous sinus DAYS), seizures, intra- these tumours. Hypervascular tumours which may benefit from pre-
cranial haemorrhage (Fig. 56.12) or decreased mental function and operative embolisation include meningiomas, metastases, glomus



Fig. 56.12 Embolisation of cortical vein dural arteri-
ovenous shunt presenting with parenchymal hae-
morrhage. CT without contrast at presentation
(A) demonstrating right parenchymal haematoma.
Right external carotid angiogram (B) showing arteri-
ovenous shunting into a cortical vein in the region of
the haematoma. Microcatheter angiogram from a
distal position within a frontal branch of the right
middle meningeal artery (C) better demonstrating the
dural arteriovenous shunt into a cortical vein. There
were several additional branches to the dural shunt off
the left middle meningeal artery (not shown). NBCA/

Lipiodol was injected from this position (D). This
achieved complete closure with no arteriovenous
shunting evident from either external carotid artery
(E,F). The internal carotid injection (G) demonstrates
preservation of the superior sagittal sinus. CT without
contrast after embolisation (H) demonstrates the
dense glue cast and the evolving haematoma.

jugulare tumours (Fig. 56.14), benign and malignant bone tumours cles (polyvinyl alcohol or Embosphereso) of a small size. The
and juvenile nasopharyngeal angiofibromas. Embolisation is choice of particle size is a balance between safety and efficiency
usually performed via the endovascular route but can also be and depends on whether a highly selective catheter position could
achieved by direct injection of embolic agent into the tumour (see be achieved. Smaller particles penetrate deeper into the tumour but
below). The aim is a reduction of blood supply to the tumour and carry a higher risk of skin necrosis and cranial nerve palsies, risks
this is most efficient if the embolic agent can penetrate into the they share with liquid agent such as glue or concentrate alcohol,
small vessels within the tumour, which is best achieved using parti- which are occasionally used.
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Fig. 56.13 Embolisation of dural arterio-
venous shunt causing cortical venous conges-
tion. CT with contrast (A) demonstrating
dilated cortical and deep veins, including the
septal vein. Right ECA angiogram (B) demon-
strating a dural fistula of right transverse sinus
supplied by meningeal and transosseous
branches with retrograde cortical veinous
reflux. Unsubtracted image (C) showing NBCA
glue cast at the site of the fistula. Note how
the glue has penetrated the venous side of the
fistula, with the cast corresponding to the
zone of shunting demonstrated in (B). Right
ECA angiogram (D) demonstrating complete
occlusion of the fistula. Note the decrease in
calibre of the occipital artery on this follow-up
angiogram. (Courtesy of Prof. P. Lasjaunias.)

Fig. 56.14 Embolisation of glomus jugulare tumour. External carotid angiogram (A) showing a hypervascular tumour at the level of the jugular foramen.
Superselective catheterisation of the ascending pharyngeal artery (B) prior to embolisation demonstrates that this vessel provides the main vascular supply
to the mass, a typical finding in glomus jugulare tumours. The external carotid artery angiogram following particle embolisation (C) shows almost com-
plete obliteration of the vascular supply. There is also some vasospasm near the catheter tip.



External carotid artery branches supply many of these tumours.
Before and during the embolisation, a meticulous search for the
presence of anastomoses from the external to the internal carotid or
vertebral arteries is mandatory. It is important to realise that these
collateral pathways can open during the procedure following alter-
ation of the local haemodynamics. Anatomical variants such as
ophthalmic supply from middle meningeal artery must be actively
sought.

Endovascular tumour embolisation may also be indicated as a
palliative procedure, to reduce tumour size or associated symptoms
in patients with lesions not amenable to surgery (Fig. 56.15).

Intra-arterial chemotherapy is an established form of treatment
i n head and neck tumours that fail to respond to conventional
therapy. Chemotherapeutic agents can be infused following

Fig. 56.16 Spinal dural arteriovenous fistula. Spinal angiogram in a patient
with progressive leg weakness and sphincter disturbance. Selective injection of

catheterisation of external carotid branched via the femoral route right thoracic intercostal vessels shows a dural arteriovenous fistula shunting
or through an infusion pump, implanted via surgical cutdown of the into perimedullary veins, which drain superiorly and inferiorly.

Fig. 56.15 Paliative embolisation of malignant extra-axial tumour. A contrast-
enhanced T 1 -weighted MRI (A) demonstrates a markedly enhancing metastasis with
extradural and extracranial extension (presumed to be from a known neuroen-
docrine primary). Superselective angiography of the left internal maxillary artery
(B) confirms marked hypervascularity of the mass. Injection of the same vessel fol-
lowing particle embolisation (C) shows devascularisation of the tumour. A contrast-
enhanced MRI after one week (D) shows large non-enhancing necrotic areas within
the tumour.
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Fig. 56.17 Vertebral haemangioma biopsy and embolisation. T2-weighted axial MRI (A) of
a vertebral haemangioma causing cord compression. CT-guided core biopsy (B). The biopsy
needle was placed through the pedicle of the vertebral body to decrease the chance of
causing haemorrhage within vertebral canal. Pre-embolisation right intercostal artery
angiogram (C) demonstrating the hypervascular haemangioma. Postembolisation angiogram
(D) demonstrating almost complete devascularisation after embolisation with PVA particles.

shunts
In principal, endovascular treatment of arteriovenous malformations
of the spinal cord does not differ from the brain, however, because
of the small size of the vessels of the spinal cord, its dependence on
one channel (the anterior spinal arterial axis) and the catastrophic
consequences of occlusion of the arterial supply to even a small
volume of the cord, it is an especially unforgiving territory to
embolise in. Complete eradication of an arteriovenous shunt can
seldom be safely achieved by embolisation. As in the brain, a per-
manent fluid embolic agent such as NBCA is preferred.

Whereas spinal cord AVMs are seen in young patients, spinal
dural fistulas most commonly present in elderly male patients and
are thought to be associated with venous thrombosis, like cranial
dural fistulas. Clinical symptoms may have an insidious onset with

a gradual or stepwise loss of power in the legs, walking difficulties
and sphincter disturbance. The symptoms are due to increased
(arterial) pressure in the veins draining the spinal cord leading
to venous congestion and cord oedema, evident as increased T2-
signal intensity within the cord on MR images. Definitive
diagnosis of spinal dural fistulas requires high-quality spinal
angiography, which should be performed under general anaesthesia
(Fig. 56.16).

superficial temporal artery. Local toxicity of this treatment includes Spinal dural fistulas may be treated by embolisation or surgery.
alopecia, mucositis, skin necrosis and cranial nerve palsies. Embolisation is an option if the fistula arises from a purely radicu-

lar artery, which does not provide any arterial (either a radiculo-
medullary or radiculopial artery) supply to the cord. It involves the
injection of a permanent occlusive agent such as NBCA glue,
which must reach and occlude the fistulous point. Surgery of these
lesions is usually straightforward and consists of exposure and
electrocoagulation of the fistula, which is located on the dura. The
chief aim of treatment is to prevent further progression of symp-
toms. Recovery from existing symptoms is possible but can be slow
and depends on the degree of established cord damage, which is
related to the length of clinical history. Diagnosis of this relatively
infrequent condition is unfortunately often delayed and patients
have often had negative or inconclusive investigations for lumbar or

thoracic disc disease. It is therefore important to heighten the
awareness for this disease and the available treatment options. Their
diagnosis is not infrequently missed, sometimes even after (usually
inadequate) spinal angiography, and it must be remembered that the
definitive diagnosis of spinal dural fistulas requires high-quality
spinal angiography.



Fig. 56.18 Percutaneous vertebroplasty. Fluoroscopic images in frontal (A) and lateral (B) projections showing transpedicular course of cannulas prior to
first injection of PMMA. Note marked osteopenia and loss of height of vertebral bodies in this patient with multiple myeloma. Subsequently cannulas were
placed (C) in the other severely affected levels. A total of three levels were treated (D). The patient was able to cease morphine after the procedure.
(Courtesy of Professor Juergen Reul.)

The aim of percutaneous vertebroplasty is mechanical strengthen-
ing of weakened or partially destroyed vertebral body by the percu-
taneous injection of acrylic cement, a substance which has been
used in surgery for decades. The first image-guided percutaneous

Fluoroscopy or cross-sectional imaging can be used to accurately

place a biopsy needle and to avoid injury to adjacent vital structures,
such as the spinal cord or major arteries (Fig. 56.17B). Biopsies of
the spine are frequently performed under fluoroscopic or CT guid-
ance. Imaging guided biopsies can also be performed on an interven-
tional ('open') MR system, which allows multiplanar scanning and
offers more flexibility in choosing the access route. Special MR-

Low-flow vascular malformations of the head and neck, such as
hacmangio-lymphangiomas and venous malformations, can be
treated with direct injections of concentrated alcohol under fluoro-
scopic guidance. This procedure has to be proceeded by an angio-
graphic run during the injection of a contrast medium through the
percutaneously placed needle to delineate the vascular compart-
ments and venous drainage route. Injection of concentrated alcohol
should not be undertaken in the presence of intracranial venous
drainage.

Spinal tumours or intracranial extradural tumours can be directly
punctured using image guidance and embolised with particles or
glue through a percutaneous needle, preoperatively or for palliation.
Direct percutaneous tumour- embolisation can he more efficient than
embolisation of several feeding pedicles via the endovascular route
hut should only be undertaken be an experienced operator, using
biplane fluoroscopy for intracranial lesions.
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Endovascular treatment of vertebral tumours compatible non-ferromagnetic instruments are required. In addition

Embolisation for vertebral tumours is generally performed preoper- to percutaneous procedures performed in the radiology department,

atively, aiming to reduce intraoperative bleeding (Fig. 56.17 C,D), imaging plays an important role in neurosurgical navigation. This

though occasionally it may result in resolution of symptoms (either can be based on preoperative acquisition of volumetric CT or MR

pain or cord compression). Both benign (especially haemangioma) scans using a stereolactic frame or on intraoperative MR, which

and malignant (usually metastatic) hypervascular lesions may offers `real-time' monitoring of neurosurgical procedures.

benefit from endovascular treatment.
High-quality diagnostic spinal angiography must he performed

first. This should demonstrate the blood supply to and degree of
vascularity of the lesion. The arterial supply to vertebral bodies is
from the two adjacent metameric levels, and these should he exam-
i ned bilaterally. The blood supply to the spinal cord must be care- Percutaneous access under image guidance can also be used for

fully examined as inadvertent embolisation of a radiculopial or minimally invasive treatment.

radiculomedullary artery may have terrible consequences. It will
also be useful for the surgeon to know the location of any radiculo-
medullary artery in the region to be operated on.

If the lesion is hypervascular and there is no radiculomedullary
or radiculopial artery arising from the same level, embolisation can
he performed safely. It should be remembered that patterns of flow
may alter in the course of embolisation, and the possibility of a pre-
viously unopacified vessel contributing to the supply of the spinal
cord should be excluded. Embolisation may be performed either
through a catheter positioned in the segmental artery supplying the
tumour, or more selectively thorough a microcatheter in the feeding
pedicles of the tumour itself. Occlusion of the segmental artery
distal to the origin of supply to the tumour may be useful to reduce
passage of embolic material to vessels supplying the skin and body
wall.
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vertebroplasty (PVP) was performed in France in 1 984, using the

injection of polymethylmethacrylate (PMMA) into a C2 vertebra

that had been partially destroyed by an aggressive haemangioma.

Thereafter, PVP was used to treat vertebral compression fractures

caused by metastatic or primary bone tumours (haemangiomas,

giant cell tumours) and osteoporosis (primary or steroid induced).

PVP is able to provide rapid and lasting relief from the pain asso-

ciated with vertebral compression fractures and is increasingly used

for that purpose. High-quality fluoroscopic equipment is a prerequi-

site for PVP. It is essential for accurate placement of the cannula

and real-time visualisation of the cement injection (Fig. 56.18). CT

has been described as an aid to fluoroscopy, but adds considerable

complexity and is most useful in the cervical spine to avoid the

carotid vessels and down to approximately T4 where lateral

fluoroscopy may be impossible through the shoulders.

Reported clinical complications following PVP include fever,

i nfection, cement pulmonary embolism, radiculopathy and cord

compression. Treatment of osteoporotic compression fractures has a

l ow rate (1-2 (lo ) of mostly ncrn-neurological complications. The

complication rate increases in patients treated for malignant com-

pression fractures, because of a higher risk of cement leakage from

vertebrae destroyed by tumour. A 3-6% rate of (mostly transient)

radiculopathy has been reported in this group.

Photodynamic therapy is a minimally invasive treatment with great

promise in malignant disease. It can be applied before or after

chemotherapy and he repeated as necessary. It is based on the inter-

action of an intravenously injected photosensitising drug and

l ocally delivered light of a specific wavelength, which activates the

drug. Interaction of the activated photoscnsitiser with oxygen

results in the production of a highly cytotoxic singlet oxygen. This

technique has been used as surface illumination of superficial

mucosal lesions in the past. Interstitial light delivery to solid

tumours of the head and neck is greatly facilitated by imaging-

guided placement of needles through which optic fibres can be

i nserted, providing a focused delivery of laser light (Fig. 56.19).
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Disorders of the brain will be considered in this and the following transcranially for the circle of Willis (see Ch. 15). Ultrasound may
chapter under the following headings: also be used during operations to assist the neurosurgeon in defin-

• Methods of investigation ing tumour extent and cysts.

• Some aspects of technique Simple radiography has been used in the past as a cheap prelimi-

• Congenital lesions nary screening technique but its accuracy and specificity are so low

• Neoplasms compared with those of CT and MRI that most workers now dis-

• Vascular lesions pense with its use. It is, however, still valuable in the assessment of

• Trauma skull trauma. With suspected cerebral lesions it is helpful in lesions

• Inflammatory lesions i nvolving the skull vault and base and has been discussed in detail

• Degenerative and metabolic lesions i n Chapter 53.

• White matter disease Arteriography is no longer used for the diagnosis of tumours

• Epilepsy except in special circumstances as described below, but is still

• Ultrasound essential for the definitive diagnosis of most vascular lesions

• Radioisotopes. (Ch. 55). Its use has also extended into the field of interventional
radiology (Ch. 56). As explained in Chapter 55, non-invasive or
minimally invasive techniques for arteriography in the form of
MRA and spiral CT are now preferred to direct artcriography and
should be used where possible.

The following methods arc in current use for investigation of
diseases of the brain: Some aspects of CT and MRI techniques
1. Simple radiography Data presentation CT and MRI present data as an analogue
2. Computed tomography (CT) display on a console. Presentation is in the form of a `grey scale' in
3. Magnetic resonance imaging (MRI) which whiteness is proportional to the X-ray attenuation coefficient
4. Ultrasound or nuclear magnetic resonance (NMR) signal intensity at each point
5. Angiography i n the image. The range can be varied by changing the `window'
6. Radionuclides. ( W) so that tissues within a wide or narrow range of CT or MRI

CT and MRI are now the techniques of choice for investigating
characteristics can be evaluated. The centre point or level (L) of the

most suspected lesions of the brain, and this and the following
window can also be varied. Standardising W and L is of more
i mportance in CT; the range of imaging options and signal variation

chapter are mainly devoted to their use in defining intracranial
pathology. that occurs in MRI mitigates against rigorous standardisation.

The use of radioisotopes as a method for the localisation of
Figure 57.1 shows the relative density on the Hounsfield scale of

i ntracranial lesions is now obsolete, apart from a few special indica-
the normal body tissues at CT. This scale is an arbitrary one with air

tions which are discussed in the section on radionuclides at the end
at -1000 units and water at 0 units as fixed points. The numerical

of Chapter 58. Positron emission tomography (PET) is proving value assigned to the attenuation coefficient bears a linear relation-

useful in certain as ship to the electron density of the tissue concerned. Although tissue
aspects of brain disease by showing differences in

contrast in MRI depends mainly upon proton density and T, andlocal brain metabolism but is expensive and is only available at
Tz relaxation times, other contrast mechanisms come into play,special centres. It is also discussed below.

Ultrasound is very useful in neonates and infants but not in older
and absolute values show considerable variation according to

children and adults, since it requires the window of an open
measurement method and equipment used.

fontanelle to image the brain (see Ch. 58). However, duplex and Contrast enhancement Soon after the introduction of CT brain
Doppler ultrasound can be used to investigate the neck vessels and scanning, Ambrose (1973) showed that pathological lesions in the
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gadolinium (Gd3 +). This is chelated to a large carrier molecule such
as DTPA and injected intravenously as a dose of 1-2 mM/litre/kg
body weight.

Head positioning Most CT studies are performed with the head
supine and the plane of section at 10-25 ° to Reid's baseline. This
is comfortable for the patient and reduces radiation to the sensi-
tive lenses of the eye. The appearances in a set of normal axial
scans are illustrated in Figure 57.2.

Modern gantries are wide enough to permit coronal or near-
coronal sections to be obtained directly if the patient is able to
cooperate by assuming the appropriate position. Sagittal or near-
sagittal sections can also be obtained (Fig. 57.3). In most cases,
however, these projections are obtained by computer reconstruc-
tions of the stacked axial slices (reformat). However similar facili-
ties arc now available with the new generation of multislice spiral

CT scanners.
The issue is simpler with MRI, where the scan plane is set elec-

tronically and multiplanar facilities are readily available. Figure
57.4 shows a set of normal MR scans in the usual axial plane, and

Fig. 57.1 The Hounsfield CT scale. The full scale on the left extends over Figure 57.5 a set in the coronal plane.
2000 units. The expanded scale on the right extends over 200 units and
i ncludes all body tissues. Head scans are usually done routinely at a window MRI protocols Protocol choice for MRI is much wider than for
l evel (L) of 34-40 and a window (W) covering 0-75. CT even in brain imaging, the longest established and in many

ways simplest of all organs to image. Most modern units no

brain frequently accepted intravenous iodinated contrast media l onger use conventional spin-echo sequences, but one or more of

such as those used in pyelography in a manner different from the fast techniques are now available. In practice, this generally

normal brain. This is due partly to the breakdown of the entails the use of gradient-recalled echo ( GRE) imaging for three-

blood-brain barrier which occurs in brain tissue damaged by dimensional (3D) or volumetric acquisitions, and fast spin-echo

disease and partly to the abnormal vascularity of some neoplasms for multislice (2D) acquisitions. Also, fast spin-echo techniques

and other pathological lesions. Aneurysms and angiomas also are used mainly to demonstrate proton density and T2-weighted

enhance with contrast medium, mirroring its concentration in the contrast, T,-weighted contrast being best displayed by gradient-

blood, as do vascular structures such as the choroid plexuses. recalled echo techniques, conventional spin-echo or inversion

Since grey matter contains considerably more blood than white recovery. Fast spin-echo acquisitions can be used to acquire dual

matter, the difference between grey and white matter is also echoes, generating proton-density and T,-weighted images from

accentuated by contrast, and the falx and tentorium are also each excitation as in conventional spin-echo techniques. However
enhanced. Thus, some lesions not obvious on the simple scan this takes twice as long as collecting a single echo at a single

could be revealed and many others enhanced by the contrast effective TE, so that the advantage of collecting a single echo is

medium. Different workers have varied the amount of contrast that the spatial resolution can be increased for the same acquisi-
medium used. A dose equivalent to 30 g of iodine for an average tion time. In the head GRE techniques are used mainly for volti-

adult and given as a bolus is widely used, though many workers metric acquisitions with T,-weighted contrast, usually with some

readily use up to 40 g. form of tissue magnetisation preparation, of which the simplest is

Aneurysms and other vascular structures are shown best immedi- inversion recovery (IR) prepared.

ately following injection when blood concentrations of iodine are The routine MR examination of the brain performed by most

highest. Leakage through the blood-brain barrier shows best some units is still a sagittal scout image or multislice T,-weighted GRE

30 minutes later. In practice both types of lesion are adequately acquisition followed by an axial dual-echo fast spin-echo acquisi-

shown in sections taken 10-15 minutes following injection. tion. Most units prefer dual to single echo for routine brain imaging

It is usual to inspect the non-enhanced scan first and then, if because signal from CSF is lower, enabling lesions close to the

necessary, to proceed to injection of contrast medium followed ventricles or in cerebral cortex to be identified more reliably.

immediately by the enhanced scan. It is not necessary to use Acquisition in the coronal plane is preferred in special situations,

enhancement in every case. Where the simple scan is normal and the dictated clinically such as in patients with habitual epilepsy or

clinical indications are vague it has been general experience that the dementia, or to help localise lesions shown by other sequences.

post-enhancement scan is most unlikely to add further information. When specialised post-processing is required, such as volumetry,

The inert gas xenon has also been shown to be lipid soluble and surface rendering or registration, magnetisation-prepared GRE

to cross the blood-brain barrier after administration as an anaes- volumetric imaging is preferred, usually in the coronal plane using

thctic. However, its high cost and the fact that its administration contiguous slices of I or 1.5 mm thickness. High-resolution tech-

often requires anaesthesia make it impractical for routine use as an niques (single echo) are used for imaging small structures such as

enhancing agent. the pituitary gland or internal auditory meatuses (Fig. 57.5).

MRI, despite its greater soft-tissue contrast sensitivity, also Newer sequences are now becoming generally available, sonic of

makes widespread use of contrast enhancement. T, and T, relaxa- them exploiting novel NMR contrast mechanisms. One, which

tion enhancement is provided by the strongly paramagnetic ion depends on conventional T,-weighted contrast, is fluid-attenuated



Fig. 57.2 Serial slices from below upward in an elderly patient with some degree of atrophy with diagrams to illustrate normal anatomy.
(A) T = temporal lobe; CP = cerebellopontine angle; B = brainstem; 4 = fourth ventricle; C = cerebellum. (B) D = dorsum sellae; P = pontine cistern;
Ba = basilar artery; TH = temporal horn. (C) SC = suprasellar cistern; H = hippocampus; B = brainstem; V = vermis. (D) Ped = peduncle; I = insula; 3V = third
ventricle; CQ = corpora quadrigemina. (E) FH = frontal horn; SP = septum pellucidum; CN = caudate nucleus; T = thalamus; CP = choroid plexus; OH =
occipital horn. (F) IHF = interhemispheric fissure; B = body of lateral ventricle. (G) Su = sulci; F = falx.
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been limited by long acquisition times. A proven but not yet widely
available strategy for improving its efficiency uses sequential inter-

l eaving and rapid acquisition with relaxation enhancement (RARE).
This enables very long repetition times to be used (10 seconds or
more).

Magnetisation transfer contrast imaging is widely available but
relatively little used in clinical practice. It emphasises contrast
derived by the reduction in relaxed magnetisation induced by appli-

cation of a broad-spectrum off-saturation prepulse which saturates a
tightly bound water fraction not observed directly with MRL What
the water is bound to is uncertain, although in biological tissues it
may be mainly macromolecules and membranes.

Diffusion weighted contrast i maging can be achieved by using
strong diffusion weighting gradients, where contrast depends on the
diffusion coefficient of water. Diffusion behaviour is anisotropic,
especially in white matter, diffusion being greatest in the direction
of the tracts and smallest transverse to them. Anisotrophy can be
characterised from three orthogonal directions, or better by an ellip-
tical tensor, and directionality expressed as a trace, or one of many

Fig. 57.3 Diagram illustrating position of patient for coronal or near- anisotropy indices. Diffusion weighted imaging has been used
coronal sections (A, B), and sagittal or near-sagittal sections (C) at CT. mainly in the evaluation of stroke, and now has widespread clinical

application.
inversion recovery (FLAIR) and its variations which produce Perfusion imaging can be produced by analysing the signal
heavily T,-wcighted CSF-nulled images by coupling an inversion change over time in regions of interest after the administration of a
pulse followed by a long inversion time to a long echo time. bolus of intravenous contrast medium, or by techniques such as
Although FLAIR has had great success in displaying lesions not blood oxygenation level dependent contrast imaging (BOLD) or
seen with conventional T,-weighted spin-echo sequences, it has arterial spin tagging. The latter are used in activation studies in

Fig. 57.4 MRI axial sections showing
normal anatomy. (A) T,-weighted section
shows CSF black and clear differentiation
between white and grey matter. (B-G)
T2- weighted sections in another patient
show CSF white and white matter dark while
grey matter remains grey. Compare with
and relate to diagrams in Fig. 57.2.



functional MRI, which is currently mainly a research rather than a
clinical tool.

CT cisternography This technique greatly enhances the contrast
between CSF and neural tissue enabling window and level set-
tings to be arranged to minimise the effects of artefacts, especially
i n the posterior fossa and around the skull base. It requires the
intrathecal injection of a water-soluble myelographic contrast
medium, usually only about half or less of the amount that would
be used for a myelogram. Contrast medium is run into the head by
gravity, and imaging using high-resolution techniques can be per-
formed to produce great anatomical detail of the cisternal struc-
tures. The technique is most widely used for demonstrating the
site of CSF leaks in CSF rhinorrhoea but its other applications,
such as demonstrating small tumours in the cerebellopontine
angle, have been rendered obsolete by MRI. Air eisternography
was also once used with CT but is no longer needed.

Congenital lesions of the brain are listed in Box 57.1. Most are well
demonstrated by CT or MRI, and are discussed in this chapter. The
appearance of the normal neonate brain differs from those of older
children and adults and is also described here.

The neonatal brain In CT images the density of the brain is depen-
dent on the stage of maturation/At full term the cortex shows convo-
lutions, the cerebral sulci are well defined, and the cortex and white
matter are differentiated. In premature infants before 30 weeks the
brain is homogeneously low in attenuation with the cortex appearing
as a thin denser rind without sulci. The sylvian fissures are shallow
and wide and the ventricles appear relatively large.- They become

Hydrocephalus
Meningocele and encephalomeningocele
Macrocephaly
Hemimegalencephaly
Chiari malformations
Aqueduct stenosis
Dandy-Walker syndrome
Arachnoid cyst
Ependymal cyst
Septal agenesis
Septo-optic dysplasia
Cyst of the septum pellucidum
Cyst of the cavum Vergae
Agenesis of the corpus callosum
Lipoma of the corpus callosum
Hamartoma
Coarctation of the frontal horn
Porencephaly
Schizencephaly
Hydranencephaly
Holoprosencephaly
Disorders of neuronal migration
Phakomatoses

Fig. 57.5 MRI corona) sections from before backward. (A,B) The sella
and cavernous sinuses with carotid siphons. The chiasm is seen in
the suprasellar cistern. (B,C) Pontine cistern and basilar artery (black).
(D,E) Cerebellopontine angle cisterns with high-signal CSF in the internal
auditory meatus. The medulla and spinal cord are outlined in (F). The
hippocampus is also well shown.

smaller with maturity and at term appear as narrow slits. During the
same period there is progressive differentiation between white and
grey matter, and the sulci and convolutions become defined.
Contrast between cortex and medulla increases as myelination pro-
gresses. Low attenuation of the white matter is a normal finding in
neonates and usually resolves in the first 2 or 3 months.

MR/ is also sensitive to the changes of myelination. This mani-
fests as relative shortening of T, and T, relaxation times of white
matter, thus increasing the relative contrast between white and grey
matter on images as the infant brain matures.

Myelination begins in the brainstem and extends into the internal
capsules and optic radiations by 6 months of life, forceps major and
minor by 1 year, and into the gyral convolutions as in the adult by a
year and a half.

Ultrasound is widely used for the examination of the neonate and
infant brain. The appearances are discussed below (see Ch. 58).



Hydrocephalus Congenital hydrocephalus in infants and young
children may be classified, like adult hydrocephalus, as communi-
cating and non-communicating. In the former there is free com-
munication between the ventricles and the basal cisterns, with
obstruction to the flow of CSF in the subarachnoid space or basal
cisterns. This is due to meningeal irritation by haemorrhage,
infection or trauma. All the ventricles are enlarged and the basal
cisterns may be prominent. In some congenital cases the cause
remains obscure. In non-communicating hydrocephalus flow is
obstructed within the ventricular system, usually at third ventricu-
lar, aqueductal or fourth ventricular level. The ventricles arc
dilated above the level of obstruction and are normal below it. In older children CT or MRI will be necessary to differentiate

Non-communicating hydrocephalus in infants and children is and to elucidate other pathological processes. These are discussed
commonly due to aqueduct stenosis. Other congenital causes under their specific headings.
are Dandy-Walker syndrome, arachnoid cysts and, very rarely, Hemimegaleneephaly In this condition enlargement of the skull
neoplasms. is unilateral and confined to the vault. The asymmetrical skull is

In infants the diagnosis is confirmed by ultrasound (see Ch. 58), secondary to, a congenital unilateral enlargement of the brain, and
and a specific causative lesion such as Dandy-Walker or arachnoid is associated with fits, hemiplegia and hemianopia. Pathologically
cyst may be demonstrated or the level of obstruction identified. In there are migrational abnormalities with thickening of the grey
older patients CT or MRI will usually identify the level and in most matter and increase of the white matter and with abnormal
cases the cause. Rarely hydrocephalus is due to oversecretion of shallow sulci on the affected side. The ventricle on this side is
CSF, as in some cases of papilloma of the choroid plexus. also enlarged. The brain lesions are identified by CT or by MRI.

Low-pressure hydrocephalus This is encountered in the elderly Chiari malformations These were originally described by Chiari
and may be difficult to distinguish from atrophy. The distinction is i n 1891 and 1896, and were graded Types 1-4 according to
discussed below (see Ch. 58). degree of deformity. Types 3 and 4 have the major deformities

At MRI the signal from CSF is modulated by pulsatile motion on with cerebellar hypoplasia and downward displacement of the
moderately T2 - weighted images, being lowest near the choroid brainstem and a high cervical or occipital encephalocele.
plexuses, in the aqueduct, along the floor of the fourth ventricle,
and in the anterior cisterns of the posterior fossa where the velocity Type 2 This also presents in neonates or infants, virtually
of CSF motion is greatest. In obstructive hydrocephalus this effect always with a thoracolu mbar myelomeningocele. The associated
is diminished or absent while in communicating hydrocephalus it is brain deformities consist of caudal herniation of the medulla and
often, but not always, accentuated, especially in the aqueduct. vermis with a caudally displaced and elongated fourth ventricle. A
Interstitial oedema secondary to hydrocephalus is clearly shown by backward kink may be seen at the caudally displaced junction of
MRI on T2- weighted images, appearing as well-demarcated bands cervical cord and medulla. Hydrocephalus may he due to associated
of increased signal extending centrifugally from the subependymal aqueduct stenosis or to occlusion of the ambient cisterns.
tissues to the central white matter. There are also various other malformations of the brain. These

i nclude hypoplasia or absence of the falx and tentorium with inter-
Meningocele and eneephalomeningoeele These lesions are digitation of the cerebral hemispheres; absence of the corpus callo-
usually obvious clinically though, as noted in Chapter 53, small sum with forward pointing of the frontal horns; deformity of the
lesions of the vault or larger lesions involving the skull base and midbrain (dorsal beaking); enlargement of the cerehellar vermin and
re sopharynx can be misdiagnosed, with potentially disastrous forward protrusion of the cerebellar hemispheres as pointed projec-
esultse tions around the brainstem; gyral malformations, and other lesions.

The skull defects visible at simple X-ray have already been Many of these brain deformities can be identified by CT or MRI,
described. The nature and extent of the cerebral deformity, particu- and some by neonatal ultrasound. Simple X-ray may show a
larly with basal meningocele, can be clearly defined by CT or MRI
before surgical intervention. At MRt the anatomy

l acunar skull and forward bowing of the petrous bones and clivus.
is best shown on

T,-weighted images. Type 1 This is the least obvious clinically and may not be diag-
nosed until adult life. It consists of tonsillar herniation through the

Maeroeephaly (megalencephaly) Pathologically this is defined as foramen magnum with or without varying degrees of elongation of
a brain weighing more than 1800 g. Such brains may be struc- the medulla oblongata and fourth ventricle.
turally normal and occur in children from large-headed families,
but more frequently there are migrational abnormalities, a diffuse Syringohydromyelia (see Ch. 54) This is associated with the

glial proliferation or a pathological process. The latter include condition in up to 70% of cases. The patients do not present clini-
cerebral lipidoses, spongy degeneration of the white matter and cally until adult life when the symptoms and signs of syringomyelia
Alexander's disease. Large brains may also be seen in tuberous develop; less typically, symptoms suggesting involvement of the
sclerosis (Box 57.2). l ower cranial or cervical nerves arc seen, and very rarely patients

In infants or children presenting with large heads the primary present with hydrocephalus.
differentiation is from hydrocephalus, which is the commonest Bony anomalies of the craniocervical junction are present in
cause. Ultrasound in infants will readily confirm hydrocephalus or around 1 5% of cases, particularly assimilation of the atlas. Basilar
bilateral subdurals (see below). invagination and dysplasias of the vault are other rare associations.

Hydrocephalus
Subdural effusions
Normal (sometimes familial)
Migrational abnormalities (see below)
Lipidoses
Spongy degeneration
Alexander's disease
Tuberous sclerosis
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Fig. 57.6 Aqueduct stenosis shown by MRI. Sagittal midline section.
(Courtesy of Dr Gordon Thomson.) Fig. 57.8 (A-D), Dandy-Walker syndrome shown by CT.

I maging The diagnosis is best confirmed by MRI, which also
shows the syrinx non-invasively (Fig. 54.4C). Caution is required
when interpreting sagittal images of the craniovertebral junction as
partial volume effects result in visualisation of 3-4 mm of cere-
bellar tissue apparently l ying below the foramen magnum in
I 5-20% of normal individuals. Coronal imaging is helpful in equiv-
ocal cases.

Aqueduct stenosis In this condition there is a congenital stenosis
or obstruction of the aqueduct which results in hydrocephalus
i nvolving the third and lateral ventricles. While this usually pre-
sents in infancy or childhood, the condition is occasionally diag-
nosed in adults. In all cases it is necessary to exclude obstructive
hydrocephalus due to a local tumour or ependymitis. There are
also recognised associations with neurofibromatosis and Chiari
Type 2 malformation.

Fig. 57.7 Axial T2 - (A) and sagittal T,- (B) weighted images in a patient
I maging The diagnosis can be made by CT but is more ele- with the Dandy-Walker syndrome showing an enlarged posterior fossa with

gantly shown by sagittal MRI sections through the aqueduct a high tentorium, and a large fluid-filled fourth ventricle-cisterna magna
(Fig. 57.6). Hydrocephalus is present, involving the lateral and third complex in association with vermian hypoplasia.

ventricles. The latter is often markedly dilated and its suprapineal
recess can be large and rounded, simulating an arachnoid cyst.

cisterna magna, or a gliomatous cyst is normally easy, with the
Anteriorly the third ventricle may extend down into the sella, which distinguish-
is often flattened. The mouth of the aqueduct is dilated like a bell or

presence of a normal or small fourth ventricle as a key distinguish-

et, while the lower aqueduct and fourth ventricle appear
mg feature. The dysplastic cerebellum in Dandy-Walker syndrome

trump
also helps to distinguish the condition.

normal. There is no evidence of a mass lesion in the brainstem or
posterior fossa.

Dandy-Walker syndrome I n this condition there is a more or
l ess complete membranous obstruction to the foramina of
Magendie and Luschka, which causes cystic dilatation of the
fourth ventricle. The lesion may occur on its own or in association
with other congenital anomalies such as meningocele or defects in
the corpus callosum. The cerebellum is hypoplastic and in severe
cases the hemispheres are vestigial and the vermis undetectable.

The grossly dilated fourth ventricle extends upward to and above
the tentorium and also backward to the occipital bone, which is
thinned and bulging, expanding the posterior fossa. There is also
marked hydrocephalus with dilatation of all the ventricles.

I maging CT or MRI shows the anatomical features described
and permits an immediate diagnosis (Figs 57.7, 57.8). In the
neonate or small infant, diagnosis may he made by ultrasound
(Fig. 58.86). Differential diagnosis from an arachnoid cyst, a giant
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Dandy-Walker variant This term is applied to cases where
Fig. 57.11 Arachnoid cyst in left anterior temporal (A) and Sylvian

l esions are less marked and the posterior fossa is not enlarged, (B) region. It expands the overlying skull but produces minimal brain
though the fourth ventricle is dilated and the vermis dysgenetic. displacement.

Joubert's syndrome This condition is characterised clinically by
ataxia, mental retardation, episodic hyperpnoea, and abnormal eye

They can present in adults but more usually they present in infants
or children, particularly if large enough to produce a mass effect or

movements, and is due to total aplasia of the cerebellar vermis.
obstructive hydrocephalus. The latter is most frequently seen with

This is easily shown by CT or MRI where, in addition to absence
of the vermis, the fourth ventricle appears large and triangular

posterior fossa or quadrigeminal cistern cysts (Fig. 57.10). There may

with the apex pointing backward at its midportion, and large and
be hypoplasia of underlying cerebral tissue such as the temporal pole,

bat's wing' at a higher level (Fig. 57.9).
considered by some to represent a coexistent congenital malformation
and by others to be secondary to the mass effect (Fig. 57.11).

Giant cisterna magna In this condition the cisterna magna Symptomless cases are sometimes found coincidentally at CT or
appears abnormally large or dilated and the posterior fossa may MRI examination of adults for other lesions. In neonates or
be enlarged. The fourth ventricle, cerebellum and vermis, how- small infants the cysts may be diagnosed by ultrasound, but in older
ever, are seen to be normal. children or adults they are diagnosed by CT or MRI (Fig. 57.12).

Arachnoid cyst Arachnoid cysts are intracranial but extra-
They usually lie in one of the classic sites mentioned above, are of

cerebral. They may be found anywhere around the brain, but are
CSF density, and on CT have no enhancing capsule or adjacent

seen particularly in the middle and posterior cranial fossae, in the
calcification.

suprasellar region, and behind the third ventricle. They contain
With suprasellar arachnoid cysts, differential diagnosis is from a

clear fluid indistinguishable from CSF and are lined by arachnoid
Rathke's cleft cyst or craniopharyngioma, and occasionally from a

tissue. Electron microscopic studies suggest they are due to con-
grossly dilated third ventricle. In the quadrigeminal cistern a dilated

genital splitting of the arachnoid membrane. The clear CSF
suprapineal recess or even a cystic pineal tumour may need

content helps to distinguish them from post-traumatic lesions
consideration.

such as subdural hygromas and from postinflammatory locula- Ependymal cyst These very rare cysts are lined by a thin wall of
tions. Arachnoid cysts are usually unilocular, but septated cysts ependyma and can be intra- or paraventricular. The latter can
may occur. resemble a hydatid cyst at CT and show no marginal enhancement.

Fig. 57.9 J oubert's syndrome
at the level of the ponto-mesen-
cephalic junction showing the
' molar tooth appearance' with
superior cerebellar peduncles
clearly seen on the coronal T,-
weighted image (A) due to
absence of vermian folia. In this
other patient with Joubert's syn-
drome the superior cerebellar
peduncles are typically very hori-
zontally orientated on the sagit-
tal T,-weighted image (B). (C)
Axial T2W, view of patient with
J oubett's syndrome showing
molar tooth appearances.

Fig. 57.10 Arachnoid cyst (arrows) involving pineal region and
quadrigeminal cistern and compressing back of third ventricle, producing
marked hydrocephalus.
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Fig. 57.13 (A) Cavum septi pellucidi: C = corpus callosum; F = fornix; Fig. 57.15 Axial T 2 - (A) and sagittal T,- (B) weighted images showing a
CS = cavum septi pellucidi. (B) Cavum septi pellucidi and cavum Vergae: cyst of the velum interpositum which extends into the trigone of the left
VI = velum interpositum; CV = cavum Vergae; 3 = third ventricle. lateral ventricle.

Fig. 57.12 MRI study of left anterior temporal arachnoid cyst, proton
density. (Courtesy of Dr Gordon Thomson and Bristol MRI Centre.)

Large intravcntricular ependymal cysts can resemble unilateral
hydrocephalus since they usually occur in the lateral ventricle and
the wall is difficult to define at CT. Intrathecal or intraventricular
contrast agent has been used to establish a diagnosis, by outlining
the cyst within the opacified ventricle.

Cyst of the septum pellucidum The double septum or fifth ven-
tricle is due to the abnormal persistence of the fetal cavum septi
pellucidi. Ultrasound will show that this is present in over one-
third of neonates. The incidence falls rapidly through childhood,
but nevertheless the condition persists in 1-2% of adults, when it midline. A similar situation can arise in severe hydrocephalus to]-
will be seen as a chance finding at imaging by CT or MRI lowing rupture of the septum. Both conditions are readily identi-
(Figs 57.13A, 57.14A). fied at CT or MRI.

Cyst of the cavum Vergae This represents the so-called `sixth Septo-optic dysplasia (De Morsier's disease) This is charac-
ventricle' and is a backward extension of the septal cyst, though tensed by absence of the septum pellucidum and hypoplasia of
much less commonly seen. Anatomically it lies beneath the poste- the anterior optic pathways. There is squaring of the frontal horns
rior part of the corpus callosum with the velum interpositum with a large chiasmatic cistern, and the child has retarded devel-
below (Fig. 57.13B). On axial CT sections the eavum Vergae opment and poor vision. The anatomical features may be demon-
appears as a rectangular structure continuous with a septal cyst strated by CT or by MRI.
anteriorly, both being of CSF density (Fig. 57.14B). It should not
be confused with the normal velum interpositum (Fig. 57.13), Agencies of the corpus callosum This is usually partial but

which is also of CSF density and lies above the third ventricle. sometimes complete. It may occur as an isolated finding, or in

The latter is frequently seen at axial CT, but is triangular in shape association with other malformations.

with the apex lying anteriorly, and contains the enhancing internal
cerebral veins (Fig. 57.14C). Fig. 57.15 shows a cyst of the velum
i nterpositum.

Septal agenesis Septal agenesis can occur as an isolated lesion
giving rise to a single ventricle communicating across the

Fig. 57.14 Cyst of the septum pellu-
cidum (arrow in A) continuous
(B) with cyst of the cavum Vergae
(arrow). (C) Velum interpositum (arrows)
containing enhanced internal cerebral
veins.



Fig. 57.17 Sagittal (A) and coronal (B) T,-weighted images showing an extensive lipoma of a dys-
plastic corpus callosum. Low signal within the lipoma on the T 2

axial image (C) is likely to represent cal-
cification. There is enlargement of the posterior horns of the lateral ventricles (colpocephaly).

Fig. 57.18 (A,B) Midline bifrontal lobulated lipoma with marginal calcification. Shown by CT. (C) Hamartoma of the left temporal lobe. Coronal MRI
study shows a small rounded lesion mainly of low signal similar to cortex.

Fig. 57.16 (A) Complete agenesis of the corpus callosum shown by midline
sagittal MRI section. (B) Partial agenesis of the corpus callosum.
(C) CT shows lipoma of the corpus callosum with marginal calcification.

Partial agenesis usually involves the posterior part, and the ante-

At CT complete agenesis is characterised by wide separation of rior part may remain normal. MRI shows similar features on axial or

the medial borders of the lateral ventricles, with a high third ven- coronal sections, but a midline sagittal section (Fig. 57.16) shows

tricle extending up between them and also enlargement of the

occipital horns.
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Fig. 57.20 (A) CT shows minor degree of schizencephaly presenting as lateral slit lined by cortex. Axial T 2 - weighted image (B) of a patient with bilateral
schizencephaly. The clefts radiate out from the lateral ventricles to the surface of the hemispheres and are lined by grey matter. The cleft on the right is
closed-lipped whereas the one on the left is open-lipped and this is evident on the more superior axial T,-weighted image (C).

the lesion most clearly. The third ventricle extends upward into and
above the position of the absent corpus callosum. Radial configura-
tion of the medial cerebral sulci extending through the absent cal-
l osal body region is also seen in the sagittal images. The axons
which fail to cross form symmetrical longitudinal bundles along the
medial surfaces of the hemispheres and impress the medial parts of
the ventricles. Thus the frontal horns and bodies are laterally dis-
placed and small. The atria and occipital horns are large and rounded
due to lack of the normal forceps major impressions.

A lipoma may sometimes he found at the site of the absent
corpus callosum (see below).

Lipoma of the corpus callosum I ntracranial lipomas are rare

t umours which occur mainly in relation to the corpus callosum,
but can also occur elsewhere including the suprasellar and pineal
areas. They may lie above a normal corpus callosum but are asso-
ciated with partial or complete agenesis in 40% of cases. There is
often marginal calcification where they merge with adjacent corti-
cal tissue this can he of a characteristic brackets' type which

Fig. 57.19 Porencephaly (A) T 2 - weighted axial study. (B) T,-weighted
coronal study. Large cavity in left hemisphere.

occasionally permits diagnosis from a simple PA X-ray film
( Fig. 53.34). A large lesion may also produce an area of increased
radiolucency between the brackets. The pericallosal arteries are brain in addition to dermoids, epidermoids and nasal gliomas.

usually incorporated in the tumour and may be fused (azygos or These are discussed in the section on neoplasnms. Hamartoma of

single anterior cerebral artery). the tuber cinereum is a specific condition associated with preco-

Their typical situation together with their fatty density makes the cious puberty. At CT or MRI it appears as a rounded suprasellar
lipomas readily identifiable at CT or MRI. Adjacent calcification is mass of brain density and occupying the interpeduncular cistern.
best seen at CT (Figs 57.17, 57. I8A,B), but this may he minimal or Hamartoma and allied lesions also occur in the temporal lobe

absent, particularly with small lesions. The single anterior cerebral (Fig. 57.18C) where it may present with epilepsy and contain

artery may he visible at MRI on T-weighted images. Sometimes calcification visible at simple X-ray or CT.

streaks of fat may be evident in an otherwise normal-looking corpus
Ventricular coarctation I n this rare condition the frontal horns

callosum.
fail to develop normally and the lateral and medial walls appear

Hamartomas Hamartomas are congenital benign tumours con- adherent or apposed due to ependymal fusion. The rest of the ven-

taining an overgrowth of mature cells and tissues normally found tricular system is normal. Its importance lies in recognising its

i n the affected part. Some pathologists include glial lesions of the congenital nature when seen as a chance finding at imaging, and
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in not mistaking the deformity for the effects of compression by a

local tumour.

Porencephaly Porencephaly has been classified as congenital or

acquired. The congenital form is due to localised agenesis of the
cortical mantle resulting in the formation of a cavity or a lateral slit
through which the lateral ventricle communicates with the convexity

of the brain. The cavity is lined by ependyma and laterally by a thin
pia-ependynial layer which may rupture into the subarachnoid
space. In less severe forms the cavity may be reduced to a lateral slit

lined by ependyma and partially fused.
The acquired type is secondary to any type of cerebral destruc-

tive process, ranging from trauma to infarction. Sometimes called
false porencephaly, such cases are better labelled by their aetiologi-
cal cause if this is known, e.g. post-traumatic or postinfaretion cere-

Fig. 57.21 (A,B) Semilobar holoprosencephaly.

brat cavities.
Porcncephalic cavities or clefts can be identified or suspected by

ultrasound in the neonate or infant. In children or adults they are
demonstrated by CT or MRI (Fig. 57.19).

Schizencephaly This term is used for a form of porencephaly in
which clefts, commonly bilateral, extend from the ventricles to
the convexity in the opcrculoinsular regions. Injury to the germi-
nal matrix in the early stage of gestation may result in a loss of
the full thickness of cerebral substance, with a cleft extending
from the ventricle to convexity subarachnoid space (Fig. 57.20).
The lesion is usually symmetrical and may be associated with a
single ventricle and other malformations, especially heterotopias
with -topic grey matter lining the cleft margins. CT or MRI in
the axial plane will demonstrate the lesions well. Fig. 57.22 (A -C) Hydranencephaly

Holoprosencephaly This comprises a complex craniocerebral
and facial anomaly classified in grades of severity from alobar The diagnosis in the neonate can he suggested by ultrasound, and

through semilobar to lobar, which is the least severe. It results the anatomical feature can be delineated by CT or MRI (Fig. 57.22).

from a failure of normal development of the forebrain (prosen-
cephalon). The severe abhor form is incompatible with survival
beyond infancy. The child has multiple craniofacial anomalies
(cleft lip and palate, hypotelorism, anophthalmia or cyclopia). Cortical neurones are formed in the embryonal germinal matrix
Intracranially the midline structures (falx, corpus callosum, which lies adjacent to the lateral ventricles. They then migrate
septum pellucidum and olfactory bulbs) are absent and the two centrifugally out to the surface of the brain where they form the
hemispheres are replaced by a single large ventricle with a thin cerebral cortex, the deeper layers being constituted first. Inter-
rim of cortical mantle. The thalami are fused, unlike hydranen- ruption of this process, which takes place at the end of the second
cephaly, where they remain normal. month of fetal life, may give rise to various anomalies including

Semilobar holoprosencephaly, the intermediate form, shows less lissencephaly, pachygyria, polymicrogyria and heterotopic grey
severe facial deformity and the brain has a thicker mantle with recog- matter.
nisable occipital horns (Fig. 57.21). In the mildest (lobar) type there
are well-formed lateral ventricles and a recognisable third ventricle, Lissencephaly (agyria) This, the most severe form of migrational

though the septum and Sylvian fissures are usually absent. defect, is characterised by the absence of sulci and convolutions in

The grosser forms may be suspected from the clinical appear- the cortex, and is the normal appearance before the seventh month

ance of the infant, but imaging will be required in all varieties to of fetal life. The Greek word can be translated as `smooth brain'. It

delineate the intracranial anomalies. may be spontaneous or inherited as an autosomal recessive.

Hydranencephaly This condition is generally the result of a
Its persistence to term may be total or involve only part of the

major destructive process, often in the prenatal or perinatal
hemispheres, and some degree of pachygyria may be associated.

period, and results in massive intracerebral cavitation which can
Clinically there is severe mental retardation, fits and decerebrate

resemble gross ventricular dilatation. It tends to affect the anterior
rigidity. There is often a characteristic nodule of calcification in the

parts of the hemisphere, suggesting major involvement of the
septum pellucidum near the foramen of Monro, which can be seen

areas supplied by the internal carotids.
at simple X-ray or CT examination. The latter, like MRI

The falx is present (a distinguishing feature from severe holo-
(Fig. 57.23), will identify the agyria and pachygyria.

prosencephaly), and the posterior fossa and basal ganglia appear Pachygyria In this condition the convolutions and cortex are

normal. The ventricular dilatation resembles gross hydrocephalus, abnormally wide and thick (pachygyria = thick gyri). The con-

but the infant's head is not enlarged. dition results from disturbance of migration at a later stage than
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ital anomalies, but isolated nodular lesions have been mistaken
for neoplastic areas at CT and they occasionally contain calcified
foci. At MRI these lesions may give lower signal than does
normal grey matter (Fig. 57.25).

Phakoma (from the Greek phakos = l entil) was the term used for a
l entil-shaped object such as a spot on the body or in the retina. The
term 'phakomatoses' is used to refer to a group of diseases of dif-
ferent aetiologies but having in common lesions of the skin, retina

and nervous system and the fact that they are developmental. They
are also referred to as `neuroectodermal dysplasias', and include
tuberous sclerosis, neurofibromatosis, Sturge-Weber syndrome and
von Hippel-Lindau disease.

Tuberous sclerosis (synonyms: epiloia, Bourneville's disease) The
lesions of this condition can affect the skin and nervous sys-
tem but many other systems, including the bones (see Ch. 37),
respiratory system (Ch. 4), kidneys (Ch. 32), heart and skeletal
muscle.

In the brain there are multiple areas of heterotopia containing
abnormal and giant glial cells and lying in the subcortical and para-
ventricular regions as well as the white matter and cerebellum.
These often contain calcification which can be recognised on a
simple X-ray film. Typically the calcifications are widely scattered
small rounded discrete lesions, though they can be irregular,
sinuous or densely nodular. Their multiple scattered nature should
suggest the diagnosis (Fig. 53.45). Rarely a paraventricular nodule
near the foramen of Monro becomes large enough to produce
obstructive hydrocephalus by developing into a low-grade giant cell
astrocytoma (Fig. 57.26A).

I maging At CT the characteristic and diagnostic feature is the
presence of small nodular protrusions into the ventricles, usually
with calcified foci. The latter are of course much easier to see at CT
(Fig. 57.26B,C) than at simple X-ray.

MRI shows the areas of dysplasia better than CT but has the dis-
advantage of not imaging the calcification. On T,-weighted images

Fig. 57.23 Cerebral dysplasia with gross pachygyria and poorly formed
sulci.

agyria and can occur together with it and other anomalies such as
heterotopic grey matter (Figs 57.23, 57.24).

Polymicrogyria This condition is the result of a disturbance at
the latest stage of neuronal migration, causing multiple small gyri
to be formed. It may be focal or diffuse and accompanied by
epilepsy, focal neurological deficits and mental retardation.

Heterotopias These may be observed as an isolated phenomenon
due to arrest of migrating neurones in the form of small masses of
grey matter. They may form subependymal nodules protruding
i nto the lateral ventricles similar to those seen in tuberous sclero-
sis, or lie in the centrum ovale or subcortically, near the caudate

nuclei, in the cerebellar white matter and in the brainstem. These
may be nodular or band like. There are usually associated congen-

Fig. 57.24 3D surface rendering MR images in two different patients showing a malformation
of cortical development in fronto-parietal region (A) and also in both parasagittal regions (B).



Fig. 57.25 (A) Multiple anomalies including agenesis of corpus callosum, subependymal heterotopia, subcortical heterotopia and polymicrogyria.
(B) Diffuse subependymal heterotopia. (C) Unilateral nodular and subependymal heterotopia (arrow). (D) Band-like heterotopic grey matter (arrows) in a
patient with epilepsy. Similar but less obvious lesions on right side. Positron density weighted MRI.
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In the CNS NF1 is associated with glial tumours, including optic

nerve gliomas (Fig. 57.28B) and cerebral and brainstem astro-
cytoma, and also with anomalies of migration resulting in various
types of dysplasia and heterotopia in the white matter. Hamartomas
with no mass effect are frequently present, leading to areas of high
signal on T, MR studies. Generalised or focal cerebral atrophy may
also be seen, associated with mental retardation.

Vascular dysplasias involving the terminal internal carotid or
anterior or middle cerebral origins have also been described in NF I,
as has the resulting moyamoya disease.

Neurofibromatosis 2 (NF2 or central neurofibromatosis), is much
l ess commonly seen, affecting only I in 50 000 of the population. It
is also inherited as an autosomal dominant but is due to a defect of
chromosome 22. The CNS lesions are quite different from those of

Fig. 57.27 MRI studies of a patient with tuberous sclerosis shows cortical
tubers as: (A) low signal (T,-weighted); (B) high signal (T i - weighted).
Calcification is not specifically identified but appears as low signal in the
i ntraventricular tubers.

Fig. 57.28 (A) Neurofibromatosis showing absence of sphenoid wing on
the right. Reversal negative at wider window for bone detail. (B) Axial MRI
(T,-weighted) shows right optic nerve glioma as low-signal rounded mass
i n a patient with neurofibromatosis.

tubers appear as irregular areas of increased signal cortically, in the
white matter, or paraventricular, though calcification will appear as
l ow-signal areas (Fig. 57.27). T,-weighted images usually show the

lesions as giving low signal and occasionally they resemble cysts.

Neurofibromatosis This manifests in several different ways, the
commonest being peripheral neurofibromatosis (von Reckling-
hausen's disease) now classified as NFI and affecting 1 in 4000
of the population. It is an autosomal dominant familial disorder
associated with a defect in the long arm of chromosome 17, and
the CNS is affected in some 15% of cases. The skull and spine are Fig. 57.29 (A) Sturge-Weber syndrome. Predominantly occipital cortical
also frequently involved. The skull lesions have been described in calcification with some atrophy. Axial T 2- weighted image (B) i n a patient
Chapter 53; absence of the greater wing of the sphenoid is one of with Sturge-Weber syndrome shows atrophy of the left cerebral hemi-
the causes of the `bare orbit' causing unilateral exophthalmos sphere. Cortical T 2 l ow signal in the left occipital region is consistent with

(Fig. 57.28A). Spinal scoliosis or kyphoscoliosis is present in one- calcification. There is also some thickening of the calvarium in the left
frontal region. On the postcontrast TI axial image (C) there is marked

third of the cases, and dural ectasia and lateral thoracic meningocele superficial enhancement in the occipital and temporal regions due to the
are other spinal manifestations. Paraspinal neurofibromas may also presence of a pial angioma. There is atrophy of the right cerebellar hemi-
occur and can occasionally become malignant (10%). sphere (D)-crossed cerebellar diaschisis.



Fig. 57.30 A vascular mass is shown in the left cerebellar hemisphere in a patient with Von Hippel-Lindau syndrome. The mass shows marked enhance-
ment on the coronal postcontrast image (A) and has a dense vascular blush on the lateral vertebral angiogram (B) with evidence of early venous shunting.
Two small enhancing superficial spinal haemangioblastomas are also present in the cervical and upper thoracic region on the T, postcontrast sagittal image
(C).

NF1 and consist of bilateral acoustic neuromas which may be asso- Von Hippel-Lindau disease (retinocerebellar angiomatosis) This
ciated with schwannomas of other cranial nerves and with menin- rare familial disease is characterised the occurrence of multiple
giomas. In the spine bony abnormalities are absent but large haemangioblastomas in the retina and cerebellum. They may also
bilateral neurofibromas may be seen, sometimes at every level (see be found in the spinal cord and rarely in the cerebrum. There is
Fig. 2.51). Spinal meningiomas also occur as does ependymoma of also an association with visceral tumours and cysts, particularly
the cord or filum. renal and pancreatic tumours. Patients usually present in their late

The intracranial lesions can be characterised by CT or MRI and teens or early twenties.
are discussed below under cerebral tumours.

Other features of neurofibromatosis are described elsewhere and I maging The intracranial lesions can be demonstrated by CT or

include skeletal deformities (Ch. 40) and a rare association with MRI but angiography is more specific (Fig. 57.30). It is important

renal artery stenosis or aneurysm. There is also a very rare associa- to realise that haemangioblastomas occur much more commonly as

tion with phacochromocytoma. isolated lesions, single or multiple in the cerebellum, and without
the retinal lesions of von Hippel-Lindau disease. They can also

Sturge-Weber disease (encephalotrigeminal angiomatosis) This occur as isolated lesions in the spine. Their diagnosis is discussed

condition involves a flat and often extensive unilateral angioma of i n the sections on cerebral tumours and spinal tumours (see also

the `port wine' stain type in the facial and scalp distribution area Fig. 57.27).

of the trigeminal nerve. It is accompanied by a leptomeningeal Ataxia telangieetasia This condition presents in infants, who
angiomatosis in the parieto-occipital area on the same side, which show cerebellar ataxia when starting to walk followed by rapid
is associated with underlying cortical gliosis and calcification. deterioration with choreoathetosis. The mucocutaneous telangi-
Clinically there is epilepsy and a deficit corresponding to the cor- ectasias appear at 3-6 years and there is a high incidence
tical lesion. The cortical calcification gives rise to the characteris- (10-15%) of malignancy (lymphoma, and leukaemia in children
tic tramline calcification seen on simple radiographs (Fig. 3.46). and epithelial in adults). The disease is an autosomal recessive,
This represents the margins of sulci where the calcification is seen with an incidence of 1 in 40 000 live births. Imaging by CT or
end-on. MRI shows isolated gross atrophy of the cerebellum with dilated

The occipital cortical calcification is also well shown by CT, but the sulci and a dilated fourth ventricle. Haemorrhage as a result
classic tramline appearance is obscured at normal window since CT of cerebral telangiectasias has also been described. Such an
shows all the extensive calcification and not just that seen end-on at appearance in a young child should always raise the diagnosis of
the sulcal margins (Fig. 57.29A). The gyriform nature of the calcifica- ataxia-telangiectasia.
tion is more apparent when viewed at wide window. Occasionally CT
will demonstrate bilateral changes, an important finding if hemi- L'hermitte-Duclos disease This is a rare slow-growing cerebellar

spherectomy for intractable epilepsy is being considered. malformation which presents as a mass lesion in young adults

MRI may show the calcification in the cortex but mainly by sus- (20-40 years). It is usually associated with Cowden's syndrome

ceptibility effects, especially on gradient-recalled echo sequences. (benign skin tumours, GI polyps, goitre and breast cancer) but can

It also shows cortical atrophy, and the extent of the angiomatosis occur alone. CT shows a low-density cerebellar area with thick-

may he delineated by intravenous gadolinium (Fig. 57.29B-D). The ened folia and no enhancement after contrast. Calcification may

cortex often seems to enhance as well and the choroid plexus on the be present. MRI shows low signal on T and high signal on T,

side of the lesion is conspicuously larger. weighting, and some enhancement after L~,idolinium.
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This is the largest group of primary brain neoplasms; they vary
greatly in malignancy and can exhibit either a circumscribed or

diffuse growth pattern-50% of these tumours are supratentorial,
35% in the cerebellum and 15% in the brainstem. It is the most
common primary brain tumour of childhood, accounting for
between 30 and 40% of all CNS tumours; diffuse astrocytomas are
more common in adults whereas in children the majority of astrocy-
tomas arc of the pilocytic type, only the cerebral hemispheres and
brainstem being more commonly affected by the diffuse types.
Tumours with a circumscribed growth pattern will initially be
described followed by the more diffuse, infiltrative type.

Modern high-resolution CT will localise and characterise the vast
majority of cerebral astrocytomas, and the same is true of MRI.

Skull radiographs are of limited value showing calcification in only
a small proportion of astrocytomas. General signs of raised
intracranial pressure may be present, as described in Chapter 53, as
may lateral displacement of the calcified pineal.

Pilocytic astrocytomas These low-grade (WHO grade 1) tumours
account for 2-6%0 of all primary intracranial neoplasms and
usually present in childhood between the ages of 5 and 15 years.
They characteristically occur in the cerebellum, hypothalamus or

optic nerves and involvement of the latter is a feature of neuro-
fibromatosis type 1. Most series report an equal s.'x incidence
though some series do report a slight female preponderance.
Cerebellar tumours occur equally within the vermis and cerebellar
hemispheres (Figs 57.31-57.33). The tumours are well circum-
scribed and encapsulated growing mainly by expansion. The cere-
bellar tumours are usually large and can be cystic, solid or both.
On CT 40% of the tumours are solid, 10-20% have calcification

These, the commonest intracranial tumours, vary greatly in malig-
Frequency In the past many neurosurgical series have been nancy. This has led to specific names being used based on the histo-
analysed to show the relative frequency of the different cerebral l ogical appearances, e.g. astrocytoma and oligodendroglioma for
tumours. However, surgical series arc selected, do not reflect the well-differentiated slow-growing tumours, and glioblastoma and
natural incidence and grossly underrate the incidence of metas- spongioblastoma multiforme for highly malignant ones. Most
tases. This is because most patients with cerebral metastases are workers however favour grading by degree of malignancy judged
not operated on by neurosurgeons but are treated by oncologists by the proportion of mitotic figures seen at microscopy. The grades
and radiotherapists. A truer incidence is provided in the patholog- range from I, which is relatively benign, through grade II to grades
ical series of 5199 cases analysed by Zimmerman (1971), which III and IV which are highly malignant (Kernohan). Some 50% of
lists the incidence as in Table 57.1. gliomas arc of grades Ill and IV, and about 25% of grade I.

Age incidence Cerebral tumours are predominantly tumours of Gliomas can occur at any site in both children and adults, but

adult life with a peak incidence of 13 cases per 100 000 popula- gliomas of the optic chiasm and of the brainstem are particularly

tion at age 55-65. They are relatively uncommon in infants and common in children, where they have a peak incidence at 1-6 years

children at 2 cases per 100 000. and 1-4 years respectively.
Cerebellar astrocytoma is also commoner in children, with a

Primary tumours While examples of most primary intracranial peak incidence at 5-10 years.
t umours can occur at any age, it is helpful in differential diagnosis to I n the last decade the World Health Organisation (WHO)
know that certain tumours occur mainly in certain age groups. Thus has introduced a more logical system based on histopathology
the four main tumours of childhood occur in the posterior fossa and (Table 57.3), which is now generally accepted.
are cerebellar glioma, pontine glioma, medulloblastoma and choroid
plexus papilloma. Table 57.2 lists tumours by their usual age group.

Secondary tumours These affect mainly the middle-aged and
elderly, with the exception of secondary neuroblastoma which

Cerebral neoplasms can be classified in several ways. Topo- occurs mainly in children.
graphically they may be supratentorial, posterior fossa or intermedi-
ate (straddling the tentorial notch or foramen magnum). They can Location I n adults, supratentorial tumours outnumber pos-

also be intra-axial or extra-axial. In this section they will be dis- terior fossa tumours by a ratio of 7 to 3, but in children this

cussed mainly on a histopathological basis as listed in Table 57.3. ratio is reversed, and posterior fossa tumours are the most common.
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11. Tumours of the sellar region

11.1 Pituitary adenoma

11.2 Pituitary carcinoma

11.3 Craniopharyngioma

12. Haematopoietic tumours

12.1 Primary malignant lymphoma

13. Germ cell tumours

13.1 Germinoma

13.2 Embryonal carcinoma

13.3 Yolk sac tumour

13.4 Choriocarcinoma

1 3.5 Teratoma

1 3.6 Mixed germ cell tumours

1 4. Tumours of the meninges

1 4.1 Meningioma

1 5. Non-meningothelial tumours of the meninges

1 5.1 Benign mesenchymal

1 5.2 Malignant mesenchymal

1 5.2.1 Chondrosarcoma

1 5.2.2 Haemangiopericytoma

1 5.3 Primary melanocytic lesions

1 5.4 Haematopoietic neoplasms

1 5.5 Tumours of uncertain histogenesis

1 5.5.1 Haemangioblastoma

1 6. Tumours of cranial and spinal nerves

1 6.1 Schwannoma

1 6.2 Neurofibroma

1 6.3 Malignant Schwannoma

1 7. Local extension from regional tumours

1 7.1 Paraganglioma

1 7.2 Chordoma

1 7.3 Chondroma

1 7.4 Chondrosarcoma

1 8. Metastatic tumours

1 9. Unclassified tumours

20. Cysts and tumour-like lesions

20.1 Rathke cleft cyst

20.2 Epidermoid

20.3 Dermoid

20.4 Colloid cyst of the third ventricle

20.5 Enterogenous cyst

20.6 Neuroglial cyst

20.7 Granular cell tumour (choristoma)

20.8 Hypothalamic neuronal hamartoma

1. Astrocytic tumours

1.1 Astrocytoma-WHO grade II

1.2 Anaplastic (malignant) astrocytoma-WHO grade III

1.3 Glioblastoma-WHO grade IV

1.4 Pilocytic astrocytoma-WHO grade I

1.5 Subependymal giant cell astrocytoma-WHO grade I

1.6 Pleomorphic xanthoastrocytoma

2. Oligodendroglial tumours

2.1 Oligodendroglioma-WHO grade II

2.2 Anaplastic oligodendroglioma-WHO grade III

3. Ependymal tumours

3.1 Ependymoma-WHO grade I

3.2 Anaplastic (malignant) ependymoma-WHO grade III

3.3 Myxopapillary ependymoma

3.4 Subependymoma-WHO grade I

4. Mixed gliomas

4.1 Mixed olig-astrocytoma-WHO grade I

4.2 Anaplastic (malignant) oligo-astrocytoma-WHO grade III

4.3 Others (e.g. ependymal astrocytomas)

5. Neuroepithelial tumours of uncertain origin

5.1 Polar spongioblastoma-WHO grade IV

5.2 Astroblastoma-WHO grade IV

5.3 Gliomatosis cerebri-WHO grade IV

6. Choroid plexus tumours

6.1 Choroid plexus papilloma

6.2 Choroid plexus carcinoma

7. Neuronal and mixed neuronal-glial tumours

7.1 Gangliocytoma

7.2 Dysplastic cerebellar gangliocytoma (L'hermitte-Duclos)

7.3 Ganglioglioma

7.4 Anaplastic (malignant) ganglioglioma

7.5 Desmoplastic infantile ganglioglioma

7.6 Central neurocytoma

7.7 Dysembryoplastic neuroepithelial tumour

7.8 Olfactory neuroblastoma (esthesioneuroblastoma)

8. Pineal tumours

8.1 Pineocytoma

8.2 Pinealoblastoma

8.3 Mixed pineocytoma/pinealoblastoma

9. Embryonal tumours

9.1 Medulloepithelioma

9.2 Primitive neuroectodermal tumours

9.2.1 Medulloblastoma

9.3 Neuroblastoma

9.4 Retinoblastoma

9.5 Ependymoblastoma

and up to 70% are cystic. Forty-seven per cent of the cystic slightly hyperdense on CT. Enhancement of the cyst wall indicates
tumours have an associated mural tumour nodule which is iso- or it is tumour lined. On MRI the tumours are hypointense to isoin-
hyperdense and enhances; the cyst wall is composed of surround- tense on T,-weighted images and hyperintense on T,-weighted
ing compressed or gliotic parenchyma and thus may appear images and enhancement patterns are similar to those seen on CT.
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Fig. 57.34 Axial T,-weighted MRI (A) showing enlargement of the cranial portions of both optic nerves and the chiasm in keeping with an optic
glioma. On the postcontrast T,-weighted coronal images (B,C) there is some enhancement of the tumour.

Enhancement of the solid tumours is variable ranging from com- hypothalamus, and 60% of these will be pilocytic astrocytomas
plete to absent enhancement. Optic pathway gliomas can arise histologically. On imaging the optic nerve is typically enlarged and
anywhere along the optic pathway, from orbit to the visual cortex buckled and enhances: although cystic changes may he present
( Figs 57.34-57.36). Between 50 and 85% involve the chiasm or calcification is not a feature in the absence of irradiation, which

Fig. 57.32 Cerebellar astrocytomas. (A)
Large nodular calcification in a right hemi-
sphere tumour. (B) Large cystic tumour with
only fair marginal enhancement. (C) Near
midline tumour with irregular marginal
enhancement.

Fig. 57.33 MRI studies of cystic juvenile astrocytoma. (A) T,-weighted:
Fig. 57.31 Axial T2 -weighted image (A) in a patient with a juvenile pilo- tumour and cyst are of different low signals. (B) T2 -weighted: tumour and
cytic astrocytoma of the right cerebellar hemisphere showing a large cystic cyst given uniform high signal.
component, a little peritumoural vasogenic oedema and hydrocephalus
due to obstruction of the fourth ventricle. The T,-weighted coronal post-
contrast image (B) shows a superior enhancing mural nodule and minor
peripheral enhancement of the cyst wall.
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Fig. 57.35 These sagittal T,-postcontrast images show a large
enhancing sellar/suprasellar chiasmal and hypothalamic mass
(A,B), which extends posteriorly along the optic tract, consistent
with an optic glioma.

Fig. 57.36 (A) Coronal MRI section through suprasellar cistern and sella shows chiasm swollen mainly on left side (arrow). The infundibulum is also seen.
(B) Postgadolinium the tumour enhances, mainly on the left. (C) Left parasagittal section through the swollen chiasm (arrow).

Fig. 57.37 Pontine glioma. (A) Axial T2 i mage through the posterior fossa shows an expanded pons with increased signal, with flattening of the fourth
ventricle and pontine cistern. (B) This case shows similar changes to A, with slight marginal enhancement after contrast medium. (C) Sagittal T, view shows
an expanded pons and medulla compressing the pontine cistern and displacing aqueduct and fourth ventricle backwards.

may be useful in differentiating this lesion from an optic nerve tense on T2-weighted sequences with enhancement of the solid
sheath meningioma. The tumours involving the chiasm or hypo- components (Fig. 57.37).
thalamus are often large, lobulated and well circumscribed at pre-
scaitation and can be partially cystic. Although haemorrhage and Subependymal giant cell astrocytomas These are also WHO
necrosis is uncommon, they can invade local structures and be grade I tumours and in 90% of cases are associated with tuberous
associated with perilesional oedema. On CT they are hypodense sclerosis (TS) (Fig. 57.26); conversely 15% of patients with TS
and on MRI hypointense on T,-weighted sequences and hyperin- will develop this well-demarcated tumour usually in their teens



Fig. 57.38 A large complex mass in the left cerebral hemisphere shown
on this postcontrast CT (A) and coronal T,-weighted MR image (B) was
proven to be a pleomorphic xanthoastrocytoma. It has a large cystic com-
ponent and the peripheral lobulated solid component shows marked Fig. 57.39 Axial MRI study (T,-weighted) shows tumour enhancement
enhancement. Some focal resorption of the overlying skull vault is shown after IV gadolinium, resembling enhanced CT study. Mass effect and hernia-
on the coronal MR image. tion under the falx are well shown. Glioblastoma multiforme.

or early twenties, which is located in the vicinity of the foramen most frequently arises in the cerebral hemispheres though the cere-
of Monro, attached to the caudate head nucleus and protrudes into bellum and brainstem may also be affected. It tends to infiltrate
the ventricle. As this tumour is covered by an intact layer of along white matter tracts, but the blood-brain barrier remains intact.
ependyma, seeding via the CSF is unlikely, but calcification is a Necrosis and haemorrhage are usually absent. On imaging there is
frequent imaging feature. On CT the tumours are hyopodense to asymmetrical enlargement within the affected brain; lesions are
isodense and on MRI they are usually hypointense to isointense poorly demarcated and of low density on CT, but are well circum-
on T,- and hyperintense on T,-weighted images, with strong scribed on MRI and hypointense on T,- and hyperintense on T2-
enhancement. Hydrocephalus is a commonly associated feature. weighted sequences (Fig. 57.37). Contrast enhancement is notably

Pleomorphic xanthoastroeytoma This tumour category is a new
absent in WHO grade II tumours, but they can transform into higher

i nclusion in the WHO 1993 classification with behaviour inter-
grade lesions.

mediate between that of a low grade II circumscribed lesion and a Anaplastie astrocytoma This WHO grade III tumour is less fre-
more infiltrative one (Fig. 57.38); it presents in children and quent than either the aggressive glioblastora multiforme or the
young adults usually with seizures and has a predilection for the l ower grade 11 astrocytoma, and has imaging appearances inter-
temporal lobe, and is rarely seen in the cerebellum or spinal cord; mediate between the two. It occurs in a slightly older population
there is no sex predilection. It arises from subpial astrocytes than the lower grade astrocytomas. The imaging appearances can
which may explain its tendency to arise or involve the surface of be similar to those of WHO grade II tumours, but are often more
the brain. On imaging the typical appearance is one of a super- heterogeneous on T,-weighted images with more frequent
ficial cortical temporal lobe mass which is partially cystic but enhancement. Vasogenic oedema and mass effect may be more
associated with a tumoral mural nodule which is often adherent to pronounced but necrosis or heterogeneous ring enhancement
t he surface of the brain and thus there may be associated reactive should not be a feature of this tumour grade.
meningeal thickening. On CT the solid tumour components are
heterogeneous and can be either hypodense or hyperdense; calci- Glioblastoma multiforme (Figs 57.39-57.42) This WHO grade IV

fication is variable but as the tumour is relatively slow growing tumour is the most aggressive and poorly differentiated tumour

and superficial there may be scalloping of the overlying calvarial accounting for 15-20% of all intacranial twnours. It usually occurs

inner table. On MRI the solid tumour components are hypo- after the age of 40 and is the most common astrocytic tumour after

intense or isointense on T,- and hyperintense on T,-weighted the age of 70. The majority are of astrocytic origin, though occa-

irnages. The tumoral nodule enhances, but enhancement of the sionally poorly differentiated ependymomas or oligodendrogliomas

cyst wall is variable. are described as glioblastomas multiforme (GBM). As these
tumours may arise from pre-existing lower grade lesions, appear-

Diffuse astrocytoma These are poorly marginated and infiltrate ances can be complex and approximately 5% are multicentric and
the surrounding brain; the histological grade varies between WHO 5% will seed via the CSF. On CT and MR these tumours are of
grade 11 and grade IV, the latter being the most aggressive form, the complex density and T, and T, signal respectively with areas of
glioblastoma multiforme (GBM), solid and necrotic tumour, resulting in heterogeneous, solid and ring

The WHO grade II tumour accounts for 10% of all intracranial enhancement. Haemorrhage may also be a feature of these tumours
and one-third of all primary CNS tumours. It is uncommon in the and lesions are associated with a large amount of vasogenic oedema
first decade, but more common in older children and young adults and can extend along the corpus callosum. Unfortunately no
up to the age of 40-45 years, being relatively uncommon after the i maging technique can determine the true extent of the lesion,
age of 65 years. Slightly more males than females are affected and it although will identify the main bulk of tumour.



1744 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 57.40 Axial unenhanced CT (A) showing a large complex bifrontal partially cystic haemorrhagic tumour proven to be a glioblastoma. The T 2 signal
characteristics are complex (B) and the coronal T, unenhanced image (C) shows large T, hyperintense components due to the presence of methaemoglo-
bin. There is no significant vasogenic oedema despite tumour size but there is resultant obstructive hydrocephalus with early transependymal oedema
around the occipital horns.

Fig. 57.41 Axial CTs pre- (A) and post- (B) contrast showing a slightly hyperdense mass precontrast involving the splenium of the corpus callosum and
which shows marked enhancement. On the T 2- weighted axial image (C) the large amount of vasigenic oedema is clearly shown and there is some mass
effect on the posterior aspects of the lateral ventricles. Although this mass was a glioblastoma the radiological differential would include primary central
nervous system lymphoma.

tumours and cyst formation or haemorrhage in 20%, necrosis is
Oligodendroglioma (Fig. 57.43) These glial tumours arise from not commonly seen. On CT the calcification may be central,
oligodendrocytes which make the myelin sheaths for the central peripheral or even gyriform or ribbon-like and the tumour is
portions of the cranial and spinal nerves but often tumours com- hypo- or isodense. Seventeen per cent of tumours scallop and
prise a mixture of oligodendrocytes and astrocytes; for a tumour become adherent to the overlying skull vault due to their super i-
thus to be classified as an oligodendroglioma, most neuropatho- cial location and slow growth. On MRI tumours are usually
logists require a preponderance of neoplastic oligodendrocytes in hypointense on T,- and hyperintense on T 2 -weighted images to
the order of 75-90%. Oligodendrogliomas account for 5-10% of grey matter and nearly 50% show variable enhancement.
all intracranial neoplasms and 18% of all gliomas. These tumours Vasogenic oedema is not a striking feature.
occur slightly more frequently in males, usually between the age
of 35-40 years, and 85% are located in the frontal lobes, often
deep within the white matter but growing towards the surface.
They are slowly growing, unencapsulated and less infiltrative than Ependymoma (Figs 57.44-57.47) These are low-grade tumours
diffuse astrocytomas but may infiltrate the overlying cortex. arising from the ependyma forming the epithelial lining of
Although dystrophic tumoral calcification occurs in 90% of the ventricular system, cerebral hemispheres, brainstem and



Fig. 57.43 Axial T2 (A) and T, postcontrast (B) images showing a large
l eft frontal non-enhancing tumour involving cortex and white matter which
was proven to be an oligodendroglioma. There is only minimal associated
mass effect.

cerebellum, central canal of the spinal cord and tip of the filum
terminale, and they account for 3-5% of all intracranial tumours
and 9% of all glial tumours. Their incidence is higher in the pae- Fig. 57.46 CT demonstrates moder- Fig. 57.47 Strongly enhancing

diatric population (approximately 17%) and they are slightly ate contrast enhancement in tumour tumour extending from lateral

more common in males. Sixty-five per cent occur infratentorially, i nvading and obstructing fourth ven- recess of fourth ventricle into
tricle. cerebellopontine angle. Ependy-

25% supratentorially and 10% in the spinal cord. Overall the most moma.
common location is within the fourth ventricle, arising from the
ependyma lining the floor, and as they are firmly fixed tumour blastomas, which tend to calcify less frequently. The cerebral
resection is often incomplete. On imaging they typically present hemisphere ependymomas tend to arise adjacent to the ventricular
as intraventricular masses which take the shape of the ventricle, system and are more frequently calcified or cystic than infratento-
and those in the fourth ventricle may extend out through the rial tumours. CT shows a mass of slightly higher density than
midline foramen of Magendie or laterally through the foramina of normal brain, which enhances uniformly or patchily. MRI shows
Luschka into the cerebello-pontine angles and thus seed through ependymomas to have similar characteristics to gliomas, but to be
subarachnoid space. There may be associated obstructive hydro- more often associated with small cysts which may be multi-
cephalus and they need to be differentiated from medullo- l ocular. Their characteristic site projecting into and from the

Fig. 57.45 T2 -weighted MRI study of tumour protruding into left lateral
ventricle. The tumour is of mixed but mainly low signal, suggesting multi-
locular cysts. Ependymoma.

Fig. 57.44 A large avidly enhancing ependymoma is shown on the sagit-
tal T, postcontrast image (A) occupying the lower part of the fourth ventri-
cle, compressing the medulla and extending through the foramen of
Magendie into the upper cervical canal. The axial T 2 i mage (B) shows that
the mass is hyperintense and also extends out through the lateral recesses
i nto the cerebellopontine angles, particularly on the right.

Fig. 57.42 A heterogeneous mass proven to be a glioblastoma is shown
i n the left cerebral hemisphere on the T 2 - weighted axial image (A) associ-
ated with mass effect and vasogenic oedema. The axial T, postcontrast
i mage (B) shows marked enhancement of the tumour but also evidence of
subependymal enhancement, thus spread.
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fourth ventricle, or paraventricular and extending into a ventricle, Overall the tumours are lobulatcd and friable and highly vascular
should suggest the diagnosis (Fig. 57.45). and thus may present with an intraventricular haemorrhage.

Subependymoma This variant contains both ependymal and
Approximately 65% of patients present with hydrocephalus which
may be localised to the affected ventricle or more widespread due to

astrocyte cells and occurs mainly in elderly males. It also presents
affects on CSF production and absorption or ventricular obstruction.

as an intraventricular mass in the lateral or fourth ventricle but is
relatively benign and does not disseminate.

On CT the tumours are iso- or hypcrdensc intraventricular masses,
with punctate calcification but avid homogeneous enhancement. If in
the fourth ventricle it will be difficult to differentiate from a mcdul-

Neuroepithelial tumours of uncertain origin l oblastoma or ependymoma (Fig. 57.48). In the lateral ventricle (more
commonly the left) it lies in the region of the atrium, which is dilated.

Gliomatosis cerebri This is relatively uncommon occurring The ventricles may also be generally dilated from overproduction of
mainly in adults in their twenties to forties, and with an equal sex CSF. On MRI the tumours are usually hyo- to isointense on T,-
incidence. Prognosis is poor as the tumour invasion is often exten- weighted sequences with lower signal foci, either due to calcification
sive, multilobar and bihemispheric, but despite its extent patients or vascular signal flow voids. The resultant Tz signal of the lesions is
usually present with few clinical symptoms at the time of diagno- rather heterogeneous but on T,-weighted images oedema is frequently
sis. On CT gliomatosis cerebri is typically hypodense and visible, extending into the brain substance near the site of attachment;
enhancement infrequent, occurring in about 12% of cases. On enhancement is avid. Parenchymal invasion or metastatic nodules
MR1 the affected areas are fairly ill defined and are iso- or within the ventricles suggests choroid plexus carcinoma.
hypointense on T,- and hyperintense on T,-weighted sequences.
Enhancement on MRI is seen in approximately 50% of tumours
and is solitary or multifocal. Although the affected brain appears Neuronal and mixed neuronal-glial tumours
enlarged, surprisingly significant mass effect is uncommon. This is a group of slow-growing benign tumours consisting of a

mixture of differentiated neoplastic glial and neuronal elements or

Tumours of the choroid plexus more rarely just neuronal elements (ganglioneuroma, WHO
grade 1), and tumours occasionally undergo malignant transforma-

Choroid plexus neoplasms arise from the secretory choroid epi- tion. They can occur anywhere in the central nervous system.
thelium of the ventricular system and account for I-2% of all
i ntracranial tumours. They are most frequently seen in childhood, Gangliogliomas These are WHO grade I or grade II tumours,

85% occurring below the age 5 and 40% in the first year of life. which have both neuronal and glial elements; they can occur at any

There are two main types-the well-differentiated choroid plexus site but have a predilection for the temporal lobes. A cystic form

papilloma and the malignant choroid plexus carcinoma. They are with a predilection for the cerebellum has however been described.

i nvariably intraventricular tumours except those that arise in the Only 10% of these tumours behave in an aggressive fashion. They

region of the foramen of Luschka. Choroid plexus papillomas occur are more common in children who often present with a long history

most commonly in the first year of life and are classified as a WHO of seizures. The tumours are well circumscribed, peripheral in loca-

grade I tumour. In children they occur most commonly in the lateral tion but may be cystic and calcification may be prominent. On CT

ventricles centred on the trigone, whereas in adults in the fourth they are usually isodense to hypodense and up to 57% are cystic

ventricle. Approximately 30% of choroid plexus tumours are carci- and 40% calcified. Up to 50% exhibit either homogeneous or

nomas, WHO grade Ill-IV, and they present at a slightly later age heterogeneous enhancement and occasionally the peripheral

(2 years) than the papillomas. tumours result in re-modelling of the overlying skull vault inner
table. On MRI the lesions are either solid or cystic masses which
are usually hypointense to grey matter on T, and hyperintense on
T,. Occasionally the cystic lesions present as a cyst with an enhanc-
ing mural nodule. Vasogenic oedema is usually mild.

Fig. 57.48 Axial T2 - weighted image (A,B) showing a lobulated vascular mass within the third ventricle which shows avid uniform enhancement on the
coronal postcontrast T,-weighted image and is consistent with a choroid plexus papilloma. The lateral ventricles are markedly dilated due to obstructive
hydrocephalus. (C) CT shows a rounded mass of increased attenuation with a low-density centre occupying the fourth ventricle.
(D) After contrast medium, a slightly higher section shows strong uniform enhancement.



Fig. 57.50 Pineal tumours. Axial postcontrast CT (A) showing an enhancing mass centred on the pineal region invaginating into the third ventricle and
resulting in obstructive hydrocephalus with transependymal oedema. This was a proven pineoblastoma. On the axial T 2 - weighted MR i mage
(B) the mass is of slightly heterogeneous T2 signal; enhancement is also slightly heterogeneous on the sagittal T, postcontrast image (C).

L'hermitte-Duclos disease This is a rare slow-growing cerebellar CT shows an isodense mass which enhances strongly after con-
malformation due to the presence of a dysplastic gangliocytoma, trast and which may contain calcification. MRI reveals a heteroge-
which is of WHO grade 1. Pathologically it is thought to represent neous tumour, hypodense on T, weighting and hyperdense on Tz

a hamartoma. A familial occurrence has been reported and associ- weighting, which enhances with gadolinium.
ated developmental abnormalities include megalencephaly,
heterotopia, microgyria, hydromelia and polydactyly. It is also Dysembryoplastic neuroepithelial tumour These mixed WHO

associated with Cowden's syndrome (benign skin tumours, GI grade I glioneuronal tumours most often presents with seizures

polyps, goitre and breast cancer) or neurofibromatosis but can and usually affect children, males more frequently than females,

occur alone. It typically presents as a mass lesion in young adults but are also encountered in the adult population. More than 80%

(20-40 years); CT shows a low-density cerebellar area with thick- of lesions occur in the temporal lobe (Fig. 57.49). Although they

ened folia and no enhancement after contrast. Calcification may are cortically based lesions, only 38% exclusively involve the

be present. MRI shows low signal on T, and high signal on T. cortex and usually there is some involvement of underlying sub-

weighting with a typical striated appearance and some enhance- cortical white matter. As they are slow growing and often superfi-

ment after gadolinium. cial in location, scalloping of the calvarial outer table may be a
feature. On CT they are often of low density; calcification is seen

Central neurocytoma
These are WHO grade II tumours arising in 12.5% of lesions and cystic change is not uncommon. On MRI

from small differentiated neurones typically seen in young adult
they are hypointense on T, and hyperintense on T 2 to grey matter

male patients and less frequently in children or older adults. It
with a variable enhancement pattern seen in approximately one

presents as an intraventricular mass near the foramen of Monro,
third of tumours. There is usually very little associated perile-

centred on the septum pellucidum and sometimes involving the
sional vasogenic oedema or mass effect.

third ventricle. Calcification and cystic change are common. They
are usually well-circumscribed tumours, but are often locally pineal parenchymal tumours ( Figs 57.50,57.51)
recurrent after surgical excision, and may also seed through the
CSF. There is some variation in size of the normal pineal gland. Glands

which are I cm or larger in diameter are usually cystic, and may be

Fig. 57.49 Neuronal and mixed neuronal-glial tumours. A poorly defined hyperintense lesion consistent with a DNT is shown in the right temporal lobe
on this T2 -weighted image (A). It involves cortex and white matter and the coronal T, unenhanced image (B) shows it to have a medial cystic component.
The lateral patchy signal hyperintensity is likely to be calcification. There is no enhancement of this lesion (C).
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Other tumours which occur in this pinial situation and may
sometimes enter into differential diagnosis include germ cell
tumours (Figs 57.52, 57.53), arachnoid cysts in children and pineal
teratoma. These are described elsewhere in the chapter. Finally glial
tumours may also be found at this site (Table 57.4).

Tumours with neuroblastic or glioblastic
elements (embryonal tumours)

Primitive neuroectodermal tumours (PNETs)/medu11oblas-

tomas They are predominantly tumours of childhood and com-
prise about 3% of large pathological series of brain tumours, but
comprise 15-20c/ of the malignant brain tumours of childhood,
and 30-40% of childhood posterior fossa tumours. The cell of
origin is the external granular cell, an embryological precursor of
the internal granular cell layer of the cerebellar folia. They typi-
cally occur in the posterior fossa (85%) and may present as a con-
genital lesion but in the majority of cases present between the
ages of 5 and 15 years. Although grossly they appear quite well

Fig. 57.52 (A,B) Pineal tumour. Large enhancing and partly calcified
mass. Heavy calcification is commonest in germ cell tumours.
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1. Pineal-cell tumours

a. Pineoblastoma

b. Pineocytoma

2. Glial tumour

a. Astrocytoma

b. Glioblastoma

3. Germ cell tumours

a. Germinoma

b. Teratoma

c. Embryonal cell carcinoma

d. Choriocarcinoma

Fig. 57.51 Pineal tumour. (A) Isodense mass with calcification indenting
back of third ventricle. (B) Enhancement after contrast medium (L30, W80).

a conspicuous incidental finding on T,-weighted images as rounded
l esions of high signal. However, unlike neoplasms, they do not Fig. 57.53 Germ cell tumours. A large heterogeneous T 2 signal mass is
i ndent the back of the third ventricle or obstruct the mouth of the shown in the pineal region on the T2 -weighted axial image (A) proven to be

aqueduct and produce hydrocephalus. a pineal region teratoma. The mass comprises both solid and cystic com-
ponents and there is heterogeneous enhancement after contrast on

Pineal region tumours constitute approximately 1 % of adult and the sagittal T,-weighted image (B) and the mass results in obstructive
1 0% of all paediatric brain tumours. The pineal parenchymal hydrocephalus.
tumours account for up to 30% of pineal region tumours and range
from the moderately differentiated pineocytoma to the primitive Table 57.4 Pineal tumours: different types found in 54 cases
pineoblastoma; in fact pineal germ cell tumours are much more
common in this region, accounting for 50-70% of tumours.

Pincoblastomas occur in the paediatric population, with a peak
i ncidence in the first decade and rarely over the age of 30, whereas
pincocytomas in the fourth decade, but in both cases there is no sex
predilection. On CT these tumours are either hypodense or isodense
and 50% are calcified. On MRI they are either hypointense or iso-
i ntense on T,; pineoblastomas tend to be more isointense on T, and
pineocytomas more hyperintense. Enhancement is prominent and
hydrocephalus may be seen in up to 90% of cases due to indenta-
tion of the tectal plate and obstruction of the cerebral aqueduct.
Pincocytomas are better defined than pincoblastomas; the latter
tend to be rather heterogeneous in appearance, with areas of cystic
change, haemorrhage and necrosis, and CSF seeding occurs in

1 0%. There is a rare association between bilateral retinoblastomas
and pineoblastomas (trilateral retinoblastoma) which in most cases
presents before the age of 2 and is hereditary.



Prolactinomas

Somatotrophic (acromegaly and gigantism)

Corticotrophic (Cushing and Nelson syndromes)

Miscellaneous and mixed (STH-PRL, ACTH-PRL, PRL-STH,

thyrotrophic, gonadotrophic)

Non-secretory
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Fig. 57.55 (A) Rounded mass of slightly increased density in the suprasel-
l ar cistern. It enhances homogeneously with contrast medium. The sella
was enlarged. Pituitary adenoma. (B) Irregular mass in suprasellar cistern
which enhances strongly with contrast medium. As the sella was relatively
normal it was thought more likely to be a craniopharyngioma than a pitu-
itary adenoma despite absence of calcification. Histology-germinoma.

Pituitary adenomas Pituitary adenomas can be classified as Fig. 57.54 Pituitary tumour. Contrast-enhanced CT. Direct coronal
section demonstrates suprasellar extension and relationship to internalendocrine active or endocrine ittacilve. The former can manifest
carotids and anterior cerebral arteries. The cavernous sinuses on either side

clinically when still quite small but the latter are not diagnosed are slightly denser than the tumour.
until large enough to produce chiasmal pressure and visual
i mpairment or, less commonly, disturbances of eye movement.
So-called microadenomas are less than 10 mm in diameter and lie
within the pituitary gland. Endocrine-active tumours now form
about 80% of those encountered, and non-secreting tumours about
20% (Table 57.5).

circumscribed they are often invasive at their margins; 80% of Prolactinomas manifest with gonadal dysfunction in both sexes
midline tumours, arise in the roof of the fourth ventricle in the and with galactorrhoea in a proportion. Symptoms can be associ-
region of the inferior cerebellar vermis and inferior medullary ated with large tumours, but many are microadenomas when they
velum. They usually grow to fill much of the fourth ventricle, and first present. Since hyperprolactinaemia can also be produced by a
may extend out through the midline foramen of Magendie, but variety of different drugs. it i s important to exclude this cause
l ateral extension through the foramina of Luschka is uncommon, before imaging investigation is begun.
compared with ependymomas; 90% are associated with obstruc- Although MRI is the preferred imaging modality for assessing
tive hydrocephalus at presentation. Forty per cent of patients have pituitary adenomas as it avoids beam hardening artefacts and can
metastases at presentation, either as a result of seeding via the evaluate local tumour invasion and compression of critical struc-
CSF or direct CNS metastases or both. This is one of the few tures such as the chiasm more accurately, CT will better demon-
malignant brain tumours known to metastasise systemically, and strate destruction of the sellar floor. For large adenomas producing
this is usually to bone, occurring in about 5% of cases. chiasmal compression CT will show the extent and relationships of
Occasionally the tumour may primarily involve the cerebellar the suprasellar component as well as the enlarged sella, but sagittal
hemisphere, and this pattern is more frequent in adult patients. and coronal reformats after intravenous contrast medium may he
This tumour may occasionally arise within the brainstem, espe- necessary to assess the full extent of a large adenoma. Macro-
cially the pons, and these tumours are associated with a worse adenomas first extend into the normal suprasellar cistern and then
prognosis than those originating in the cerebellum. On CT the into the anterior end of the third ventricle. Eventually they can
posterior fossa tumours are isodense or hypodense, with clump- extend as high as the foramen of Monro, and are often quite asym-
like calcification present in 20%. On MRI they are isointense or metrical. The tumour can also extend laterally into the cavernous
hypointense on T,- and isointense or hyperintense on T,-weighted sinuses and temporal lobe or downward into the sphenoid sinus.
i mages. T, signal intensity may be heterogeneous due to calcifica- Large tumours may also extend subfrontally or above and behind
tion, cystic change, haemorrhage or necrosis. Tumour enhance- the sella (Figs 57.54-57.63).
ment is seen in 90% of cases. On MRI the normal pituitary yields a homogeneous brain-like

Supratentorial PNETs represent <1% of all paediatric tumours signal on most pulse sequences and is best shown in sagittal and
and the majority occur before the age of 10 years, with equal fre- coronal images. It usually envelops posteriorly a well-demarcated
quency in males and females. The most common location is the zone of higher signal on both T,- and T,-weighted images. This is
frontal lobes, the least common is the occipital lobes and occasion-
ally the tumours can be intraventricular. Supratentorial PNETs are
more frequently calcified (50-70%) than the infratentoral tumours
and 40% seed via the CSR On CT the tumours are well-
circumscribed large masses with relatively little vasogenic oedema
compared to actual size but are often of heterogeneous density due
to the presence of calcification, cystic and necrotic change or calci-
fication. The solid components enhance. MR [ signal characteristics
are also heterogeneous.
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Fig. 57.58 Reformat of pituitary
adenoma. Note cystic area.

Fig. 57.56 Sagittal (A) and coronal (B) reformats of pituitary adenoma
after enhancement showing asymmetrical suprasellar extension. The sella is
enlarged and the cavernous sinuses bulged laterally.

now thought to represent the neurohypophysis itself, and the high
signal to he related to secretory activity and possibly produced by
phospholipid vehicles or neurophysin, the carrier protein for pitu-
itary hormones.

Pituitary adenomas normally show homogeneous density similar
to or slightly greater than that of normal brain tissue, and enhance
uniformly after contrast medium. Five per cent however contain
cystic or necrotic areas which stand out more clearly after contrast
medium (Fig. 57.60).

The CT diagnosis of microadenomas requires high-resolution
CT, and direct coronal sections are preferable to reformats.
Contiguous 1.5 mm sections should be obtained after enhancement. Fig. 57.57 (A,B) Large pituitary adenoma showing enlargement and

The typical microadenoma can be recognised as a small low- erosion of sella with left lateral and retrosellar as well as suprasellar extension.

density area within the enhancing gland (Fig. 57.61), but can he (C,D) Coronal and sagittal reformat defining asymmetrical suprasellar extent.

confused with artefacts or normal cysts of the pars intermedia.
Other features which may be seen are deviation of the infundibulum
and upward bulging of the upper surface of the gland, but these also
are not diagnostic and can have other causes, as can local bulging of
the sellar floor. Thus bulging of the upper gland surface occurs in
menstruating, postmenopausal or oophorectomised women, and in
hypothyroidism. The diagnosis of microadenoma should therefore
be made with caution, especially if it is likely to affect manage-
ment. Microadenomas can he imaged with up-to-date techniques
and machines (Fig. 57.63). The choice of pulse sequence and mode
of data collection to produce maximum differentiation between
normal gland and microadenoma remains difficult but should
include one heavily T,-weighted sequence. Intravenous gadolinium-
DTPA may help by showing delayed enhancement of the adenoma
compared to the normal gland. Dynamic contrast-enhanced MRI
using rapid field echo acquisitions may also improve sensitivity.
Large adenomas and their relationships to the adjacent brain are
well shown by MRI, which compares favourably with CT in this
respect because of the ease with which direct sagittal and coronal
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Fig. 57.59 Direct coronal scan shows a microadenoma as a hypodense
l esion bulging the sellar floor (arrow). There is also upward bulging of the
gland and deviation of the infundibulum.

sections can be obtained. The normal optic chiasm, carotid vessels

and sphenoid sinus are also highly conspicuous at MRI (Fig.

57.62), and their relationships to the tumour well shown. The

clivus, because of its fatty marrow, gives a high signal, while the

sphenoid air sinus gives a low signal, anteroinferior to the sella.

Macroadenomas are usually of relatively lower signal than normal

brain on T,- and of higher signal on T -weighted images. Regions Fig. 57.62 A large isointense pituitary macroadenoma is shown on the
of even lower signal on T i and higher signal on T, usually represent coronal T1 - weighted image (A) expanding the sella with suprasellar exten-

cysts when rounded and circumscribed and necrosis when more sion and compression of the optic chiasm. The left cavernous sinus is clearly

i rregular. Areas of recent haemorrhage are found relatively fre- i nvolved with inferior displacement of the intracavernous internal carotid
hyperin-

quently in approximately 2(> 30%: of adenomas and are indicated
artery. On the axial T7 -weighted image (B) the macroadenoma is hyperin-
tense to brain and not only displaces the terminal internal carotid artery

by high signal on T i -weighted images. Tumours isointense with anteriorly, but posteriorly also displaces the basilar artery and indents the
brain on a variety of sequences are more likely to be hard whereas ventral pons.

Fig. 57.60 Pituitary adenomas. (A,B) Two different cases shown by MRI. (A) Sagittal section (T,-
weighted). Suprasellar extension as well as downward extension through the sphenoid sinus and back-
ward extension through the dorsum and clivus. (B) Coronal section (T,-weighted). The tumour is
displacing the cavernous sinuses laterally. The internal carotids appear black because of flow defects.
(C,D) Sagittal sections of large adenoma before and after gadolinium enhancement. The anterior third
ventricle is indented and the chiasm is stretched over the tumour.

Fig. 57.61 Pituitary microadenoma shown by MRI (proton density).
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Fig. 57.64 Axial CT (A) and
T2-weighted MRI (B) showing a
l argely cystic lobulated suprasellar
mass. There is a small focus of cal-
cification posteriorly within the
l esion and appearances are those of
a craniopharyngioma. The coronal
T1 postcontrast image (C) is of
another patient with a cranio-
pharyngioma which has both cystic
and solid enhancing components.

Fig. 57.67 Craniopharyngioma. Sagittal midline MRI (T,-weighted)

t umours which differ from normal brain arc generally softer and
shows high-signal suprasellar mass due to cystic tumour. (Courtesy of
Dr Gordon Thomson and Bristol MRI Centre.)

easier to remove.

Craniopharyngioma These tumours of epithelial origin account is present in over 80% of the childhood cases, but is often absent

for up to 3% of primary intracranial tumours. They have a bimodal in the less common adult cases. They usually grow above the sella

age distribution, with most occurring in children and adolescents and adhere tightly to the floor of the third ventricle and infundibu-

usually between the ages of 6 and 10, but a second smaller peak lum, making surgical extirpation difficult or impossible. A small

occurs in patients in their fifties. In fact half of childhood supra- proportion (15%) grow into the pituitary fossa and can produce

sellar tumours are craniopharyngiomas (Fig. 57.64). Calcification enlargement and deformity of the sella. Some of these tumours

Fig. 57.66 Cystic suprasellar mass with enhancing capsule. Cranio-
pharyngioma. Some Rathke's cleft cysts can produce a similar appearance.
Before (A) and after (B) enhancement.

Fig. 57.63 Mixed T 2 l ow signal is shown in the sellar region on the
Fig. 57.65 Craniopharyngioma. Cystic tumour with solid enhancingT 2 - weighted axial image (A) in a patient with a known pituitary macro-

adenoma and who presented acutely with symptoms and signs of pituitary component. Before (A) and after (B) enhancement.

apoplexy. On the coronal T -weighted unenhanced image (B) the sell

and suprasellar mass is largely isointense but with strands of hyperintensity.
The T

2
and T, signal characteristics suggest the presence of deoxyhaemo-

globin and methaemoglobin in a subacute haemorrhage within a pituitary
macroadenoma.
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B. Rare
Optic chiasm glioma
Hypothalamic glioma
Germinoma
Ganglioglioma
Metastasis
Arachnoid cyst
Epidermoid
Rathke's cleft cyst
Inflammatory masses
Histiocytosis X

A. Common
Pituitary adenoma
Craniopharyngioma
Aneurysm
Suprasellar meningioma

Fig. 57.68 Bilateral complex intrinsic masses are shown in the cerebral hemispheres in a patient with known AIDS. On biopsy these were proven to be
primary central nervous system lymphoma. There is a large amount of vasogenic oedema on the T 2 - weighted image (A) associated with the right frontal
mass and there is extension across the corpus callosum. The coronal T, unenhanced image (B) shows faint T, high signal in the right frontal mass consis-
tent with methaemoglobin. Postcontrast (C) the right frontal lesion shows thick irregular ring enhancement. Subependymal enhancement around the ante-
rior aspects of the frontal horns is also evident, a characteristic feature of cerebral lymphoma.

may appear slightly ectopic and to lie in the third ventricle or
behind the sella.

Histologically they are of two main types-adamantinomatous
and squamous-papillary; the former are the more common variety
and are often lobulated masses with cystic components which can
be hyperintense on T,- and T,-weighted sequences if the cyst con-
tents are proteinaceous. The solid components enhance and calcifi-
cation is a feature, but this is better demonstrated with CT. The
squamous-papillary type are less often calcified or cystic and tend
to have a more uniform rounded configuration. The solid com-
ponents of the tumour are isointense on T, and hyperintense on T,
to grey matter, and the solid components enhance. This variety of
craniopharyngioma is more common in the adult population
(Figs 57.65-57.67).

Fig. 57.69 Lymphoma of brain. (A) CT before contrast. (B) After con-
Differential diagnosis A wide variety of mass lesions can occur trast. Isodense tumour with little mass effect enhances strongly with con-

i n the trast. (C) MRI, T,-weighted, in another patient. Low-density paraventricular
suprasellar region. Many of these can be indistinguishable mass involves thalamus and extends into third and left lateral ventricles.

clinically from pituitary adenomas, and some can resemble them
at imaging (Box 57.3).

Many of the lesions listed have features that readily differentiate
t hem from pituitary adenomas, and these are described under the
i ndividual lesions. Calcification, if present, suggests a craniopharyn-
*ioma; if the shape is an arc or a ring, aneurysm or craniopharyn Secondary lymphoma of the brain is exceedingly rare, though it can

gioma is possible. Suprasellar meningiomas can also calcify but occur. More usually, however, lymphoma of the brain is found

present in an older age group, and calcification, if present, is homo- without any systemic involvement. This was previously an uncom-

geneous or nodular and never in an arc. Arachnoid cysts arc easily mon tumour accounting for I I/ of primary brain neoplasms. but

i dentified by their CSF density and thin capsule at CT or MRI. with the recent AIDS epidemic this tumour has been encountered
with increasing frequency particularly in younger adults, where

there is a relationship with Epstein-Barr virus exposure (Fig. 57.68);



Germ cell tumours account for <I% of primary brain tumours and
occur mainly in the paediatric age group. They are most commonly
found in the suprascllar or pineal region, in a midline location, and
between 10 and 50% are multifocal occurring at two sites-either
pineal and suprasellar or pineal and third ventricle (Fig. 57.52).

Germinoma These are the most common type of intracranial
germ cell tumour and 80% of these occur in the pineal region.
They are usually well-circumscribed solid masses, with occa-
sional cystic and haemorrhagic components and are slightly
hypointense to grey matter on T,- and hyperintense on T 2

-weighted images. Contrast enhancement is avid both on CT and
MRI.

Teratoma Pineal teratomas occur almost exclusively in males
with a peak incidence around puberty, but can be seen in infants
l ess than I year old. They contain all three germ layers and the

mature benign teratomas contain fully differentiated tissue
whereas the malignant ones contain some primitive tissue and the
l atter are the more common type. Calcification is present in about
50% of mature teratoras and may suggest the diagnosis, though
the very rare presence of recognisable dental elements is the only
true diagnostic feature. They are more heterogeneous than germi-

nomas in appearance due to the presence of haemorrhage, cystic
change, fat or calcification, thus signal characteristics on MRI are
variable as is enhancement (Fig. _57.53).

The more malignant germ cell tumours such as embryonal carci-
noma, endodermal sinus, tumour and choriocarcinoma have a poor
prognosis, are more commonly seen in males between the ages of

1 0 and 20 and have a greater propensity to necrosis, haemorrhage,
l ocal invasion and CSF spread, but arc otherwise radiologically
i ndistinguishable from other pineal germ cell tumours.

Fig. 57.71 (A,B) Cavernous sinus petrous apex meningioma. CT after IV
contrast medium. The left cavernous sinus is expanded (open arrow) in
continuity with a mass at the petrous apex, which extends along the tento-
rium (arrow) and into the posterior fossa (arrowhead).

symptoms due to mass effect on underlying structures and are
thus often completely resectable unless they involve the skull base
or cavernous sinuses. Although they do not tend to invade brain
they can infiltrate the skull and parasagittal tumours can invade
the sagittal sinus, and tumours adjacent to the lateral, sigmoid and
cavernous sinuses can also invade these venous sinuses. The
majority of meningiomas are benign, WHO grade I tumours but
there is a histological spectrum with some sarcomatous WHO
grade IV meningiomas. There is an association between menin-
giomas and neurofibromatosis type II and the most common asso-
ciated genetic abnormality is deletion of chromosome 22 and an
associated tumour supressor gene specific to meningioma forma-
tion. Meningiomas can occur at any location where there are
meningothelial cells but typical sites are the parasagittal dura,
cerebral convexities, sphenoid wing and cerebello-pontine angle
and up to 25% occur in the parasellar region. They typically occur
i n middle-aged females and up to 5% of tumours are multiple,
and these tend to be parasagittal. Meningiomas can arise any-
where over or under the brain from arachnoid cell rests, but have
several sites of predilection, as shown by Table 57.6.

Although skull radiographs are no longer routinely performed as
Meningioma ( Figs 57.70-57.79) These tumours of the arachnoid part of the imaging work-up of intracranial tumours, radiographs
cells of the meninges arc the most common intracranial neoplasm. may show the presence of a meningioma (either from bone changes
They are usually well-circumscribed extra-axial lesions that cause or from calcification) in about one-third. The specific bone changes
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i nterestingly there has also been an increase in non-HIV-related spo-
radic primary CNS lymphoma (PCNSL), where the peak incidence
occurs in patients in their fifties (Fig. 57.69). Most of the tumours
tend to be high-grade B-cell tumours and the AIDS-related tumours
tend to have a poor prognosis, but that of the sporadic tumours has
i mproved with a median survival of 5 years. In the HIV-infected
population the tumour tends to be multifocal with periventricular
spread, and necrosis and haemorrhage are common, whereas the
sporadic form may be limited to one or two sites within the brain.
Lesions are often located deep within the cerebral hemispheres, but
can occur in the posterior fossa. On CT they are often hyperdense
pre-contrast and show either solid or ring enhancement, On MRI
signal intensity of the masses is variable and can be isointense to
grey matter on T, or isointense or hyperintense on T, and signal
abnormality and enhancement often extends along an ependymal Fig. 57.70 (A) There i s a high-density parasagittal mass with irregular

calcification. (B) The tumour enhances strongly with contrast agent.
surface. Vasogenic oedema and mass effect are variable and, like Parasagittal meningioma.
gliomas, PCNSL can extend along the corpus callosum. In the HIV-
i nfected population the main radiological differential of PCNSL is
toxoplasma abscesses.
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Fig. 57.72 (A) Frontal meningioma.
High-density lesion with some cal-
cification. Unusual degree of oedema.
(B) Strong enhancement with contrast
medium. (C) Reversal print at wide
window to show bone involvement
([80 W400) (D) Parietal meningioma.
Superficial isodense mass effacing sulci.
(E) Strong enhancement after contrast
medium outlines the tumour.

Fig. 57.74 Olfactory groove meningioma. Midline sagittal (A) and
coronal (B) reformats after contrast medium showing extent of tumour and
bony hyperostosis.

Fig. 57.73 (A) Strongly enhancing parasagittal falx meningioma. No
adjacent oedema but brain compressed and sulci effaced. Coronal (B) and Fig. 57.75 Meningioma of territorial apex before (A) and after

midline (C) sagittal reformats show attachment to falx but no growth (B) enhancement.

across the midline.

and there may be hyperostosis of the adjacent calvarium or skull
have been described above (see Ch. 53). Calcification in these base, either a reactive process or a consequence of direct tumour
tumours is sufficient to make them radiopaque in around 1 5% and i nfiltration. The `en plaque' type of tumour may be more difficult to

is often specific. Thus homogeneous ball-like calcification at a i dentify, particularly adjacent to the cavernous sinus (Fig. 57.71) or
typical site is virtually diagnostic, as is less regular or dense calcifi- sphenoid ridge. However the bony involvement often seen in these
cation adjacent to typical bony changes (Figs 53.70 and 53.71). tumours may be more obvious on bone windows. Oedema sur-

On CT 60% are usually homogeneous well-defined hyperdense rounding the tumour tends to be absent or minimal and circum-
solid masses pre-contrast and calcification of a variable pattern is scribed; only occasionally is it extensive and with the characteristic
seen in up to 20% of them; there is usually intense enhancement digital elongation of more malinant tumours (Fig. 57.72). Low-L7
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Fig. 57.76 Meningioma of the planum sphenoidale. Sagittal (A) and
coronal (B) reformats of contrast-enhanced CT. The tumour is contiguous
with the enhancing pituitary gland and extends forward along the planum
(black arrow). There is blistering of the sphenoidal sinus.

density or cystic components to meningiomas are very uncommon,
but in a few cases they can be a major feature. Mass effect is mod-
crate in most cases, though it can be marked in around I0%h. The
appearances just described, together with the characteristic sites,
are sufficient to permit a specific diagnosis in over 95% of cases.
The occasional false-negative diagnoses reported in past series
should not occur with modern high-resolution apparatus, provided
the appropriate area is adequately covered. An occasional false-
positive diagnosis may still occur in the differential diagnosis from
a superficial intracerebral tumour, which is usually a metastasis.
The rare intraventricular meningioma has to be differentiated from
an intraventricular papilloma or ependymoma.

MRI can better demonstrate dural sinus invasion or patency than
CT. On MR1 the tumours are isointense to hypointense on T,- and
hypo- to hyperintense on T,-weighted sequences with avid enhance-
ment but associated variable vasogenic oedema. The sign of an
enhancing dural tail, which can be either a reactive phenomenon or

Fig. 57.77 (A) Coronal MRI section (T 1 - weighted) shows uniformly low
signal of a large parasagittal meningioma. (Courtesy of Dr Gordon
Thomson and Bristol MRI Centre.) (B) Sagittal MRI study (T,-weighted). A
small parasagittal meningioma shows strong uniform enhancement with
gadolinium. (C) Coronal MRI, T,-weighted, shows low signal from large
meningioma, broadly based on dura and with lower signal rim
at brain-meningioma interface. (D) Axial view of same large tumour,
T 2 - weighted, shows inhomogeneous high signal.

represent direct tumour extension, is seen in approximately 70°% of
cases, but is not specilic for meningiomas.

Although angiography is now little used in tumour diagnosis, it
still has a place in the assessment of some meningionlas. This is
particularly so where the tumour is adjacent to the sagittal or other
major sinus and may be involving or occluding the sinus and there
remains some uncertainty on MRI and MRV sequences. The major
sinuses are well shown by intravenous digital subtraction angio-
graphy, which can he performed on an outpatient basis without the
risks of arterial puncture. Some neurosurgeons still require arterial
studies of the blood supply and vascular relationships before
surgery in highly vascular or potentially more malignant menin-

Fig. 57.78 Selective external carotid angiogram showing meningeal
vessels supplying a frontal meningioma (arterial DSA study).



I NTRACRANIAL LESIONS (1) 1757

Haemangioblastoma, is a benign WHO grade I tumour and
accounts for I `/c of all intracranial tumours. It occurs in isolation in
80% of cases but is linked with Von Hippel-Lindau (VHF.) syn-
drome. Although it is the most common primary intra-axial tumour
of the posterior fossa predominantly in the cerebellum, even so it
only accounts for 10% of posterior fossa tumours; it can also occur
in the brainstem and spinal cord. Supratcntorial tumours arc very
rare and appear to occur only with VHL. It occurs in adults between
the ages of 30 and 65. but is seen in younger patients in association
with VHL where lesions tend to be multiple. The classical imaging
appearances are seen in 6070 of cases and on CT this comprises a
smooth walled-cystic mass with an enhancing mural nodule that
abuts the pial surface of the brain. As they are vascular tumoms the
l arge cysts can mask the underlying vascular nodule. The cyst wall

Fig. 57.79 A large mixed cystic and slid extra-axial mass is shown in the
right parietal region on the T 2- weighted axial image (A) with marked mass
effect on the ipsilateral lateral ventricle. The postcontrast T, coronal
(B) i mage shows the lesion is durally based and shows some heterogeneous
enhancement; this was proven to be a haemangiopericytoma.
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giomas. Prior to surgery sonic tumours of this type have been
treated by embolisation front the external carotid artery of
meningcal feeding vessels not supplying cerebral tissue.

The blood supply of most meningiomas is mainly from the
meningeal branches of the external carotid (Fig. 57.78) but there is
often a major supply from the internal carotid.

Malignant mesenchymal-haemangiopericytoma Hacmangio-
pericytoma, a tumour arising from pen vascular pericytes of Zahn,
was a new twnour category incorporated into the WHO 1993 clas-
sification. It is usually fairly well differentiated and generally of
l ow WHO grade II, hut anaplastic forms occur with a high prolif-
erativc rate and a tendency to invade brain. Overall it tends to be
more aggressive than the ordinary meningiomas, may invade
brain and local recurrence after surgical excision is common. On
i maging it is a well-defined durally based mass but often more
l obulated and heterogeneous than meningiomas and tends to be

highly vascular. On CT like meningiomas it is hyperdense to
brain precontrast, but calcification and hypcrostosis of the ad.la-
cent calvarium are not frequent features. On MRI the tumours
tend to be isointense, enhance signal flow void structures indica- Fig. 57.80 (A) Haemangioblastoma cyst with enhancing mural nodule
live of its hyperVascularity arc frequently detectable (Fig. 57.79). (arrow) in left cerebellar hemisphere. (B) Vertebral angiogram also shows

the nodule (thick arrow) and a vessel stretched around the cyst.



Fig. 57.81 Coronal MRI (T,-weighted). A large haemangioblastoma cyst Fig. 57.84 (A) A small acoustic tumour in the left cerebellopontine angle
is well shown. (Courtesy of Dr Gordon Thomson and Bristol MRI Centre.) i s demonstrated after contrast enhancement. The dark bands across the
Fig. 57.82 Vertebral angiography demonstrates two large vascular pons are artefacts from the dense petrous bones. (B) Imaging at bone
haemangioblastomas and several smaller nodules (arrows). window shows bony erosion around the IAM.

Fig. 57.83 Axial T 2 -weighted high-resolution image (A) showing a
rounded right acoustic neuroma isointense with brain straddling the porous
acousticus. The internal auditory canal is consequently slightly enlarged.
The axial T 1 -weighted postcontrast image in another patient (B) shows an
enhancing left acoustic neuroma with mild mass effect on the pons and
extending into and filling the left internal auditory canal.

firm encapsulated tumours, which vary greatly in size at presenta-
tion. The larger tumours may become irregular and lobulated and
can become cystic and 10% of vestibular schwannomas are asso-
ciated with arachnoid cysts presumably due to the formation of
adhesions. As a rule they are single solitary tumours, but in
central neurofibromatosis (NF2) bilateral acoustic tumours may
be seen. They can either be confined to the internal auditory canal
or CPA cistern, but more commonly straddle both. Although the
major radiological differential of a vestibular schwannoma is a
meningioma, the former are more often centred on the porous
acousticus of the internal auditory canal resulting in some widen-
i ng of the canal and form a relatively acute angle with the petrous
ridge. Meningiornas tend to be more eccentric to the internal audi-
tory canal, extending into it less frequently and form an obtuse
angle with the petrous ridge. On CT large and medium acoustic
tumours are generally isodense and difficult to visualise on the
un-enhanced scan. Rotational deformity of the fourth ventricle

Schwannoma These tumours of the Schwann cells which form however may suggest their presence, as may symmetrical hydro-
the nerve sheath can arise from any of the cranial nerves in the cephalus. On giving contrast medium, most of these tumours will
posterior fossa, although the most commonly affected nerves are enhance strongly (Figs 57.83, 57.84). The rare cystic tumours are
the superior and inferior vestibular divisions of the eighth cranial of low density and may simulate an arachnoid cyst or epidermoid
nerve, the facial and trigeminal nerves. Vestibular schwannomas in the cerebellopontine angle. Only the solid part of the tumour
in fact account for 80-90% of cerebello-pontine angle (CPA) will enhance. Small acoustic tumours (less than 10 mm in diame-
masses and occur mainly in the middle-aged and elderly. They are ter), or tumours lying in or just protruding from the internal audi-

tory meatus, are more difficult or impossible to demonstrate on
conventional CT. They can however be readily shown by the
special techniques of CT with air meatography or CT cisterno-
graphy with water-soluble contrast medium. These are no longer
justified if MR1 is available.

is non-enhancing, and although oedema is typically relatively mild,
mass effect will depend on overall cyst size. A solitary nodule with
a large cyst can easily be mistaken for a low-density glioma or
gliomatous cyst, unless the mural nodule is identified in the post-
enhancement scan. The tumour nodule is isodense or slightly
hyperdense, and enchances strongly after contrast medium
(Fig. 57.80A). Multiple tumours arc often small and may measure a
few millimetres only in diameter. Thus they are easily missed, even
on high-quality scans, if not included in the section. On MRI the
signal return from the cyst is that of CSF and the mural nodule is
normally isointense on T, and hyperintense on T2 with intense

enhancement. In the 40% of solid tumours, on imaging they are of
l ess homogeneous signal, particularly on T,-weighted images
though largely isointense on T, and hyperintense on T 2

.

Radiologically the differential diagnosis of a typical cystic cerebel-
lar haemangioblastoma would include a pilocytic astrocytoma in a
younger patient or cystic metastases, although in the latter the cyst
wall may be enhancing.

As already mentioned haemangioblastomas are highly vascular
tumours and show a characteristic appearance at angiography.
There is a dense blush of contrast, commencing in the arterial phase
and continuing through into the venous phase. The larger nodules
can be 1-2 cm in diameter and can resemble angiomas or even

aneurysms. They may show arteriovenous shunting with one or
more large drainage veins visible in the arterial phase. Smaller
nodules appear as smears of contrast in the arterial phase

(Figs 57.80B, 57.81).
Vertebral angiography may be indicated in some cases of sus-

pected haemangioblastoma, even after CT or MRI, since it the most
accurate method of identifying multiple small lesions which may be
missed on CT or MRI (Fig. 57.82; see also Fig. 57.30).
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On CT meningiomas are more likely to be hyperdense to brain
pre-contrast and may contain calcification (Fig. 57.84). The dural
tail is a non-specific radiological sign and can be seen with both
tumours.

The MR1 appearances of schwannomas will vary according to
their histological make-up; those of the Antoni-A subtype contain
densely packed neural and fibrous tissue with little extracellular
fluid, thus will he hypointense to brain on Ta-weighted sequences;
the reverse is true of the Antoni-B subtype where the cells are more
loosely arranged with more extracellular fluid thus the tumour will
be hyperintense on T,; both types of tumour are iso-hypointense on
T,-weighted sequences.
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Though much less common than acoustic neuromas, lesions of the Fig. 57.87 A l obulated enhancing mass is shown on these T, axial
other lower cranial nerves and of the fifth nerve are occasionally i mages. It involves the right cavernous sinus and extends posteriorly with
seen. Tumours of the lower cranial nerves occur more inferiorly and marked mass effect on the pons (A). More inferiorly it extends towards the
may involve the skull base (petrous bone, jugular foramen or skull base and the region of the foraman ovate (B). This was a neuroma of

hypoglossal canal). Fifth nerve tumours may involve the petrous the trigeminal nerve.

apex and floor of the middle fossa as well as the pons. Large readily identified, particularly after contrast enhancement
tumours may become cystic. (Fig. 57.85). High-quality reformats or even CT cisternography may

There may he evidence of bony erosion in the sites mentioned be required in equivocal cases, though bone erosion is well shown
above. CT is at a disadvantage at the skull base and foramen by CT on hone windows.
magnum region, and small tumours can be easily missed without MRI, with its capacity for easy sagittal and coronal imaging and
high-quality films of the appropriate areas; larger tumours are more freedom from hone interference, is the ideal method for demon-

strating these tumours. The anatomical features and relationships

are well shown on T,-weighted images, while the neuromas invari-
ably yield a higher signal on Ta-weighted images. Like acoustic
neuromas they enhance well with intravenous gadolinium-DTPA
(Figs 57.86, 57.87).

Paraganglioma These tumours are also termed chemodectomas
or non-chromaffin paragangliomas. They occur within the tym-
panic cavity (glomus tympanicum) or in the jugular body situated
in the wall of the jugular bulb (glomus ju(Tulare). They can prolif-
erate into the middle ear and can present at the drum as a 'cherry-
red' polyp.

Glomus jugulare tumours can also extend into the posterior fossa

Fig. 57.85 Fifth nerve tumour with marked enhancement after contrast and down into the neck. They are commoner in females.

medium. The tumour at the petrous apex extends into both the middle CT will show the bone destruction well, and, after enhancement,
and posterior fossae (L36, W80).

any associated intracranial extension (Fig. 57.88A.Bb ) and down-
ward extension into the neck (see Figs 52.29 and 52.30).

On MRI the tumour gives a higher signal than brain on T2- and
is isointense on T i - weighted images. It commonly appears stippled.
due to signal void from the large vascular channels. Enlarged veins
are often apparent in the region and the jugular bulb may be
obstructed and show unexpectedly high signal due to absence of
flow. If direct coronal sections can be obtained, they will be help-
ful in assessing the full extent of the tumour, and particularly
useful in showing involvement of the internal jugular vein (see
Figs 52.29, 52.30).

These tumours, are highly vascular and are well demonstrated by
Fig. 57.86 Corona) T,-weighted postcontrast image (A) showing a lobu- angiography. Selective external carotid angiography with subselec-l ated ring-enhancing mass in the region of the geniculate ganglion of the
l eft facial nerve. The dedicated coronal CT (B) acquired on a bone algo- five catheterisation of the occipital and ascending pharyngeal arter-
rithm shows associated bone destruction by the soft-tissue tumour with ics has been used both for diagnosis and for therapeutic
some involvement of the cochlea. embolisation (Fig. 57.88C).



Fig. 57.89 Chordoma of skull base. (A) CT at brain window. Bony
density mass protrudes back from the clivus. (B) CT at bone window
(slightly lower section) confirms osteochondromatous nature.

Fig. 57.92 Chordoma. MRI (T 1 -weighted). (A) Sagittal midline section.
Fig. 57.90 Chordoma. Calcified mass growing backward and upward (B) Axial section. The tumour arising from the clivus is isointense with brain
from the clivus. It is displacing the brainstem and extending up above the and protrudes backward, deforming the brainstem. It also protrudes
sella. forward into the nasopharynx.

Fig. 57.91 Chordoma. (A) Extensive infiltrative destruction of the skull
base. (B) Enhancing tumour mass extends up into the posterior and middle
fossa on the right side involving the right clivus and sella.

Fig. 57.88 (A) CT at bone window demonstrates erosion of skull base around right jugular foramen. (B) Enhanced
MRI shows strongly enhancing tumour extending into posterior fossa. (C) Large glomus jugulare tumour at the skull
base and a concomitant carotid body tumour at the carotid bifurcation are both shown by carotid angiography.

Chordoma This low-grade malignant lesion probably arises from extend intracranially as well as forward into the nasopharynx. The
primitive notochord remnants. 35% of tumours arise in the intracranial extension impinges on the brainstem and may present
basisphenoid, the remaining 50% in the sacrum, although they with symptoms and signs suggesting a brainstem or cerebellopon-
can occur anywhere in the spine; sellar and parasellar chordomas, tine angle tumour, and cranial nerves and vessels may be encased
are also occ.isionally scan. Chordomas of the basisphenoid can by tumour (Fig. 57.89). Occasionally a tumour involving the skull

base arises from an upper cervical vertebra. The larger and more
aggressive basisphenoid tumours can also involve the sella or
even the back of the orbit. Though usually central, the tumour is
often asymmetrical and can grow mainly on one side. They are
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Fig. 57.93 A large heterogeneous T2 signal eccentric suprasellar chondrosarcoma (A) displaces the terminal internal carotid arteries. (B) On the postcontras
coronal T,-weighted image the mass involves the clivus and shows heterogeneous enhancement. The axial CT (C) shows that the mass is partially calcified.

component enhances on both CT and MRI and curvilinear and
ring-like enhancement has been described (Figs 57.93, 57.94).

Metastatic tumours (Figs 57.95-57.101) Metastasis to the brain,
skull or meninges can occur in most forms of systemic cancer. Skull
metastases have been described in Chapter 53. Rather surprisingly,
most have little effect on the brain, but occasionally a large deposit
will grow inward and involve the meninges and underlying brain.
Cerebral metastases occur in up to 20% of all cancer patients and
account for nearly 40% of intracranial tumours in adults. The most

Fig. 57.94 Sagittal T, unenhanced (A) and postcontrast (B) images
showing an expansile enhancing chordoma involving the clivus and dens
with compression of the craniocervical junction and a large extraosseous
soft-tissue component extending into the nasopharynx, ethmoids and
prevertebral space.

almost exclusive to the adult population occurring in those in their
twenties to sixties, and are rare in children. They are slow-
growing lesions spreading by local infiltration, destroying adja-
cent bone, thus surgical resection is usually incomplete and the
ultimate course is one of disease progression. CT is optimal for
demonstrating the full extent of the hone involvement and shows Fig. 57.95 Metastases. Three separate lesions, all isodense and enhanc-
the calcification better which is usually a prominent though not a i ng strongly with contrast medium. Oedema around the larger secondaries
constant feature (Figs 57.90, 57.91). MRI has the great advantage (L40, W60). Before (A) and after (B) enhancement.

of permitting sagittal sections, which often show the lesion best
and, together with coronal and axial sections, permit full demon-
stration of the extent and relations of the tumour (Fig. 57.92). The
tumour appears as a lobulated inhomogeneous mass; 75% of the
tumours are isointense with brain on T i and 25% hypointense; T 2
signal is heterogeneous although overall mildly hyperintense and
enhancement is also heterogeneous.

Chondroma and chondrosarcomas These tumours arise from
cartilage or embryonal cell rests at the skull base and can some-
times be difficult to distinguish from chordomas; chondrosarco-
mas arise most commonly in the petrous region and extend to the
sella but may also arise in the midline; chondroid tumours often
have a scooped margin. Bone destruction and calcification is
better seen on CT though the full extent of the lesion is better
appreciated on MRI. Chondromas and chondrosarcomas are Fig. 57.96 (A,B) Metastasis. Small isodense enhancing tumour with
hyperintense on T2 and of variable signal on T i ; the soft-tissue marked oedema (L36, W80).



Fig. 57.98 Metastases. (A) Multiple adjacent ring shadows with low-
density centres. (B) Mainly ring enhancement after contrast.

common primary tumours to metastasise intracranially include lung
(30%), breast (20%), melanoma (10%), kidney (10%) and gastro-
intestinal tract (5%). Eighty per cent of metastases are supratentorial
i n distribution, but infratentorial metastases still account for the most
common intra-axial posterior fossa neoplasm. Haemorrhage can be
seen in association with metastases from melanoma, renal, chorio-

Fig. 57.100 Axial T,-weighted postcontrast image (A) showing bilateral
diffuse nodular dural thickening and enhancement in a patient with metastatic
breast carcinoma. A small area of underlying cortical signal abnormality is
present in the right frontal lobe on the T2 - weighted axial image (B).

carcinoma, thyroid, lung or breast primary tumours. Lymphoma can
metastasise to brain but this is very uncommon. In one large series it
occurred in only 1 %% of cases, all of these being non-Hodgkin's lym-
phoma.

Metastatic disease of the brain in children is less common that in
adults and arises from different tumours. The most common are:
neuroblastoma, Wilms' tumour, rhabdomyosarcoma and osteogenic
sarcoma.

MRI is not surprisingly more sensitive than CT in detecting small
metastatic deposits, even if double-dose intravenous contrast and

delayed imaging is performed with CT. On imaging cerebral metas-
tases are usually well-defined lesions on both CT and MRI, typically
l ocated at the grey-white matter interface and they are associated with
a disproportionately large amount of vasogenic oedema considering
their size, even with a very small superficial lesion. Deposits can
occur anywhere including brainstem, cerebellum, basal ganglia and

white or grey matter. Interestingly, cortical metastases are associ-
ated with very little vasogenic oedema. On CT metastascs are
usually isodense or hyperdense, hyperdensity being a frequently
encountered feature of melanoma secondaries. Calcification is very
rare and is a point against the diagnosis of metastasis. However, it

Fig. 57.97 (A,B) Metastases. Two low-density lesions, one in left cere-
bellum and one in left temporal lobe. (C,D) After contrast there is ring
enhancement of both tumours ([40, W80).

Fig. 57.99 Metastases. (A) Coronal MRI (T,-weighted). Symmetrical
deposits in the occipital lobes. High signal within the deposits probably
due to haemorrhage. Surrounding oedema also shown as high signal.
(B) Sagittal MRI (T,-weighted). Frontal lobe adjacent deposits.
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when the contents are serous fluid (in which case the mass cannot
be differentiated from an arachnoid cyst before histological exami-
nation of the cyst wall) to more solid looking when the contents are
viscid, proteinaceous and pus like. The capsule may then enhance
slightly, resembling a cystic craniopharyngioma.

On MRI cysts with serous fluid are of similar signal charac-
teristics to CSF, but those with proteinaceous fluid are of high T,
signal. Peripheral cyst wall enhancement may be seen due to their
origin in the pars intermedia, but there is a nodular enhancing com-
ponent. Displacement of the infundibulum anteriorly is easily
detectable on MRI.

Histologically epidermoids are tumours with a thin capsule of epi-
dermis (squamous keratinised epithelium); they contain desqua-

Fig. 57.101 Axial (A) and coronal (B) T1 -weighted postcontrast images in a
mated epithelial debris and cholesterin, which gives rise to theirpatient with meningeal leukaemic infiltration. There is meningeal enhance-

ment and thickening around the brainstem and temporal lobes with thick- characteristic metallic or `pearly' sheen.
ened enhancing 5th nerves and 7th/8th nerve complexes bilaterally. They usually present in adults and are commonest in the

cerebellopontine angle or suprasellar region in the subarachnoid
space. Other sites are in the sylvian fissure and in the ventricles.
The exact site of origin is often difficult to determine, since the
tumours can infiltrate widely around vessels and nerves as they
extend in the subarachnoid space (Fig. 57.102).

Rathke cleft cyst These rare lesions are important to differentiate
from craniopharyngiomas since they are much easier to treat
surgically. The cell type lining the cyst wall distinguishes
craniopharyngiomas from Rathke's cleft cysts; the latter are
benign thin-walled unilocular cysts, which do not recur even after
si mple evacuation. They have no solid components and do not
calcify. They are lined with cuboidal or columnar epithelium and
contain mutinous cyst fluid, often brownish in colour. Cranio-
pharyngiomas are lined by squamous or basal cell line epithelium.
Purely suprasellar Rathke's cleft cysts are rare and the density and
signal characteristics of the cyst on imaging will depend on its
content.

CT shows a round mass in the sellar and suprasellar cistern with Fig. 57.103 Epidermoid (pearly tumour) in the left temporal region.
no calcification. The value of the density varies from that of CSF (A) At L36, W80. (B) Same case at L8, W1.

can occur and has been described from bone sarcoma and colonic

carcinoma. It may also be seen after radiation treatment. Larger
metastases tend to become necrotic centrally and may appear
cystic. Contrast medium enhancement, often very marked, is an
almost universal feature of metastases. This may be seen as a well-
defined nodule within an area of surrounding oedema, or, if
the centre is necrotic or cystic, as marginal or ring enhancement
(Figs 57.95-57.98). Superficial nodules easily missed on the pre-
enhancement scan may he more easily recognised after contrast
enhancement. On MRI metastases are hypointense on T, and hyper-
intense on T 2 and enhancement patterns are similar to those
described for CT.

The presence of multiple discrete lesions within the brain should

always suggest the diagnosis of metastases. Similar appearances
may be seen with multiple small abscesses or granulomas, though
the clinical features will often help to differentiate. In the posterior
fossa multiple haemangioblastomas may have to be considered.

Unfortunately a high proportion of patients (50% or more in
some series) present with a solitary metastasis, and unless there is a Fig. 57.102 Axial T2 - (A) and T1 -weighted postcontrast images (B) show
known primary this can raise a difficult problem of differentiation a large lobulated epidermoid in the posterior fossa filling and expanding
from a primary brain tumour or cerebral abscess. In some cases this the fourth ventricle and causing marked displacement of the brainstem.

can only be resolved by biopsy.
The signal characteristics of the mass are similar to CSF and there is no
enhancement.



Fig. 57.105 Epidermoid. (A) Sagittal MRI (T,-weighted). An irregular
tumour in the pontine cistern is displacing the pons and appears to be
i nvading it. (B) Axial MRI (T 2- weighted). The tumour is shown as high signal
displacing and compressing the central pons.

On CT the tumours are usually of low (fatty) density, hut the
density can be as high as that of CSF or higher, depending on the
content. The margins may be ill defined and they do not enhance with
contrast medium (Figs 57.103, 57.104). Calcification is unusual but
flecks of calcification have occasionally been noted at the capsule.
They may be difficult to differentiate from arachnoid cysts.

On MRI signal characteristics and appearances depend on the Fig. 57.106 (A,B) Basal dermoid arising from ethmoids. Note marginal

relative proportions of cholesterol (short T,) and keratin (long T,) calcification (arrow).

within the tumour. They are usually isointense with CSF on T 1 - and
isointense or slightly brighter on T,-weighted images. On FLAIR

sequences they are of slightly higher signal to CSF whereas arach-
noid cysts are usually isointense with CSF. Diffusion-weighted
sequences may also be helpful in differentiating epidermoid tumours
from arachnoid cysts if difficulty arises, since there is free diffusion of
water within arachnoid cysts, hence they are of low signal; there is
some restriction of diffusion in epidermoids due to the presence of
protein macromolecules, hence they are of increased signal, although
there is also a contribution from T, shine-through. Epidermoids often
expand the prepontine or cerebellopontine cisterns in which they
usually arise, and distort the adjacent neural structures such as pons,
medulla or cerebellar peduncle, often with a lobulated or scalloped
margin. Larger lesions may invaginate deeply into the brain and Fig. 57.107 Dermoid. Sagittal (A) and coronal (B) MRI sections
appear continuous with it (Fig. 57.105), though the extra-axial origin (T,-weighted) demonstrate small ovoid mass in lower vermis with high
remains apparent. Surgical resection is often incomplete. signal in lower part and low signal in upper part.

Fig. 57.104 Epidermoid (arrow) of left cerebellopontine angle.
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Dermoids
These are more complex cystic slow-growing tumours accounting

for 0.04-0.6% of intracranial tumours. Their wall contains a full
width of dermis, which may contain hair and sebaceous glands, and

an outer layer of connective tissue, as well as a connective-tissue
capsule. The cyst may contain matted hair and glandular secretions
as well as desquamated keratinised epithelium. They normally
present in children, and may lie in the midline at the base of the
brain or near the fourth ventricle. The latter may show an occipital
skin dimple with a stalk leading through the bone to the lesion.

Such dermoids can become infected.
As noted above (see Ch. 53), posterior fossa dermoids in children

may be suggested by an occipital hone defect, which may be
detected on a plain skull radiograph. Wherever sited, calcification
of an arc-like type resembling that seen in aneurysms may occur in

the capsule and is seen in 20% of cases (see Fig. 53.33).
On CT the cysts are usually of fatty or low density and more

rounded than epidermoids. They are seen in the posterior fossa near
the midline, or above the floor of the anterior fossa, but they can
occur over the convexity or elsewhere. Capsular calcification occurs
more commonly than with epidermoids (Fig. 57.106). Rupture of a
cyst may occur, with escape of the fatty contents into the CSF
resulting in a chemical meningitis followed by arachnoid scarring



and hydrocephalus; rupture into a ventricle has also been reported,
and this has been recognized at CT by a fat-fluid level.

On MRI signal characteristics are heterogeneous but will fail to
show calcification (Fig. 57.107). Dermoids without fat or calcifica-
tion within them may be indistinguishable from epidermoids or arach-
noid cysts; the presence of material other than fat within a lesion is
also useful in distinguishing a dermoid from a suprasellar lipoma.

with a high-density spherical cyst at the base of the septum pellu-
cidum in the region of the foramen of Monro (Fig. 57.108A). The
appearances are normally unchanged after intravenous contrast.
except in the rare case of the isodense cyst. Marginal enhancement
may be seen in these cases either from opacified capsule or from
stretched veins around it (Fig. 57.I08B). MRI will also character-
i se the cyst and shows it well in the coronal plane (Fig. 57.108C).
These tumours are also described as of low signal or similar to
surrounding brain on T i - weighted images, but of high signal on
T 2 - weighted images sometimes with a low signal centre.

According to one theory these tumours arc derived from the para-
physis and have been termed paraphyseal cysts. The paraphysis is a
gland normally found in the human fetus at one stage of develop-
ment but later disappears; it is present in some lower vertebrates This rare tumour originates in the neurohypophysis and the pitu-
but its function is unknown. Other workers are sceptical of this itary infundibulum and its location in the posterior pituitary gland is
theory and prefer to use the non-committal term 'neuroepithelial useful in making the diagnosis. On CT appearances are those of a
cyst'. The cyst lies in the roof of the third ventricle behind the hyperdense mass on unenhanccd images with intense enhancement
foramen of Monro and contains amorphous gelatinous material post contrast. On MRI the mass is isointense to brain on all
(colloid). Because of its position it can give rise to intermittent sequences with moderate enhancement after gadolinium contrast
obstruction of the foramen of Monro even when quite small. agent.
These tumours usually present in adults at any age, but have

been described in children. They are usually 1-2 cm in diameter at
presentation, but can be larger.

The CT appearances are usually diagnostic on the uncnhanced
scan. Symmetrical hydrocephalus of the lateral ventricles is present

This is a congenital lesion of non-neoplastic heterotopic grey and
white matter with a varying degree of differentiation. It is usually
situated around the tuber cinereum, between the infundibular stalk
and the mamillary bodies, inferior to the hypothalamus and can be
either sesseli or pedunculated and although is not strictly a neo-
plasm can grow slowly. Patients often present with precocious
puberty and/or gelastic seizures, but it may also be associated with

mental impairment, other structural abnormalities such as micro-
gyria, heterotopias, callosal agenesis/dysgcnesis, polydactyly, facial
and cardiac anomalies, and the Lawrence-Moon-Biedl syndrome.
There are also metabolic associations such as diabetes insipidus and

growth hormone secreting pituitary adenomas. The CT appearances
are those of an isodense well-circumscribed, non-enhancing mass
and on MRI the mass is isointense to grey matter on T, and isoin-
tense or slightly hyperintense on T,-weighted images; occasionally
signal characteristics can be heterogeneous, with a peripheral rim of
T,/T, isointensity, and a central focus of T, and T, hypointensity.

Fig. 57.108 Colloid cysts. (A) Small high-density cyst at base of septum
pellucidum. This is the classic appearance seen in most cases. (B) Isodense
cyst with marginal enhancement after contrast medium-a rare variant. Fig. 57.109 Axial T2- weighted image (A) showing a rounded mass,
(C) Coronal MRI study (T,-weighted) shows the cyst as a high-signal lesion slightly hyperintense to brain in the hypothalamic region consistent with a
in the third ventricle. (Courtesy of Dr Gordon Thomson and Bristol MRI hamartoma. The mass is isointense to brain on the T,-weighted post-
Centre.) contrast image (B) and does not enhance.



The `empty sella syndrome' is discussed here because it sometimes
enters into the differential diagnosis (both clinically and radiologi-
cally) of pituitary tumours. An empty sella may be classified as
primary or secondary:

an association with raised intracranial pressure, since the patients
1. Primary (idiopathic) empty sella are often obese, multiparous and hypertensive. Visual field defects

2. Secondary empty sella: can occur due to prolapse of optic nerve or chiasmal tissue into the

(i) after hypophysectomy or after tumour removal empty sella. The sella itself is often enlarged, presumably from pul-

(ii) after radiation therapy of sellar contents sating CSF, and this, together with the clinical findings, can lead to
(iii) after infarction of pituitary (normal or tumour). an erroneous diagnosis of pituitary tumour.

Secondary empty sella may be due to any of the causes listed
Primary empty sella is due to a congenital defect in the diaphragma

above and can also give rise to symptoms suggesting tumour
sellae, permitting suprasellar arachnoid and CSF to herniate into recurrence.
the sella. The pituitary gland is compressed against the back and
floor of the sella and much or most of the sella is occupied by CSF.
The condition is usually entirely symptom free and only discovered
as a chance finding at imaging or autopsy for other causes.
Symptomatic cases are commoner in females and there is usually

Radionecrosis Interpretation of follow-up examinations after
surgery and radiotherapy of gliomas is complicated in the early
stages by normal postoperative changes and later by the occurrence
of radionecrosis. This can give rise to features similar to those of
gliomas-mixed density, mass effect, contrast enhancement and
even calcification. Radionecrosis changes may occur months or
even years after radiotherapy and may only be distinguished from
recurrence by biopsy.

This rare tumour arises from neuroepithelial cells of the olfactory
mucosa. It spreads downward into the nares and, in 20% of cases,
upward through the cribriform plate into the subfrontal region. CT
or MRI will define its full extent.

Cystic components within these lesions have been described
extending into the temporal fossa, and the lesions can thus appear
very similar to arachnoid cysts (Fig. 57.109).

The main radiological differential of a hypothalamic hamartoma
lies between a hypothalamic glioma.
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Fig. 58.2 (A) Axial unenhanced CT and (B) T2 - weighted MR image
demonstrating an acute intrinsic pontine haemorrhage.

tion and damage to the blood-brain barrier. Haemorrhage can
rupture into the subarachnoid space or ventricles (Fig. 58.1A). In
subarachnoid extension the normal low-attenuation CSF appears
isodense with brain or has areas of increased attenuation. The mass
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Traumatic Aneurysm
Spontaneous Angioma
Hypertension and atheroma Blood disorder and anticoagulants
Amyloid angiopathy Tumour

I n adults intracerebral haemorrhages can he classified as traumatic
or `spontaneous' (Box 58.1 ). The vast majority of spontaneous
haemorrhages occur in the elderly and middle-aged and are due to
rupture of a microaneurysm on a small intracerebral artery, with
hypertension and atheroma as predisposing factors. Intracerebral
haemorrhage may also occur in patients on anticoagulants or
with haemorrhagec blood disorders (although subdural haema-
tomas arc commoner in the latter). Neoplasms are a rare cause
(I %) and malignant melanoma deposits are particularly liable to
haemorrhage.

Ruptured aneurysms or angiomas can also give rise to intra-
cerebral haenmorrha`ge, usually in association with suharachnoid
haemorrhage, although sometimes without the latter, which is nor-
mally the outstanding clinical feature. Amyloid angiopathy of the Fig. 58.1 (A) Massive capsular haematoma with blood in the ventricles.

(B) Spontaneous haemorrhage into right fontal lobe, minor extension into
cortical arterioles is a rare cause o1 superficial haematomas in the right lateral ventricle. Low density around haematoma due to clot retraction.
elderly and may also be associated with suharachnoid haemorrhage.

CT Because of the clear distinction between the high attenuation
of extravasated blood and that of the surrounding brain, CT scan-
ning is by far the most accurate radiological method for demon-
strating these lesions. Of intracerebral haemorrhages that are
hypertensive in origin, around 60% occur in the basal ganglia or
centre sylvian areas; the remaining 40% involve the pons (20c/),
cerebellum (10%), and less commonly the cerebral white matter
(Figs 58.1-58.3).

On CT the haemorrhage shows as an area of increased attenua-
tion ranging from 50 to 90 Hounsfield units and is surrounded by a
thin low-attenuation ring which probably results from clot retrac-



Subarachnoid haemorrhage from any cause (see Ch. 55) may be asso-
ciated with a number of abnormalities on the CT scan. These include:

I . Suharachnoid blood
2. Intracerebral and/or intraventricular blood

Fig. 58.3 CT of resolving left thalamic haemorrhage 10 days after onset.
(A) Before contrast there is some residual high density centrally. (B) After
contrast there is marginal enhancement.

effect depends on the size of the bleed but is frequently less than
with tumours of comparable size. Congealed blood appears as an
area of high attenuation. The absorption values increase with pro-
gressing haemoconcentration. A haematoma which is 48 hours old
may develop slightly higher values than were present initially
because of fluid loss during clot retraction. It is the tightly packed
haemoglobin molecules which are responsible for the high attenua-
tion values.

A blood specimen with 15 g haemoglobin has a Hounsfield Fig. 58.4 (A) MR of subacute posterior fossa haemorrhage. T 2 - weighted,

number of approximately 50 units, i.e. only slightly greater than
and 3 4 days after onset. Low signal lesion with some marginal high signal.
(B) MR T 2- weighted, and 3-4 days after onset. Low-signal lesion with some

grey matter. The 50 mg of iron present contribute only 7% of the marginal high signal. (B) MR (T 2 - weighted). Large haematoma in right tem-
total value. A contracted clot, however, has a haemoglobin value of poral lobe 10 days after ictus. Peripheral high signal (C) MR (T2 -weighted).
30 g with an absorption value of approximately 80. The iron per- Cortical haematoma at 4 weeks. Note rim of low density.

centage here contributes about 4 units and the tightly packed
haemoglobin molecules the rest of the increase. The baseline for nantly T, proton-relaxation enhancement. The result is high signal at

plasma is 24 and each gram per cent of haemoglobin adds 2 HU. the periphery on both T,- and T,-weighted images which spreads

The high attenuation of intracerebral hacmatomas is seen imme- i nward over the next few days (Fig. 58.4A) until the entire haematoma

diately from the time of haemorrhage. It decreases slowly over the becomes markedly hyperintense, which may persist for many months
subsequent weeks, until eventually a low-density cystic area (Fig. 58.4B). Haematomas are commonly surrounded by a thin rim of
remains. hypointensity, best shown on T,-weighted images, presumed to repre-

Resolution of the haematoma density takes place from the sent the predominantly T, proton-relaxation enhancing effect of tissue
periphery (Fig. 58.3). Resolution at CT does not necessarily mean haemosiderin (Fig. 58.4C). Oedema is variable, hut usually does not

that the haematoma is absorbed but merely that it has become iso- persist beyond 2-3 weeks. Administration of intravenous gadoliniuni-
dense with surrounding brain. Enhancement may occur round a clot DPTA usually results after about I week in a thin rim of peripheral

due to damage to the blood-brain harrier and neovascularity. This is enhancement which persists for several weeks, similar to the cnhanc-
unusual in the first week, but with a large haemorrhage it can ing rim seen on CT after administration of iodinated contrast agent.

persist up to 3 months. At the stage where the clot is isodense or of Old intracerebral haemorrhages arc usually represented by a cyst or
low density there is a clear danger of confusing the CT appearances cleft-like cavity in the brain commonly associated with surrounding
with those of an abscess or tumour postenhancement. atrophy. The cavity contains hypointense material on T,-weighted
Differentiation will then depend on the history. i mages, but the T, shortening caused by haemosiderin in the wall

MRI Acute haematomas may be isointense with normal brain in
probably persists indefinitely.

both T,- and T,-weighted images and therefore may escape detec-
tion. Often, however, by the time of examination, they are
hypointense on T,-weighted images, because the paramagnetic
effect of deoxyhaemoglobin causes predominantly T

2
proton-relax-

ation enhancement. After 3-4 days haemoglobin begins to break
down at the periphery of the haematoma, accompanied by oxidation
of deoxyhaemoglobin to methaemoglobin, which causes predomi-
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amounts of intraventricular blood usually gravitate to the occipital
horns, where they are readily identified.

3. Low-density areas representing infarcted or ischaernic brain
are frequently shown. It is thought that they arc related to the arter-
ial spasm which often accompanies subarachnoid haemorrhage.

4. Dilated ventricles arc shown in 509 of patients scanned
within 48 hours of a subarachnoid haemorrhage, as communicating
hydrocephalus may develop quite rapidly, due to blood clot
obstructing the CSF flow. Later posthaemorrhagic hydrocephalus
also occurs in up to 2070 of cases: the initial examination is then of
use as a baseline.

5. If the haemorrhage arises from an aneurysm, it is rare for the
aneurysm to be visible, even after intravenous contrast medium.
Angiomas, however, arc shown before injection in more than 50%
of cases, and after contrast medium in more than 90 1/ I n the rare
cases in which subarachnoid haemorrhage is a manifestation of a
tumour, t he main findings arc those of the tumour itself, with an
associated haematoma.

MR1 MRI is less sensitive than CT in detecting subarachnoid
hacmorrhagc within the first few days. Detection of suharachnoid
blood clot depends on it yielding a relatively higher signal than the
low signal of CSF: blood dispersed throughout the mobile cistcrnal
CSF is unlikely to be detected. MRI becomes increasingly reliable
at detecting subarachnoid or intraventricular clot over several days,
but after the clot has liquefied and been dispersed throughout the
CSF as xanthochromia there is little chance of detection, and this
has usually occurred by 10-14 days. FLAIR is more sensitive than
other sequences as the CSF signal may not be suppressed due to
increased protein content: pathological appearances still need to be
distinguished from signal variation due to CSI motion effects.
I ntracerebral clot adjacent to an aneurysm behaves like intracere-
bral haemorrhage in general.

Complications of subarachnoid hacmorrhagc arc shown well.
Hydrocephalus is best shown on T i -weighted images, interstitial
oedema of hydrocephalus and areas of cerebral ischaemia on T,-
weighted images. Delayed pial hacmosiderosis after SAH can also
be demonstrated as low signal on T-weighted images.

3. Areas of infarction or ischaemia
4. Hydrocephalus
5. Demonstration of the causative lesion (aneurysm, angioma, or

t umour).

I . Extravasated blood may he identified anywhere in the subarach-
noid space from its high attenuation. It is usually confined to the
basal cisterns (Fig. 58.5A). If the subarachnoid blood is localised,
e.g. in the insula, this can he very helpful in identifying which of
multiple aneurysms is responsible for the haemorrhage. Such
cxtravasated blood can be demonstrated in about 90Y( of cases
during the first 2 days after the hacmorrhagc, but during the second
week this proportion falls to less than 40%.

2. The characteristics of i ntracerebral haernatomas have been
described above. The main indication that a haematoma nay have
arisen from a ruptured aneurysm is its situation near a typical
aneurysm site. One-third of intracranial bleeds are secondary to
ruptured aneurysms, and a high proportion of ruptured aneurysms
(30-60% in different series) bleed into adjacent brain. CT is there-
fore helpful in identifying the site of the bleed if there is associated
i ntracerebral clot.

Haematoma in the medial frontal lobes, septum pellucidum or
corpus callosum can indicate an anterior cerebral artery aneurysm
bleed (Fig. 58.5B,D). A middle cerebral artery aneurysm can be

recognised by fresh clot in the sylvian cistern (Fig. 58.5C).
Haematoma in the region of the external capsule may be hyperten-
sive or may be from an internal carotid or middle cerebral artery
aneurysm.

Thus CT can he helpful in selecting the first vessel to be exam-
ined by direct angiography. If two or more aneurysms are shown,
the presence of intrucerebral clot or of a low-density area represent-
i ng ischaemia secondary to spasm may identify the aneurysm which
has bled. Occasionally the CT scan may he positive, although the
aneurysm is not shown by angiography. Conversely, if the CT study
i s negative soon after a presumed haemorrhage, the likelihood of
showing a vascular lesion by angiography is reduced.

The presence of blood in both the cisterns and ventricles has a
graver prognosis and is associated with a higher mortality. Small

Fig. 58.5 (A) Subarachnoid haemorrhage. Congealed blood in the basal cisterns, insulae and interhemispheric cleft. (B) Clot in both frontal lobes from
anterior communicating ruptured aneurysm. (C) Subarachnoid haemorrhage from right middle cerebral aneurysm. In addition to blood in the sub-
arachnoid space, there is a local clot in the anterior part of the right insula indicating the site of the ruptured aneurysm. (D) Ruptured anterior com-
municating aneurysm with blood between frontal lobes, in septal cyst and in ventricles.



Fig. 58.6 (A) Enhanced CT shows a right posterior communicating aneurysm. (B) Large irregular suprasellar aneurysm after enhancement.
(C) High-density rounded mass in suprasellar region. (D) The mass enhances strongly with contrast medium. Large aneurysm confirmed at angiography
(L36, W80).

This is a condition thought to be caused by continuous or intermit-
tent, usually subclinical, subarachnoid haemorrhage. It results in
haemosiderin being deposited in the pia mater and superficial corti-
cal layers. Brainstem, cerebellum (especially the superior vermis),
cranial nerves and upper spinal cord usually are mainly affected.
The clinical picture generally is of a progressive neurological disor-
der in which ataxia and deafness are prominent features. A source
of bleeding is rarely found despite extensive investigation, which
can include spinal angiography. It is a chronic condition but out-
comes can become fatal if a source of bleeding cannot be found and
dealt with. CT may show hyperdense leptomeninges, but MRI
shows the siderotic changes very clearly indeed. Atrophy super-
venes in involved regions.

-section contrast-enhanced CT or high-resolution continuous slice
MRI, MR or CT angiography, either alone or in combination,
should exclude the presence of aneurysmal compression without
the need for direct intra-arterial angiography.

Large aneurvsrns, i.e. those more than 1 cm in diameter, show
well at CT scanning as high-density rounded lesions at the base of
the brain. These enhance strongly and immediately after contrast
medium injections (Fig. 58.6B-D). Since large aneurysms fre-
quently contain thrombus, the enhancement may involve only part
of the lesion: paradoxically, a lesion showing marked enhancement
i n only one portion is more likely to be an aneurysm. Occasionally
they show characteristic marginal calcification.

In an appropriate situation there may be a difficult differential
diagnosis to be made, e.g. a large suprasellar aneurysm (Fig.
58.6C,D) may simulate a suprasellar meningioma, craniopharyn-
gioma, or pituitary tumour, and a large basilar aneurysm can simu-
late a clivus chordoma or meningioma (Fig. 58.8).

asilar aneurysms can be fusiform or serpentine and they someB , -
The vast majority of cerebral aneurysms present clinically as sub- times show peripheral increased density representing calcification
arachnoid haemorrhage. A smaller proportion present with oculo- or mural thrombosis.
motor palsies or, if large and in an appropriate area, as suspected Dynamic CT after a bolus injection has been used in some cases
cerebral tumours. Thus a large basilar aneurysm can give rise to a where there is difficulty in differentiating between basal menin-
brainstem syndrome and a large anterior communicating aneurysm giomas and a large aneurysm. The density of an aneurysm
can arouse suspicion of a suprasellar tumour. i ncreases, then falls, with the circulating contrast medium, while

The investigation of subarachnoid haemorrhage i s discussed also that of a meningioma rises more gradually as the contrast medium
i n Chapter 55, and CT scanning is the most important primary leaks from the capillaries and the meningioma remains dense
investigation in this condition. However, if surgery is to be under- l onger. Differentiation between meningioma and a large basal
taken, some form of angiography will also be required, which is aneurysm is more simply made by MRI.
still usually intra-arterial. The CT scan, by demonstrating the site
of the bleed, can sometimes be followed by simple unilateral MR1 Large aneurysms are shown by standard MR techniques
carotid angiography and obviate the necessity for four-vessel (Fig. 58.7), commonly appearing as areas of signal void along the
angiography in a seriously ill patient. Non-invasive angiography course of named arteries close to the circle of Willis. Giant
(CT or MRI) is generally regarded as adequate in cases of only pos- aneurysms may be variable in appearance. They present as
sible or doubtful SAH. rounded or slightly lobular clearly extra-axial masses, although

In patients with an oculomotor palsy the aneurysm, if large they may burrow into brain substance. They usually enclose
enough, will be demonstrated as a high-density suprasellar or an eccentric, circumscribed area of signal void representing
parasellar lesion on the simple scan, and this may enhance strongly the residual lumen, surrounded by regions of variable signal
and be clearly related to the circle of Willis on the postenhance- representing clot in different stages of organisation. The con-
ment scan (Fig. 58.6A). If the aneurysm lies within the cavernous figuration of clot and residual lumen may change on serial
sinus, it will only be shown if large enough to bulge the sinus. Thin examinations.
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Fig. 58.7 (A) MRA axial study. Large aneurysm of the right carotid artery bifurcation is shown protruding up from the right cavernous sinus. There is also
a small occipital angioma supplied by the right posterior cerebral artery. (B) Axial T 2- weighted MR image showing a small anterior communicating artery
aneurysm. (C) Axial T2 -weighted MR showing a small aneurysm of the distal left posterior cerebral artery.

Fig. 58.8 (A,B) Basilar aneurysms confirmed at angiography. Two different patients with high-density enhancing rounded masses behind the sella and extend-
i ng into brainstem. (C) MRA shows left posterior communicating aneurysm. (D) Giant right intracavernous carotid aneurysm (3D MRA, TOF).
(E) Lateral (a) and (b) views of giant basilar tip aneurysm. Flow arches up and over the invisible main cavity. (F) MRA (compressed axial 3D TOF). Two angiomas,
one temporo-occipital, one anterior temporal. (G) MRA (3D TOF). Occluded right internal carotid artery cross-filling from left to right.

The lumens of arteries and aneurysms do not enhance after the aneurysm sac can be slow enough for some enhancement to be
administration of intravenous gadolinium-DTPA, because the apparent. Nevertheless the wall of the aneurysm, and sometimes
velocity of blood flow in arteries prevents detection of the effect of parts of organising blood clot, may enhance after intravenous
contrast medium. Occasionally, however, blood flow in an gadolinium. Calcification in the wall may be apparent as a thin,



Fig. 58.9 (A) Axial MR section (T2 -weighted) at base of skull. The right carotid and both vertebrals (lateral to the cord) show no signal due to normal
flow. The dilated left internal carotid shows dissection with high signal in the false channel due to low or no flow (arrow). (B) CT with coronal reformat
shows kinked vertebral artery arching high into left cerebellopontine angle (arrows) and compressing 7th nerve in a patient with facial tic.

CT Angiomas or arteriovenous malformations involving the brain
parenchyma or its overlying meninges may be demonstrated well
by CT. A distinction must be made between those presenting with
subarachnoid haemorrhage and those presenting with other
symptoms.

Patients with subarachnoid haemorrhage will usually show an
intracerebral haematoma recognisable by its characteristic density,
and blood may also be shown in the basal cisterns, ventricles or
sulci, as with a ruptured aneurysm. Direct evidence of the angioma
may be seen near the site of the haemorrhage and will consist of
features similar to those seen in patients without subarachnoid

haemorrhage.
This latter group of patients will show no obvious lesion in

1 0-20% of cases; this happens where the lesion is relatively small
and superficial. However, with the larger lesions the simple scan
may show characteristic appearances. The most typical of these are
serpiginous high-density shadows suggesting thrombosed enlarged
vessels or hypertrophied veins. Calcification, characteristically ring-
like or curvilinear and serpiginous, may also be shown in some
cases. The exact appearance of the vessels in a large angioma will
vary depending on the angle relative to the tomographic cuts.
Usually tubular or vermiform shadows may be recognised when cut

l ongitudinally, and rounded or ovoid shadows when transected.
The multiple vessels in a large lesion may give rise to a mottled

appearance (Fig. 58.10). There may be low-density areas adjacent
to or around the malformation, representing posthaemorrhagic cysts

or ischaemic brain.
After the injection of contrast medium the appearances become

more characteristic and the tortuous vascular shadows may be
easily recognised. Large lesions may penetrate deeply into the brain

are either the vertebral artery, the anterior inferior cerebellar artery,
or the posterior inferior cerebellar artery. Other cranial nerves
which may be affected by vascular compression include the VIIIth
nerve, giving rise to tinnitus and vertigo, and the lXth nerve,
l eading to glossopharyngeal neuralgia. Central hypertension and
even non-insulin-dependent diabetes has been attributed to neu-
rovascular compression of the medulla or vagus nerve.

usually discontinuous, rim of signal void, but is not as reliably

shown as on CT.
MR angiography (MRA) (Fig. 58.8C-G) and CT angiography

(see Figs 55.55.5 and 55.6) are being used increasingly to demon-

strate intracranial aneurysms, and because segmentation enables
single vessels to be viewed at multiple different projections, a better
demonstration of the aneurysm neck can often be obtained by these
non-invasive methods than by conventional angiography. Similarly,
it can be easier to distinguish possible aneurysms from loops. With
non-invasive techniques being increasingly used in practice,
patients are being operated on on the basis of these techniques
alone without formal angiography. However, doubt about the sensi-
tivity remains, and aneurysms below 3 or 4 mm in size may not be
detected. High-quality MRA is probably good enough to exclude
aneurysms which warrant consideration for prophylactic treatment,
but its role as a replacement technique in subarachnoid haemor-
rhage is currently being established (Fig. 58.8C).

Dissecting aneurysm
This can occur in the internal carotid artery, usually in its high cer-
vical portion, and has been discussed elsewhere (see Fig. 55.58B).

The lesion may be suggested or even caused by intra-arterial
angiography but is best demonstrated non-invasively by axial MR
sections (Fig. 58.9A) and direct angiography should be avoided for
diagnosis.

The theory that vascular compression at the Vth nerve root exit
zones can be a cause of trigeminal neuralgia was suggested by direct
observations at surgery. The compression is usually due to a kinked
branch of the superior cerebellar artery, and recent advances in
MRA have made non-invasive confirmation possible in these cases.

It is also now well recognised that the distressing condition of
hemifacial spasm can be due to kinked vessels arching into the
cerebellopontine angle and impinging on the facial nerve. In the
past we have demonstrated this with conventional CT (Fig. 58.9B),
and the lesion can now be shown by 3D helical CT, or even more
elegantly and non-invasively by 3D MRI. The arteries implicated
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Fig. 58.10 (A) Large temporal
angiomatous malformation. Note
mottled appearance. The dilated
vessels are of slight increased den-
sity and there are small 'cystic' and
l ow-density areas. (B) After contrast
medium, the dilated serpiginous
vessels are well shown. Major
drainage is to an aneurismal vein of
Galen. (C) Large occipital angioma.
CT shows mottled area of mixed
high and low densities with flecks of
calcification. (D) After enhancement
multiple dilated vascular shadows
are shown.

Calcification is rarely appreciable and cannot be distinguished
from flow void in small vessels. Large arteries and draining veins
are a particularly characteristic feature (Figs 58.12-58.14),
usually shown as signal void rather than flow-related enhance-
ment. There may be regional brain atrophy, or occasionally some

l ocal mass effect. Intracerebral haematoma may be shown in
or adjacent to the malformation, usually clearly evident on MR
as high signal on T,-weighted images. Frequently there are
areas of hyposignal on T,-weighted images, indicating tissue
haemosiderin. Sometimes high signal is shown extending into the
adjacent brain on T 2-weighted images, probably representing
i schaemic changes. Intravenous gadolinium-DTPA does not facil-
itate the detectability of these lesions on MR as does intravenous
i odinated contrast medium on CT.

7elangiectatic and cavernous haemangiomas are usually shown

clearly on MRI. They commonly appear as small circumscribed
l esions, hypointense on T,- and hyperintense on T,-weighted

i mages; the lesions generally look larger on T 2 - than on T,-
weighted images or on CT. A characteristic feature is the presence
of a hypointensc rim of variable thickness on T,-weighted images
i ndicating tissue haemosiderin, which suggests that the lesion is
vascular (Fig. 58.15). Calcification may not be appreciated.
Sometimes areas of recent haemorrhage may be shown, or the

like wedges, although the majority will be superficial. Most
angiomas produce little mass effect unless there has also been
a large haemorrhage. Nevertheless, it is possible to mistake
the appearances for gliomas or infarcts and the differential diag-
nosis should be borne in mind when the appearances are not

characteristic.
Although the diagnosis of angiorna may be certain on a CT scan,

most of these cases will require angiography before surgery in order
to define the exact anatomy of the feeding vessels and draining
veins.

Purely dural lesions, or dural AV fistulas, are difficult to detect

because of their proximity to the bony vault or base, although
i n a few cases enlarged drainage veins may be demonstrated

(Fig. 58.11).
The rare cavernous type of intracerebral angiorna, like a

thrombosed angiorna, may show clearly at CT but be invisible at
angiography.

The unenhanced scan shows a hyperdense lesion 2 or 3 cm in
diameter and with calcification in about 30% of cases. Unless
thrombosed, or after haemorrhage, the lesions show homogeneous
enhancement. When superficial they can resemble meningiomas hut
there is no oedema or mass effect.

MRI MR signal from arteriovenous malformations is variable,
but it may have a punctate appearance, especially on T,-weighted
images, due to signal void in relatively large abnormal vessels.

Fig. 58.11 Patient with proptosis and orbital bruit due to dural AV fistula. Fig. 58.12 (A,B) MR T 2 -weighted image shows an angioma lying with
CT shows grossly dilated superior ophthalmic vein. tortuous vessels mainly in the left temporal lobe.



Fig. 58.14 (A,B) Extensive bilateral AVMs are demonstrated on these two axial T 2 -weighted MR images. There are multiple enlarged superficial drainage
veins. (C) Axial MR shows transpontine venous angioma. (D) Angiogram shows abnormal drainage veins.

lesion presents as an intracerebral, cerebellar or brainstem Occasionally, arteriovenous fistulas may occur deep within the
haematoma. Intracerebral cavernomas usually do not enhance after brain and shunt into the great cerebral vein of Galen, or in infants
intravenous gadolinium, telangicctatic haemangiomas usually do. i nto an embryonal vein which becomes grossly enlarged and

Venous angiomas are simply aberrant venous drainage of one or appears as a pear-shaped area of signal void on axial T,- and
both cerebral hemispheres. They are shown on MRI as a slightly T,-weighted images (aneurysm of the vein of Galen). Hydro-
curved linear structure traversing cerebral substance, representing a cephalus and extensive ischaemic changes throughout the cere-
single draining vein into which numerous cerebral veins converge. bral white matter of the brain are frequent accompanying findings
They are often incidental findings, but may be associated with (Fig. 58.13A,B).
parenchyma) haemorrhage or focal brain damage (Fig. 58.14C,D).

Arteriovenous fistulas occur most commonly in the dura mater,

and drain extradurally via superficial veins which may he visible in
the dura, orbit or scalp, usually as areas of signal void, but sluggish

Ischaemic infarction is due to interruption of the blood supply to a
(low may result in flow-related enhancement. Occasionally, ducal

portion of the brain. It may he thrombotic, embolic or hypoxic but
arteriovenous fistulas drain intradurally, and enlarged tortuous cere-

the distinction cannot be made by imaging.
bral veins may then be visible. Dural sinus thrombosis may compli-
cate these lesions and the thrombus may then be visible as high CT The cardinal sign of infarction is an area of decreased attenu-
signal on T,- and T,-weighted images. ation within the cerebral substance. Typical locations are within

Fig. 58.13 MR study (T,-weighted). (A) Midline sagittal section. (B) Axial section. A large complex midline
angioma drains into an aneurismal vein of Galen, and there is a dilated straight sinus and aneurysmal torcular. (C)
MR study (T,-weighted). Right temporoparietal angioma supplied by hypertrophied middle cerebral artery.
(D) Coronal MR study (T,-weighted) of small left parasagittal angioma showing cone-like extension into brain.
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Fig. 58.15 (A) Sagittal midline MR (TI-weighted). Cavernous angioma of pons appears as in homogeneous mixed-signal lesion with peripheral low-signal
halo. (B) Axial section (T]-weighted) shows the lesion equally well. (C,D) Axial MR scans T2 -weighted show large haematoma, which showed cavernoma-
tous features on histology, on the right frontal lobe.

depending on the quality of the CT images. At first the margins of
the infarcted area are poorly defined, although a few infarcts are
clearly marginated from the outset. The density of the lesion
becomes progressively lower over the succeeding weeks, until
i t approaches that of cerebrospinal fluid in a mature infarct
(Figs 58.17-58.21). However, about 2 weeks after the onset, and

the known territory of a major vessel (e.g. the middle or posterior
cerebral arteries), or in the region of the basal ganglia and internal
capsule. So-called watershed infarcts may be seen at the margins
of a major vascular territory, e.g. the posterior frontal and parieto-
occipital zones (Fig. 58.16). Infarcts are often triangular in shape,
although they can appear rounded in axial cross-section. They
involve both the white and superficial grey matter, whereas vaso-
genie oedema (around a tumour, for example) usually affects
mainly the white matter.

This area of diminished density, accompanied by mild mass
effect, may be seen as early as 6 hours after the onset of symptoms,
hut in many cases is not clearly visible during the first 24 hours,

Fig. 58.17 CT shows basal ganglia calcification in a child with HIV/AIDS.
There are also small established vascular infarcts, the largest in the right
frontal region.

Fig. 58.16 CT shows watershed infarct at junction of LMCA and ACA
territory.



Fig. 58.20 (A) Axial section shows thrombosed right transverse
sinus with evidence of venous infarcts in temporal lobe. (B) Left
cavernous sinus occluded shows high signal around patent internal
carotid; axial MR section shows left proptosis.

Fig. 58.19 (A,B) MR axial sections showing infarcts in two different
patients (A) T2 -weighted. Right cerebellar infarct appears as high signal.

Fig. 58.18 Acute infarct. (A) Doubtful low-density in the left occipital (B) T1-weighted. Large areas of low signal in both hemispheres from
region. No mass effect. (B) Strong enhancement with contrast medium. embolic infarcts in a patient with hypertrophic cardiomyopathy. (C,D) MR
(C) Middle cerebral infarct. Mixed low-density and isodense lesion in right axial sections (T]-weighted) showing high signal from sagittal and trans-
parietal region. No mass effect. (D) Patchy enhancement after contrast verse sinuses which are thrombosed.
medium.

corresponding to a phase of resolution of oedema and of macrocytic of enhancement vary widely. They include total enhancement of the
and vascular infiltration, infarcts may be less evident than at other i nfarcted area, central enhancement and ring enhancement, and
times. Thus some infarcts may appear isodense at about the third such appearances can simulate a tumour or abscess. In some cases
week. In the lust week there is often some swelling of the affected purely cortical enhancement is seen and this is more specific. There
part of the brain, but persistent mass effect is rare, and eventually i s no clear relationship between the type of enhancement and the
there is loss of volume, with enlargement of the adjacent cere- prognosis,
brospinal fluid spaces in most cases. Complete healing is very rare. It has been suggested that infarcts which flood with contrast

Enhancement of an infarct may be seen after a few hours from medium will go on to marked necrosis. Since it is possible that the
the onset of symptoms, but is often not seen until some days have contrast medium may have a deleterious effect, administration in
passed. Such enhancement may be around the lesion, suggesting cases of obvious infarction is contraindicated. Occasionally, as noted
hypervascularity of the adjacent brain, or within it, indicating a above, enhancement may be the only definite indication of
breakdown of the blood-brain barrier (Figs 58.17, 58.18). Patterns i schaemia, the infarct itself being isodense with the surrounding
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Fig 5823 (A) Axial MR Tweighted child with AIDS mature right ACA. .
2

-
Fig. 58.22 MRA shows atheromatous irregularity of proximal segments and right MCA territory infarcts show as high-signal. (B) Axial MR T 2

-of right AC and right MC with MC branches largely occluded beyond the weighted shows small lacuna infarct in left internal capsule with mildly
trifurcation. i ncreased signal.

brain (Fig. 58.17). Such infarction is one of the very few situations
in which contrast medium injection may show previously undetected
l esions. The majority of infarcts will show enhancement at some
stage during the first 2 weeks though some do not (Fig. 58.I9A).
The proportion showing enhancement is related to the dose of con-
trast medium, being low with a small bolus (50 ml) but high with the
l arge-dose technique (300 ml by drip infusion). After 6 weeks,
however, persisting enhancement should suggest an alternative diag-
nosis, even though occasional cases are encountered with enhance-
rrrent persisting at 12 weeks.

A type of infarct whose appearances differ markedly from those
described above is the uncommon hacmorrhagic infarct. This is
commonest with a major embolus hut may also be seen with
patients on anticoagulants. There is patchy increased density
throughout the affected region, often with some mass effect, or
there may be haemorrhage at the cortical margins of the infarct
(Fig. 58.19B). The ability to differentiate this type of infarct is
i mportant in its contraindication to the use of anticoagulant drugs.
The CT appearances may resemble those of a haemorrhage or
haemorrhagic contusion rather than a simple infarct.

Venous and sinus thrombosis, either spontaneous, or more com-
monly in association with an inflammatory process, may lead to
i nfarction. In severe cases the white matter is predominantly
affected and the changes are often bilateral, showing as areas of

r

diminished density. The affected cerebral hemispheres are fre-
quently swollen and may show haemorrhages and marked contrast
enhancement. Increased density of the dural sinuses or cortical
veins with lack of the normal intraluminal enhancement may be
detected at CT (Fig. 58.22).

Transient ischaemic attacks (TIAs)
These have been generally regarded as being due to small emboli
arising from atheromatous plaques, which arc most commonly situ-
ated at the origin of the internal carotid artery. The causative lesions
are very well shown by angiography (see Ch. 56) and are amenable
i n some cases to surgical treatment. It is characteristic that the
symptoms are transient unless a major stroke supervenes, and CT
studies during the prodromal and TIA phase have proved focally
negative in most cases. It appears that the cerebral lesion, although
producing transient clinical symptoms, is not severe enough to
produce detectable focal CT changes.

However, it is increasingly being realised that mechanisms in
Fig. 58.21 MRA shows occlusion of left TIAs are multifactorial, and it can easily be argued that artery-to-
internal carotid at its origin. artery embolism is an infrequent cause. Modest benefit from surgi-

cal correction of a carotid stenosis has been shown in symptomatic
patients with a stenosis measuring greater than 70%. Both CT and
MRI in patients with TIAs show diffuse, rather non-specific,
i schaemic abnormalities in up to 40% of cases, often in basal
ganglia and white matter, and their relevance to the clinical symp-
toms is speculative.

MR1 T, and T, are prolonged in infarcted and severely ischaemic
tissue. This may be detectable a few hours after onset but is
usually not shown until after I-2 days. Infarcts commonly seem
more extensive than on CT (Fig. 58.23A,B), although changes
with time are less conspicuous so their age can be more difficult
to estimate. Moreover MRI may be less sensitive than CT at
detecting areas of haemorrhage within the first few days. Most
cerebral infarcts show enhancement with gadolinium-DTPA
towards the end of the first week, although earlier enhancement
has been observed.
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Cranial trauma is a major problem in accident and emergency
departments and in one series provided 10% of the patients seen. It
i s also responsible for 150 000 hospital admissions per year in the
UK.

It is not necessary for every patient who suffers a head injury to
undergo a CT scan. In the acute phase, the indications are deteriora-Fig. 58.25 Diffusion MR shows recent small left frontal cortical infarct.

Fig. 58.26 (A) MRI shows large area of right hemisphere with high signal.
(B) MRA shows occlusion of right internal carotid artery.

mismatch, as it is often called, is believed to be the ischaemic
penumbra of potentially salvageable but at risk tissue (Figs 58.25,
58.26).

Venous infarction in brain substance appears similar to arterial
infarction although it is not confined to arterial supply territories. It
is commonly haemorrhagic but this may not be apparent on MR
i mages within the first few days. Bilateral involvement is also rela-
tively characteristic when present. It may be possible to diagnose
the condition directly by recognizing signal changes in the dural
sinuses and larger cerebral veins. In general, signal from within the
l umen of the thrombosed vein is higher than expected, and higher
than normal veins in the vicinity.

Hypoxic ischaemic brain damage
Global hypoxia, hypotension or hypoglycaemia can damage the
whole brain, usually but not always symmetrically. It is seen most
often in the newborn. Two patterns are recognisable in the newborn
on CT and MRI: acute asphyxia for more than 6 minutes results in
signal changes in the thalami (not basal ganglia) and sometimes
also the peri-Rolandic regions of the cerebral hemispheres; partial
asphyxia (hypoxic ischaemic brain damage) results in periventricu-
l ar leucomalacia in premature infants and more peripheral cortical
watershed infarcts in full-term infants. In adults, patterns vary from
total cerebral infarction to predominantly white matter infarction,
cortical watershed or white matter terminal zone infarction, basal
ganglia infarcts (especially globus pallidus), and pure cortical
damage in cerebral hemisphere or cerebellum such as in severe
hypoglycaemia. Severe clinical disability can occur with little or no
changes on CT or MR.

Fig. 58.24 (A,B) Perfusion MR. Occlusion of right internal carotid artery.

Sometimes an occluded artery is visible on MRt. Arteries nor-
mally show signal void, and the presence of signal from within the
lumen of an artery suggests that it is thrombosed or has pathologi-
cally slow flow, due either to proximal severe stenosis or occlusion
more distally.

Chronic ischaemic change in the white matter is seen in over
50% of patients over the age of 60 years. This is usually shown as
areas of multifocal or confluent signal change in the cerebral white
matter. CT is much less sensitive than MRl at detecting these
changes. Only large areas of signal change have corresponded to
areas of macroscopic cerebral softening. The smaller areas, and
especially those close to the lateral ventricles, have been associated
with textural changes in the tissue accompanied by a reactive astro-
cytosis presumed to be of ischaemic origin. The clinical signifi-
cance of these lesions with regard to both pathogenesis and their
relation to transient ischaemic attacks, stroke and dementia has yet
to be adequately elucidated.

Diffusion MRI now enjoys considerable clinical use, especially
i n recognising infarction, the first 3 days or so. In this period diffu-
sion is restricted, so that the area yields high signal on diffusion
weighted images and low signal on apparent diffusion co-efficient
maps (ADC maps) (Fig. 58.24). This reverts to increased diffusion
over time to variable degrees. Perfusion imaging often shows a
larger area of reduced regional blood flow than indicated by spin-
echo and diffusion weighted MRI; the area of perfusion-diffusion,
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tion of the patient's conscious level, with or without focal neurolog-
ical signs. Sedation and/or general anaesthesia should be employed
without hesitation when indicated, since the recently traumatised
patient may be very restless.

Extradural haematomas These are seen as biconvex high-density
areas immediately subjacent to the vault (Fig. 58.27A). They are
most frequent in the frontoparietal regions, but may occur in the
posterior fossa, when they are particularly likely to be missed if the
CT scan is of poor quality. Occasionally less dense areas appear
within them, perhaps due to unclotted blood, and if they should
recur after surgery the classic shape may be lost. The lateral ven-
tricles are characteristically displaced to the contralateral side, and
there is usually some swelling of the affected cerebral hemisphere,
although obvious oedema may not be apparent.

Subdural haematomas The appearances vary considerably
depending mainly on age. The acute subdural haematoma, i.e.
within 48 hours of the injury, can sometimes closely resemble
the acute extradural lesion, but is more frequently concavoconvex,
spreading over the surface of the cerebral hemisphere
(Fig. 58.27B). In the acute stage, the haematoma is usually of
high density, often situated in the frontoparietal regions or middle
cranial fossa, and associated with ipsilateral brain swelling.

Subdural collections are generally of higher attenuation than
brain for about 2 weeks, and after 3-4 weeks are of lower attenua-
tion, eventually approaching that of CSF (Figs 58.28, 58.29).

Between 2 and 4 weeks after injury, however, they pass through a
stage when they are isodense with the underlying brain. Isodense
haematomas (Fig. 58.30) can present major problems in diagnosis,
as the lesion is not directly visible, and it may be necessary to rely
on indirect signs. The problem was most marked with older scan-
ners but is still occasionally seen with modern scanners, particu-
larly with uncooperative patients. The indirect signs include
ventricular or pineal displacement, and absence of visible sulci on
the affected side; the former sign will, however, he absent in the
not uncommon case of bilateral lesions. Squeezing together of the
frontal horns, to give a `rabbit's ears' appearance, and effacement of
the basal cisterns may suggest the diagnosis when bilateral isodense
lesions are present. Intravenous iodinated contrast medium may
help by causing enhancement of the capsule of such haematomas
but this is not invariable. With high doses of contrast medium,
however, isodense subdurals can be identified because the surface
of the brain is usually clearly outlined (Fig. 58.30B). Subdural
haematomas of mixed density, probably indicating fresh bleeding
i nto a chronic lesion, may be seen. With the patient in the supine
position, the denser blood tends to sink to the posterior, dependent
portion of the lesion, giving rise to a fluid level.

Very longstanding chronic subdural haematomas are invariably
of low attenuation. They may be associated with atrophy of the
underlying brain and occasionally with expansion and thinning of
the skull vault. They should not be confused with cases of post-

Fig. 58.27 (A) Acute extradural haematoma. High-density biconvex mass
i n right occipitoparietal region with mass effect following trauma (L34,
W75). (B) Acute subdural haematoma. Superficial high-density concavo-
convex lesion (arrows) with marked mass effect.

Fig. 58.28 Subdural haematoma 3 Fig. 58.30 (A) Isodense subdural. Note mass effect and effacement of
weeks after onset. The clot is largely sulci which suggest diagnosis prior to contrast medium. (B) Post-
absorbed and the subdural fluid is now enhancement scan of another isodense subdural. The lesion stands out
of low density. against the enhanced surface of the brain.



Fig. 58.31 (A) Subcortical traumatic haematoma. (B) Haemorrhagic
contusions in right frontal region. (C-D) Multifocal haemorrhages and
contusions in both hemispheres.

brainstem. It is also more commonly associated with low-density
areas and brain swelling, even in the acute stages. The blood may
extend to the ventricles or the subarachnoid space. Purely intra-
ventricular haemorrhage is uncommon as a result of trauma.
Subarachnoid haemorrhage is, however, relatively frequent,
although often overlooked. It is commonly manifest as a line of
high attenuation alongside the falx, especially posteriorly.

Retrobulbar or subperiosteal orbital haematomas are readily
diagnosed in the context of head trauma as high-density lesions
within the orbits or applied to the hone. Without a history of head

injury, the differential diagnosis is that of a retrobulbar mass.
It is also possible to demonstrate soft-tissue extracranial haemor-

rhage in the acute stage.

Cerebral contusion and oedema Two types of cerebral contu-

sion may be detected by CT scanning: haemorrhagic and non-
haemorrhagic. The latter may be impossible to distinguish from
focal cerebral oedema due to other causes.

Haenxrrrhagic contusion ( Fig. 58.31 B-D) is commonly seen in
the frontal and temporal lobes, although any part of the cerebrum,
cerebellum or brainstem may be affected. It appears as a mass
lesion of mixed high and low density not dissimilar to multifocal

traumatic haemorrhage, but generally more diffuse-the area of
swelling may be very extensive. The haemorrhagic areas may not
be evident in the very acute stage, occurring only 24 hours or more
l ater.

Non-haemorrhagic contusion (Fig. 58.32A,B) cannot reliably be

distinguished from cerebral oedema, but tends to be more focal and
space-occupying. Considerable enhancement may he seen with
i ntravenous contrast medium; this does not occur with oedema.

Diffuse brain damage About 50% of patients who suffer imme-
diate prolonged unconsciousness following a head injury have no
obvious mass or focal lesions of the types just described; this is
true of about one-third of fatal cases. In these patients the lesions
present have been classified into four types:

1. Multiple petechial haemorrhages
2. Diffuse axonal injury
3. Brain swelling
4. Hypoxic brain damage.

Multiple petechial haemorrhages This type of injury is seen

throughout the white matter and brainstem and is rapidly fatal. It
is therefore more likely to be seen at postmortem than in an
i maging department.

Diffuse axonal injury (white matter shearing) This severe

i njury may show virtually no macroscopic change in the affected
brain. There is disruption of axons in the subcortical parasagittal

white matter and in various other sites, including the internal and
external capsules, fornix and cerebellum. It is claimed to result
from acute lateral acceleration or deceleration of the brain within
the rigid cranium and can occur without anything actually striking
the head. It occurs most commonly in automobile accidents.

The patient is unconscious from the moment of impact and
remains unconscious, vegetative or severely disabled until death.
Despite the severe brain damage and the very grave state of the

patient there may be little or nothing shown at imaging.
Small focal haemorrhages have been described in the corpus cal-

l osum and in the posterolateral quadrant of the rostral brainstem
and such lesions could theoretically he demonstrated, as can small

traumatic hemiatrophy, in which the affected hemicranium is the
smaller.

CT scanning is invaluable in the management and follow-up of
both extra- and subdural haematomas, since it permits the detection
of residual or recurrent lesions, of undiagnosed contralateral
haematomas, or the presence of infection. Infection may be sug-
gested by loculation of air within the haematoma cavity, by increase
in density of the fluid contents, and by marked enhancement of the
capsule.

Calcification of the capsule may occur in chronic lesions, without
or without complications such as infection.

Subdural collections also are well shown by MRI, and FLAIR
may occasionally be helpful in distinguishing chronic subdural col-
l ections from wide subarachnoid spaces. On coronal images, sub-
dural collections exhibit a biconvex shape, like extradural
collections.

CT is also invaluable in the diagnosis and management of
extracrebral fluid collections which may occur as a complication of
neurosurgery (Fig. 58.29).

Traumatic intracerebral haematomas It may be impossible to
distinguish these from spontaneous intracerebral haemorrhage,
and in this context even the history may be unhelpful. The frontal
and temporal lobes are classic sites, which are less commonly
affected by spontaneous episodes (Fig. 58.31 A). Both types are of
high density, but traumatic bleeding is more frequently multifocal
and in cases with a poor prognosis may be seen to involve the
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show little in the early stages but later will demonstrate evidence of

i nfarction.

Skull fractures Fractures are, in most instances, best diagnosed
by a combination of clinical features and plain radiography.
However, basal fractures, which are often difficult to demonstrate
or to assess fully by these means, may be shown very clearly by
CT scanning.

Depressed fractures can be clearly demonstrated and their rela-
tionship to the underlying brain better shown than by plain X-ray
films (Fig. 58.33A,B). However, the chief value of the CT scan is in
the assessment of underlying brain damage and haematoma

formation.

I ntracranial air Whether subdural or subarachnoid, air is well
shown by CT and implies a dural tear communicating with a sinus
or other air-containing cavity. Intracerebral air (aeroccle) is also
well shown and its site of origin can be identified prior to surgery
(Fig. 58.33C,D).

Foreign bodies I ntracranial foreign bodies may be accurately

l ocalised by CT scanning. The value of the technique is in the
demonstration of the position of the foreign body relative to, and

Fig. 58.32 (A,B) Cerebral trauma. Contusions in left temporal lobe.
(C) Subcortical small haemorrhages associated with shearing injury, and a
few large haemorrhages. (D) Head injury in a child. There is cerebral
oedema mainly on the right, associated with compression of the ventricles
and some shift to the right.

subcortical haemorrhages (Fig. 58.32C). Susceptibility weighted
( T2*) MRI is most sensitive at detecting haemorrhage, including

old haemorrhage.

Brain swelling Diffuse swelling of the entire brain occurs
mainly in children and adolescents. The pathogenesis is debated
and it is thought to be due to vasodilatation and increased cerebral
blood volume in the first place. This is recoverable, but if it per-
sists for any length of time true oedema may follow.

Diffuse swelling of the ipsilateral hemisphere can also occur with
l ocal and mass lesions described above, including acute subdural
haematoma and extensive unilateral contusions. Focal oedema may
also occur with haemorrhages and contusions.

With diffuse bilateral swelling the ventricles are compressed and
appear small, like slits, at imaging; the basal cisterns may be
occluded and the sulci effaced. The white matter shows no reduc-
tion in density and appears normal at CT, although evidence of
oedema may be seen in cases with prolonged coma (Fig. 58.32D).

Hypoxic damage This is due either to a prolonged drop in sys-

tolic blood pressure, or to arterial spasm, or to both. Evidence of
hypoxic damage is seen in the first place at major arterial bound-
ary zones, and frank infarction may later ensue.

Hypoxia and subsequent infarction may also result from brain
swelling and tentorial herniation compromising the posterior cere-
bral circulation, or from trauma to major vessels. Imaging may

Fig. 58.33 (A) Depressed fracture in the left temporal region with under-
lying haemorrhagic contusions (134, W75). (B) Same case at higher level (L)

to show bone detail (L128, W75). (C) Frontal aerocele. (D) Bone window film
showing frontal fracture and connection with top of frontal sinus.



These may include:

1. Cerebral infarction
2. Cerebral atrophy
3. Hydrocephalus

Fig. 58.34 Subdural haematoma shown by MR
(T1-weighted) as high signal overlying left hemi-
sphere. (A) IR 1400/400 (B) SE 1400/40 (Courtesy of
Dr Graeme Bydder).

Fig. 58.35 Post-traumatic por-
encephalic cyst or encephalo-
malacia. Large cortical and
subcortical defect in the left
frontal region several years after a
severe head injury.

4. Infection
5. Aerocele
6. CSF fistula.

its effects on, the intracranial structures, features which cannot be
seen on plain radiographs. Good demonstration of the relation-
ships of metallic objects may, however, be prevented by the result-
ing artefacts. Wooden fragments may appear less dense than brain.

1. Cerebral infarction. Vascular occlusion or spasm caused by
trauma to the head or neck may cause cerebral infarction, the
appearances of which are indistinguishable from those of cerebral
infarction arising from thromboembolic lesions. Infarction can on

Cerebral contusions These appear on MRI as regions of poor rare occasions follow some weeks or months after trauma to the
grey/white matter discrimination on T,-weighted images and as great vessels of the neck.
ill-defined areas of hyperintensity on T2 - weighted images, 2. post-traumatic atroph. This can be focal or generalised. It
changes which become apparent within a few hours of injury. may clearly reflect cerebral' infarction, affecting a known vascular
Haemorrhagic contusion may not be recognised as such within territory, or affect one cerebral hemisphere. If the latter occurs in
the first few days of injury, and traumatic intracerebral infancy or childhood or from perinatal trauma, the whole hemicra-
haematomas, which can appear a few days after the traumatic nium may be underdeveloped. The appearances are those of cere-
event, may also not be easily detected initially. The amount of bral atrophy. There is enlargement of the fissures and sulci and
mass from the cerebral contusion, and the size of any associated ventricular dilatation. Porencephalic cyst cavities may be present,
haemorrhages, tend to increase in the first few days and subse- whose communication with the ventricular system may or may not
quently diminish. CT may be better at recognising haemorrhages be obvious (Fig. 58.35).
in the first few days. 3. Hydrocephalus. Ventricular enlargement commonly occurs in the

Generalised brain swelling and hemispheric swelling, which subacute phase after head trauma. It may then resolve or become pro-
occurs particularly in children, are not necessarily associated with gressive and symptomatic. In the early stages, development of hydro-

 any signal changes in the brain, and diagnosis can be difficult. The cephalus may be difficult to distinguish from resolution of generalised
ventricles are small but this does not necessarily mean brain cerebral swelling. Enlargement of the temporal horns strongly sug-
swelling. The cisterns around the brainstem may also be obliter- gests the former, but further follow-up is indicated.
ated; this is perhaps a better guide. Such changes are best detected
on T,-weighted spin-echo images.

Extracerebral haematomas MRI is superior to CT at demon-
strating extracerebral fluid collections. Although initially the

extracerebral collection may be isointense with adjacent brain, the
displaced cortex is usually clearly evident, especially on axial or
coronal images (Fig. 58.34). The extracerebral collection becomes
progressively more hyperintense on T i -weighted images, which
increases its conspicuity.
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Abscesses may be pyogenic, tuberculous, fungal, or parasitic.
Pyogenic abscesses are the most frequently encountered in clinical
practice, and due to improvements in diagnosis and treatment of
bacterial abscesses the mortality rate has fallen to approximately

1 4%. Although cerebral abscesses may occur at any age, they arc
most common in the first four decades of life and males are more
commonly affected than females. They are either secondary to local

Fig. 58.36 CSF fistula. CT cisternography. Direct corona) sections with
or haematogenous spread, resulting from cardiac, paranasal sinus

patient prone. Soft tissue (A) and bone (B) window. Contrast medium has or aural disease, but may occur as a result of suppurative chest dis

entered an empty sella. Pituitary stalk is arrowed. Bone window shows level eases such as bronchiectasis, lung abscesses or operations.
of contrast fluid in the sphenoid sinus on the left. Intravenous drug users also have an increased incidence of cerebral

abscesses, as do immunocompromised patients.
Cerebritis and abscesses may occur anywhere in the brain and

the subdural space may also become involved. The temporal lobe
4. Infection may follow penetrating injury or fractures involving and cerebellum are commonly affected as a result of suppurative

air cavities. otitis media or mastoiditis and implicated organisms include
5. Aerocele has been mentioned above and may require urgent Bacteroides and Streptococcus. Septic thrombophlebitis of the

treatment, as there may he progressive enlargement causing further draining emissary veins may also result in abscess formation.
damage to the compromised brain (Fig. 58.33C,D). Bilateral frontal abscesses clearly implicate the frontal sinuses or

6. CSF fistulas resulting from basal fracture are notoriously diffi- face and scalp as a source of infection. Untreated dural tears involy-
cult to localise and may require CT cisternography (Fig. 58.36) or i ng the anterior cranial fossa may also result in frontal abscesses
radionuclide cisternography (see below). and here the implicated organisms are most commonly Sirepto-

Fig. 58.37 (A,B) Cerebral
abscess. (A) Low-density lesion in
occipital region with some mass
effect. (B) After contrast medium,
note thin ring of enhancement
round the abscess with oedema
anteriorly. (C) Multiple abscesses
i n frontoparietal area showing
capsular enhancement after
contrast medium (L34, W75).
(D) Capsular enhancement in
bilocular abscess. (E,F) Otogenic
abscess in left posterior temporal
region with thick enhancing cap-
sule and oedema posteriorly.



Fig. 58.38 (A) Axial T2 - weighted image of a left parietal abscess
and associated vasogenic oedema. The central contents are hyperin-
tense but the low-signal rim is thought to be secondary to the para-
magnetic effects of the free radicals present. (B) Axial post-contrast
CT in a child demonstrating bilateral low-density subdural empyemas
with enhancement of the inner membranes.

coccus, Bacteroides and Staphylococcus aureus. CT may provide hyperintense to CSF on T,-weighted images. On unenhanced

more direct evidence by showing opaque sinuses or air cells, or images the collagenous capsule is commonly isointense to

bone defects. In children, congenital malformations such as slightly hyperintense on T,- and hypointense to brain on T,-

meningomyeloceles, encephaloceles, ectodermal defects and cyan- weighted images, and these signal characteristics are probably

otic heart disease frequently predispose to abscess formation. attributed to the presence of paramagnetic free radicals. As with

Cerebritis precedes abscess formation whereby the organism CT, the abscess capsule usually enhances strongly on MRI and

involved results in an area of parenchymal softening with necrosis, administration of intravenous gadolinium is also important in

oedema, vascular congestion, petechial haemorrhage and an inflam- recognising whether the abscess cavity is unilocular or multilocu-

matory exudate. On imaging, early cerebritis is better demonstrated l ar. Associated disease in the paranasal sinuses may also be

with MRI than CT, whereby the affected area is hyperintense on T, visible on images.

proton density of FLAIR sequences, and hypointense on T,. There Although the sensitivity of MRI is greater than CT in detecting

is often associated mass effect and heterogeneous contrast enhance- an abscess, the radiological differential of a ring-enhancing lesion

ment. As the cerebritis progresses an abscess develops once there is i ncludes primary and secondary brain neoplasms, lymphoma, septic

a central, liquefied necrotic zone, which is surrounded by a collagen and aseptic infarcts, resolving haematoma, thrombosed aneurysm

capsule and zone of gliosis. The capsule is often less well formed and tumefactive multiple sclerosis plaques. Recent studies with dit-

on the side closest to the ventricle, probably an effect of differential fusion-weighted imaging seem promising in differentiating an

blood supply, and tends to be thinner and more uniform than that of abscess from a liquefied/cystic tumour, as the former is of hyperin-

a cystic or necrotic tumour. Abscesses can he unilocular or multioc- tense signal with a reduced apparent diffusion coefficient (ADC)

ular and those that result ft-om haematogenous dissemination of an due to viscosity of the cavity contents, and tumours have increased

organism tend to he located at the grey-white matter interface, free diffusion of water, hence an increased ADC.

usually in the frontal or parietal lobes. Ventrieulitis/ependymitis Ventriculitis is an uncommon but
potentially serious infective process of the cerebral ependyma. It

CT The CT scan will show an area of low density in the large may follow spontaneous or iatrogenic rupture of an abscess into
majority of cases, and injection of intravenous contrast medium the ventricles, and may sometimes result from leptomeningitis or
will demonstrate the abscess capsule as a thin-walled regular ring from shunt infection. It is characterised at CT or MRI by linear
of enhancement (Fig. 58.37A,B). Occasionally it may be clear contrast enhancement outlining the ventricular wall. Ventriculo-
that the lesion is multilocular (Fig. 58.37C,D). The capsule may megaly, septation and compartmentalisation of the ventricles may
sometimes be seen as a ring of increased density before enhance- also be seen and there may be associated reactive transependymal
ment, but this is not a general feature of abscesses. oedema. Abnormally swollen choroid plexi. indicative of a

Gas may he present adjacent to or within an abscess; it usually choroid plexitis, may also he a feature. In chronic ventriculitis
i ndicates that the cavity has been tapped, but in rare cases is present parenchymal periventricular calcification may be present and this
preoperatively, when it may indicate either infection with gas-forming is particularly seen in neonatal ventriculitis, classically in associa-
organisms or, more commonly, a fistulous connection with the exterior. tion with the TORCH infections.

There is usually some mass effect but this may not be marked in
relation to the extent of the oedema. Extension of the inflammatory Meningitis This is an infective/inflammatory process of the dura

process to the ventricular system is a had prognostic sign. After mater, leptomeninges (pia and arachnoid maters) and the cere-

successful tapping of the abscess, enhancement of the capsule may brospinal fluid within the subarachnoid space. It may be associ-

persist for some months. ated with underlying cerebral parenchymal inflammation
meningoencephalitis. The overall mortality for meningitis in

MR1 The appearances of an abscess on MRI will vary according adults is 19%. As with cerebral abscesses, meningitis can be
to the stage of the lesion. The central zone of liquefying necrosis classified as aseptic (usually viral), acute pyogenic (usually bac-
i n a mature abscess is similar to that of CSF and the surrounding terial) and chronic (any infectious agent including fungi and
brain oedema on Tz - weighted images (Fig. 58.38A), slightly parasites).
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occur secondary to surgery or penetrating trauma. On CT and MRI
the fluid collection is usually of slightly higher density and signal
i ntensity than CSF and the involved dura is markedly thickened and

enhances. The underlying brain is usually normal, as the dura pre-
vents intracranial dissemination of the infection, but with advanced
cases retrograde thrombophlebitis may occur.

Central nervous system infection with the bacillus Mvcobacterimn
tuberculosis hominis occurs with increased frequency in the
i mmunocompromised population, including those with HIV infec-
tion, alcoholics, drug abusers, the poor and the aged. Spread to the
CNS is most frequently haematogenous and intracranial manifesta-
tions i nclude leptomeningitis, pachymeningitis. ccrebritis,
abscesses and tuberculomas.

Tuberculous meningitis (TBM) primarily affects the basal
meninges, resulting in a thick proliferative arachnoiditis and
meningeal exudate, which may result in varying degrees of com-
municating or even obstructive hydrocephalus. Traversing arteries
and veins may become involved, resulting in a vasculitis. On CT
the basal cisterns are obliterated by an isodense or hyperdcnse
exudate, and postcontrast there is avid enhancement of the basal
meninges extending into the ambient, sylvian, pontine and chias-
matic cisterns. The meningeal enhancement may extend over the
cerebral and cerebellar hemispheres. Hydrocephalus is present in
45-87% of patients at the time of diagnosis, although usually no
detectable signal abnormality of the meninges on unenhanced MR
sequences is present.

MRI i s more sensitive for the detection of the meningeal

enhancement and any additional parenchymal changes that may be
present. Infarcts due to vasculitis are most frequently seen in the
basal ganglia due to involvement of the perforating arteries but also
occur in the cerebral cortex, pons and cerebellum, and up to 50% of

patients with TBM may have infarcts on MRI. The radiological dif-
ferential of TBM includes pyogenic, carcinomatous and fungal

meningitis as well as neurosarcoid.
Granulomatous basal meningitis is a relatively uncommon pre-

sentation of TBM. The diffuse granulomatous involvement of the
basal meninges commonly results in visual disturbances and com-
pression of the optic nerve and chiasm. On CT there is dense basal
meningeal enhancement in association with irregular enhancing

nodular masses. On MRI this granulomatous process exhibits low
signal on T, and is isointense to brain on T,-weighted sequences
and enhances postcontrast.

Chronic tuberculous leptomerningilis can rarely result in a pachy-
meningitis, with the dura of the cavernous sinuses, floor of middle
cranial fossa, cerebral convexities and tentorium involved. The
affected thickened dura may be calcified, on non-contrast CT it is
hyperdense and on MRI it is isointense to hypointense on T, and
T-weighted sequences and enhances avidly.

Intracranial tuberculomas may be single or multiple, of variable
size and situated above or below the tentorium (Fi( , . 58.39A,B).
Brainstem involvement is infrequent, accounting for 2.5-8% of

i ntracranial tuberculomas, and other uncommon sites include the
cavernous sinus, sella turcica, suprasellar cistern and hypothalamus.
There may or may not be an associated tuberculous meningitis. The
tuberculous focus starts off as an area of cerebritis and at this stage
it is of low density on CT and hyperintense on T,-weighted MR

The role of imaging in meningitis is largely to detect complica-
tions such as hydrocephalus, venous thrombosis and infarction, as
often in early uncomplicated meningitis imaging may be normal.

Viral meningitis This is usually a self-limiting infection and the
most common pathogen is an enterovirus, commonly echovirus,
coxsackievirus and non-paralytic poliovirus. In most cases CT and
MRI are normal, unless associated with a viral encephalitis. Brain
swelling and meningeal enhancement may be seen in some cases.

Pyogenic meningitis The causative organisms will vary accord-
i ng to the age of the patient; in neonates these will often be
Escherichia coli and the group B streptococci, whereas in older
children Haemophilus influenz,ae i s more common; in young
adults Neisseria meningitidis i s most frequently encountered,
whereas in elderly patients it is Strep. pneumoniae. In early cases
of pyogenic meningitis there may be obliteration of the basal cis-
terns and cerebral and cerebellar sulci due to the presence
of an inflamnmatory exudate and brain swelling. After contrast
administration there may be either dural or leptomcningcal
enhancement, and both of these are easier to appreciate on MRI
than CT.

Communicating hydrocephalus is the most common complica-
tion associated with meningitis, resulting from blockage of the CSF
flow and resorption pathways by debris, mainly at the level of the
arcahnoid villi. Leptomemingeal-ependymal fibrosis may he a later
complication resulting in irreversible communicating-obstructive
hydrocephalus. Subdural effusions are also sometimes demon-
strated in patients with acute meningitis and these may be infected
or sterile. Most commonly they are sterile hygromas, and presum-
ably these are either secondary to irritation of the dura or subdural
veins by the infectious agent.

Subdural abscesses (empyemas)
These are usually secondary to bacterial or fungal disease of the
calvaria and subdural space, and frontal sinusitis is in fact the most
common cause of a subdural empyema. Although small collections
may he largely obscured by the overlying bone, the cerebral con-
vexities and interhemispheric fissure are the most common loca-
tions; on CT these are seen as crescentic or lentiform collections of
variable attenuation (usually reduced), whose margins, and occa-
sionally contents, enhance markedly (Fig. 58.38B). The inner
enhancing membrane represents an inflammatory membrane of
granulation tissue on the leptomeningeal surface. Hypodensity of
the adjacent brain may result from secondary thrombophlebitis of
the subdural bridging veins, resulting in venous infarction. MRI
may he useful in differentiating a sterile from an infected subdural
collection, as the former is likely to he isointense to CSF on T,,
whereas the latter is more hyperintense due to proteinaccous con-
tents. The enhancing internal and external inflammatory membranes
are easily appreciated with MRI. When subdural empyemas are
adjacent to the tentorium, coronal sections may be indicated to
show whether the lesion is supra- or infratentorial. They arc readily
detected by coronal MRI, especially on T,-weighted images, where
the collection is variably hyperintense with respect to normal brain.

Epidural abscess (empyema)
When associated with meningitis, these are usually the result of
direct extension from an external source such as the frontal sinuses,
petromastoid air cells and middle ear cavity, but they may also



Fungal infection of the CNS is only rarely seen in healthy people.
In these cases it is usually spread by the bloodstream from a
primary focus in the lungs or elsewhere in the body and a chest
radiograph may show evidence of a primary fungal infection or of
an opportunist infection.

Most cases occur in patients whose resistance to infection is
lowered by conditions such as leukaemias, lymphomas, malignant
disease, or AIDS, or by prolonged use of antibiotics, steroids, cyto-
toxic drugs or immunosuppressive agents.

The commonest fungal infections are candidiasis and cryptococ-
cosis. They can give rise to granulomatous meningitis as well as
parenchymatous abscesses or granulomas. Mucormycosis may
complicate uncontrolled diabetes or acute leukaemia.

Fig. 58.40 Tuberculomas in right frontal region with nodular enhance-
The infecting fungus can also be one of the usual human

ment (A) and upper midbrain with ring enhancement (B). (C) Sagittal pathogens, such as the fungi of aspergillosis, actinornycosis or

reformat of midbrain lesion. Note infundibulum and pituitary gland well histoplasmosis. Blastomycosis, coccidiomycosis, cladosporiosis,
shown. nocardiosis and rarer fungal infections have also been recorded.

Fig. 58.41 Axial T 2 - weighted image (A) showing a hypointense caseating
tuberculous granuloma in the right frontal lobe in association with vaso-
genic oedema. The lesion is situated at the grey-white matter junction and
on the postcontrast T, axial image (B) has a multiloculated ring enhancing
appearance.

geneous enhancement. As caseation occurs, the granuloma becomes
isodense or slightly hypodense on CT. On MRI the caseating granu-
loma is isointcnse to hypointense on T, but also now hypointense

Fig. 58.39 Tuberculoma. (A) Isodense lesion with surrounding oedema. on T, weighted images. The lesion now shows ring-enhancement
(B) Mixed enhancement after contrast. (C) Tuberculomas. Two small lesions
with thick ring enhancement ([40, W80). (D) Small brainstem tuber- on both CT and MRI and perilesional oedema remains. The radio-

culomas with ring enhancement anterior to dilated fourth ventricle. l ogical differential of such ring-enhancing lesions includes abscess.
neurocysticcrcosis, glioma, metastases, lymphoma and other granu-

images. although there may not be any T, signal change or lomatous processes such as sarcoid (Figs 58.39-58.41, 58.42A,B).
enhancement. The cerebritis then progresses to a focal non-caseat- With disseminated miliary tuberculosis, multiple enhancing
i ng granuloma, which is isodense or mildly hyperdense on CT, stir- small (<5 mm) granulomas are seen scattered throughout the brain
rounded by perilesional low-density oedema. Postcontrast there is and sometimes these lesions may become calcified in the long term.
dense nodular enhancement. On MRI these solid granulomas are Tuberculous abscesses are rare, and usually on imaging a single
isointense to hypointense on T, and hyperintense on T, with homo- supratentorial abscess is seen at the grey-white matter interface,

which has a hyperdense rim and low-density centre on CT. On MRI
the abscess wall is slightly hyperintense on T,- and hypointense on
T,-weighted images, with the central contents being hypointense
and hyperintense, respectively. There is irregular dense enhance-
ment of the wall and a large amount of associated perilesional
oedema (Fig. 58.42C,D).
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Fig. 58.42 An irregular enhancing tuberculoma is shown within the pons on the postcontraxt axial T,-weighted MR i mage. (A) The lesion is of relatively low
signal on the T

2
axial image (B) and there is extensive vasogenic oedema and some modest mass effect with distortion of the 4th ventricle. Axial T 2 - weighted MR

(C) demonstrating third and lateral ventricular hydrocephalus with transependymal oedema around the occipital horns. This was secondary to tuberculous
meningitis. On the coronal T, postcontrast image (D) there is nodular meningeal thickening and enhancement around the brainstem and cerebellum.

distended with mucoid material from the yeast. Although these
cyptococcomas can he associated with slight mass effect, they are
not usually associated with any vasogenic oedema or enhancement.
Miliary'cryptococcal garantdomas may also occur in the immuno-
compromised population, but less commonly than the pattern of
basal ganglial cryptococcomas.

I mnnrnocompetent patients, however, more commonly present
with cryptococcomas that enhance after contrast medium.

Candidiasis This yeast is normally present as part of the gas-
trointestinal flora: with disseminated haematogenous spread. the
most commonly involved organs are the kidney and the brain, and
the frequency of CNS involvement in the setting of disseminated

disease is up to 50Y Y e. CNS candidiasis can give rise to a spectrum
of radiological appearances including tnenin`gitis, meningocn-
cephalitis, microabscess, abscess and granuloma formation as
well as ependymitis: mycotic aneurysms as well as vascular inva-

Cryptococcocal infection This is the most common fungal infec-
tion of the CNS, particularly affecting patients with AIDS. The
fungus is ubiquitous encapsulated yeast, most commonly found
i n the soil, thus entry into the body is via inhalation. Imaging
findings in patients with CNS cryptococcosis are variable, and in
patients who have meningitis are often negative. The most
common imaging finding is a communicating or obstructive
hydrocephalus, which occurs more commonly in immunocompe-
tent patients (25%) compared with inununocompromised patients
(9%). probably due to an inability to mount an adequate immune
response in the latter: thus leptomeningeal enhancement is only
rarely seen ( Fi( , . 58.43A,B).

Low-density non-enhancing lesions in the basal ganglia are seen
on CT: on MRI these are seen as hyperintense on T, and hypo-
i ntense on T,, often with a punctate appearance in the early stages,
with a tendency to coalescence with progression. Pathologically,
these lesions represent dilated perivascular spaces, which become

Fig. 58.43 (A,B) Bilateral basal ganglia cryptococcomas, which have a slightly punctuate appearance on the T 2 - weighted images. On the T, coronal
i mages, the lesions are slightly hypointense and those on the right exert some mass effect on the right frontal horn. (C,D) Axial and coronal sections
T2-weighted and T,-weighted show small enhancing abscess impinging on the right ventricle.
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basal cisterns (Fig. 58.41 B). The parenchymal lesions may or may
not enhance.

Syphilis This sexually transmitted disease is caused by the spiro-
chete Treponema pallidum, which penetrates intact mucous mem-
branes. CNS involvement usually occurs as a late manifestation of
the disease, usually in the tertiary stage, but patients with sec-
ondary syphilis can also develop meningeal signs. There has
recently been a resurgence of syphilis with the AIDS epidemic
and these patients usually develop neurological symptoms earlier,
within 3-18 months. Aseptic syphilitic meningitis is the most
common manifestation occurring within 2 years of infection, and
chronic encephalitis and tabes dorsales do not seem to be a
feature in patients with AIDS.

Normally signs of tertiary syphilis develop after a Ion-, latent
phase of 6-40 years; neurosyphilis occurs in approximately 8% of
untreated patients; in meningovascular syphilis, there is invasion of
the intracranial vessels and meanings, resulting in meningeal thick-
ening and arteritis with consequent infarction, often in the middle
cerebral artery territory or affecting small vessels, with a predilec-
tion for the basal ganglia. These areas of infarction are shown on
CT and MRI and as there is an underlying vasculitis the abnormali-
ties affect multiple vascular territories. Gummas can occur in the
brain, but are rare and arise secondary to a leptomeningeal inflam-
matory reaction with involvement of local blood vessels, and thus
are usually found near the cerebral convexities adherent to the dura
and brain parenchyma. On CT, gummas are well-circumscribed
homogeneously or ring-enhancing soft-tissue masses, and on MRI
have been reported to hyperintense on T, and hypointense on T 2

-weighted sequences and associated with vasogenic oedema.

sion with endarteritis have also been described. On CT the
microabscesses and granulomas typically show enhancement, and
on MRI a target appearance has been described on T 2 -weighted
i mages with a well-delineated hyperintense area surrounded by a
hyperintense rim (Fig. 58.43C,D).

Aspergillosis This is a ubiquitous mould and primary intracere-
bral infection may present as a granuloma, encephalitis, abscess
or a vasculitis with resultant infarction, which may be haemor-
rhagic. Imaging findings in this infection that have been described
include cortical and subcortical low-density lesions on CT, which
on MRI are hyperintense on T,-weighted sequences; basal ganglia
and thalamic lesions have also been described and a significant
proportion of patients with such parenchymal lesions have evi-
dence of haemorrhagic change. Mycotic aneurysms may also
occur and patients may present with subarachnoid haemorrhage.
Brain abscesses have non-specific imaging appearances on both
CT and MRI. Involvement of the paranasal sinuses by aspergillus
i nfection is fairly common; on CT the sinuses are filled with
hyperdense material but on MRI these secretions, unlike other
i nflammatory secretions, are hypointense on both T,- and T,-
weighted sequences. The reduction in T, signal is thought to be
secondary to the high concentration of paramagentic calcium,
magnesium, manganese and iron in the secretions and postcon-
trast rim enhancement may also be seen. Dural enhancement may
be associated with sinonasal, calvarial or orbital involvement.

Mucormycosis This group of fungi are ubiquitous in bread and
fruit mould and patients with diabetes are at an increased risk of
the rhinocerebral form of this infection, and account for approxi-
mately 70% of cases. The moulds have a propensity for vascular
structures; hence, radiological findings include arteritis, ischaemic
l esions, haemorrhagic infarction and aneurysms. Intracranial
granulomas are rare. Meningitis is uncommon in the haematoge-
nous form of this infection, and more common with rhinocerebral
or skull base involvement resulting from direct spread.

I maging findings include low-density lesions on unenhanced CT,
some with associated oedema and haemorrhage, which may show
ring enhancement after contrast. On MRI such lesions may be
hyperintense on both T,- and T,-weighted sequences secondary to
haemorrhage. The signal changes associated with sinus infection
are as described above for those seen with aspergillosis.

Lyme disease This rare condition, due to spirochaetal infection
with Borrelia burgdorferi has been increasingly diagnosed in both
America and Europe in the last decade. Central nervous system
involvement occurs in 15-20% of cases but the clinical pre-
sentation is variable, meningovascular features being common
and some patients presenting with cranial nerve palsies, mild
encephalopathy or polyneuropathy, but the clinical picture may
be confusing. Definitive diagnosis is by serology or culture of the
organism. CT scanning is relatively insensitive in this disease,
although vague low density in involved white matter may some-
ti mes be seen. On MRI T, hyperintense lesions in the periventric-
ular and subcortical cerebral white matter, basal ganglia and
brainstem have been described and these may be either granulo-
mas or areas of vasculitis. There may also be contrast enhance-
ment of the meninges in the acute phase on MRI and delayed
i maging may show contrast leakage into the CSF, enhancing the

Box 58.2 lists the different parasitic infections that can involve the
brain.

The incidence of parasitic infections of the nervous system varies
greatly in different geographic regions. They may involve the brain,
producing cysts, granulomas or abscesses, and they can also involve
the meninges.

Toxoplasmosis The causative organism ( Toxoplasma gondii) is
an obligatory intracellular parasite. The definitive hosts are the cat
family, in whom the entire life cycle can be completed. Other
mammals and birds can become infected, as can humans, either
from cats or from eating meat from chronically infected animals.

Two types of brain infection are seen in humans: the congenital
and the adult. This is because the CNS is only involved in humans
with an immature immune system (as in the fetus) or with compro-
mised immunity (as in AIDS or immunosuppression). Most toxo-
plasmosis infection in immunocompetent individuals is subclinical.

The congenital type results in a child with more or less extensive
brain damage at birth, which may include encephalomyelitis,

A. Protozoal B. Metazoal

Toxoplasmosis Tapeworm (cestodiasis)

Amoebiasis Fluke (trematode)

Malaria

Trypanosomiasis

Chagas' disease



Fig. 58.45 (A) Toxoplasmic encephalitis in a patient with AIDS. Multiple small abscesses with ring enhance-
ment. A ring enhancing lesion proven to be a toxoplasmosis abscess is shown peripherally in the left frontal lobe

on the T2 axial (B) and T, coronal postcontrast image (C). The appearances are non-specific and there is a large

amount of associated vasogenic oedema. Multiple small enhancing nodules are present predominantly at the
grey-white matter junction in this T, axial image (D). The associated perilesional oedema is clearly seen on the T 2

axial image (E); this patient was known to have AIDS and these were multiple toxoplasmosis abscesses.

on the degree of brain destruction caused by the infection. There is
also extensive calcification in the basal ganglia and subcortical
regions (Fig. 58.44).

The adult type attacks patients with impaired immune systems
and has become a major cause of encephalitis in AIDS patients; it
produces multiple brain lesions involving the basal ganglia and sub-
cortical regions. There is clinical evidence of encephalitis, and the
disease is usually fatal without appropriate antibiotic therapy.

The adult type shows focal, usually multiple (Fig. 58.45D,E)
hydrocephalus or microcephaly as well as bilateral choroidoretini- l esions of slightly reduced density in the thalamus and basal ganglia
tis. The lesions remain apparently healed and the condition does not or suhcortically. They arc best identified after high-dose contrast
progress. Plain radiographs may be helpful in the congenital type enhancement when most will show ring or nodular enhancement,
and may show characteristic intracranial calcification. On CT there although some will not (Fig. 58.45A-C). There is usually mass
is a more or less gross degree of ventricular dilatation, depending effect and some local oedema. In the appropriate context the

Fig. 58.44 (A,C) Congenital toxoplasmosis. Grossly dilated ventricles and calcified granulomas in atrophic cortex and basal ganglia.
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appearances are suggestive but not specific, as other inflammatory also characteristic but is far less common and looks different (see
l esions can produce similar appearances, as can ncoplastic lesions. Fig. 53.43).

MRI appears to be more sensitive than CT in detecting the intrac- CT The appearances depend on the number, size and distribu-
crebral lesions and is thus claimed to permit earlier biopsy and tion of the cysts as well as on their stage of evolution. Their
appropriate treatment. number can vary from just one to over a hundred. They are
Amoebiasis Amoebic abscess of the brain is rare and is usually a commonest in the brain but can involve the meninges and the
l ate and fatal haematogenous complication of intestinal, hepatic ventricles.
or pulmonary infection with Entamoeba histolvtica. There is I n the acute stage parenchymatous cysts appear as small, rounded
usually a single abscess in the subcortical or basal ganglia region. l ow-density lesions that enhance strongly with contrast medium

I nfections of the CNS with other types of amoeba (Naegleria (Fig. 58.45) in a ring or nodular manner. In the chronic stage they
f)wleri; Hartmanella acanthamoeba group) have also been do not enhance but may develop punctuate calcification.
described. N. fowleri produces a primary amoebic meningoen- Obstructive hydrocephalus may develop from cysts obstructing the
cephalitis. It is acquired by previously healthy children and young ventricles or basal cisterns, where they may form racemose groups.
adults swimming in contaminated water and is usually fatal within

MRI This will demonstrate the lesions well, particularly in the
a few days. H. acanthamoeba, on the other hand, affects debilitated acute stages or subacute stages, when small rounded cyst-like
or immunocompromised individuals and produces a granulomatous

structures due to the individual bladders may be visualised.amoebic encephalitis that is also fatal although the course is more Complex arachnoid cysts may burrow into the brain and the walls
prolonged. of partly degenerate bladders may be recognised within them.
Malaria Cerebral malaria occurs only in malignant tertian Intraventricular bladders may be difficult to recognise because
malaria due to Plasmodium fiilciharum. There is a high mortality their signal may be similar to that from CSF, although slight dif-
and the main macroscopic abnormalities in the brain are oedema, ferences usually permit detection. As cysts degenerate, oedema
vascular congestion and petechial haemorrhages. often appears in adjacent brain and is readily shown by MRI.

However, small calcified foci representing the residual scolex are
Tapeworms (cestodes) not identified.
The tapeworm infestations which can involve the brain include cys- Hydatid disease (eehinoeoeeosis) This is produced by the larval
ticerosis, hydatid disease and coenurosis. stage of the dog tapeworm. The eggs are ingested by sheep, who
Cystieereosis Cvsticercits cellitlosae is the larval stage of Taenia form the usual intermediate host. Humans can become the inter-
soliarn, a tapeworm whose permanent host is humans. Animals, mediate host through contact with infected dogs or by ingesting
including the pig, are intermediate hosts and harbour the cysts contaminated food. The embryos pass via the portal system to the
after ingesting eggs excreted in human faeces. The eggs release liver and thence to the lungs and general circulation. Hydatid
the embryos in the intestine of the animal; they penetrate the cysts of the brain are usually solitary and unilocular. They com-
intestinal wall and are carried to all organs, including brain and monly lie in middle cerebral territory in the parietal region and
muscles. Here the larvae develop a cystic wall (Fig. 58.46). can reach a large size, often over 6 cm in diameter (Fig. 58.47).

Humans can become intermediate hosts from self-infection with CT Typical cases show a large cystic lesion lying subcortically
eggs. The disease is widespread in India and Latin America, where i n the parietal lesion. There is some mass effect but there is no
it accounts for a high proportion of brain tumours. enhancement after contrast medium and no surrounding oedema

Simple X-ray Calcification is commonest in the muscle cysts or adjacent calcification. In rare cases there may be more than one
and shows a pathognomonic appearance already described (see cyst, or the cyst may be deeply sited adjacent to the ventricle.
Fig. 48.24). Calcification can also occur in the cerebral cysts. Tt is

Fig. 58.46 Enhanced CT in acute cysticercosis. (A) Multiple ring and nodular lesions inconstantly accompanied by oedema. (B) Another patient with
chronic quiescent cysticercosis. The brain was riddled with cysts and calcified nodules. (C) The axial T 2- weighted MR in this patient who presented acutely
with epileptic seizures showed a small hypointense lesion in the medial right temporal lobe associated with a small amount of vasogenic oedema. (D) On
the postcontrast T, coronal image, this lesion showed almost uniform enhancement and resolved on treatment for cysticercosis.



Acute lymphocytic meningitis
This is a common response to many different viral infections. The
diagnosis is made clinically and imaging has no contribution.

Parenchvmatons viral disease may be classified as:

I. Non-specific
2. Specific.

Non-specific virus infection of the CNS
This is variously described as postin/eelioos encepha/iris, post-
infectious perivenous encephalitis, acute disseminated encephalo-
no •elitis and acute disseminated leueoeneephalitis. The condition

may complicate many viral diseases 7-14 days after onset, but in
particular the exanthemas such as measles, chickenpox, rubella and

Fig. 58.47 Huge hydatid cyst in the left frontal lobe. It i s of CSF density
smallpox, or it may follow smallpox vaccination. The basic

and shows no capsular enhancement of adjacent oedema. It expands the mechanism is thought to he immunoallergic and the histological

overlying skull vault. features are characteristic, consisting of lymphocytic and plasma-
cell infiltrates around the venules of the neural parenchyma, with

MRI This also shows the lesions well but has no particular perivenous foci of demyelination. Clinically. most cases present

advantage over CT. With seizures or focal neurological signs and recover within

2-3 weeks, although 10-20'/( may suffer permanent damage.
Coenurosis This is infection by another dog tapeworm, Taenio
nut/beeps, which has occasionally infected humans. The cysts are CT CT nay show no changes, but in the more severe cases

similar to hydatid cysts but not as large. In the brain they are there may be areas of patchily reduced density reflecting vaso-

usually single, but multiple racemose groups have been described genie oedema in the white matter.

i n the ventricles or basal cisterns. MRI This is more sensitive than CT in demonstrating areas of

Trematodes (flukes)
oedema and demyelination in the white matter and may show
changes more extensive than suggested by CT, or even when CT

Paragonimiasis This infection is caused by the lung fluke, i s negative (Fi`g. 58.48). As in other forms of encephalitis, the
Pa rugoninuas trwesteroicmii, and may affect other organs, notably main change is increased signal on T,-weighted images with

the brain. Human infection is caused by eating poorly cooked multifocal lesions. The brainstem is often involved, sometimes

crustacea infected by the larval stage of the parasite. The disease selectively. and the spinal cord may also be affected.

was endemic in the Far East, from which most recorded cases
Reye's syndrome This condition, as originally described, pre-

have been reported, and in South Korea it was one of the corn-
dominantly affected children below the age of 16 years, but is

monest causes of brain turnout- , although now less frequent. The
now known to affect adults as well. The patients are recovering

organism gives rise to a large granuloma, usually in the temporal
from an illness of viral or presumed viral aetiology when they

or parieto-occipital regions, which may later heal with marginal
calcification.

develop both hepatitis and encephalitis. About one-third of the
patients die within a few days from raised intracranial pressure.

Simple X-ray I n the chronic healed stage radiographs may Liver function is severely affected and half the patients have

demonstrate characteristic `soap bubble' calcification outlining enlarged livers. Toxic agents, particularly salicylates, have been

the margins of the large granuloma. associated with the syndrome, and the interaction of toxin and virus

CT In the acute stage there is a large irregular low-density area
has been postulated as the cause.

within the affected lobe, and some mass effect. Marginal ring
enhancements occur after intravenous contrast medium, suggesting

a multiloculated abscess or tumour. Later, in the chronic stage, the
characteristic marginal calcification may be demonstrated.

Schistosomiasis (bilharzia) Although human infection is
common. involvement of the brain is very rarely seen, and is
always secondary to infection elsewhere in the body. When it
occurs it gives rise to multiple small granulomas, which can
i nvolve the brain, spinal cord or meninges.

Nematodes (roundworms)
Loa /oa, a filarial worm, is prevalent in West Africa and can cause
multiple small cerebral granulonuts. Similar lesions may occur in
trichinosis. due to Triehinel/a spiralis, which has a worldwide
distribution.

Fig. 58.48 Multiple TZ hyper-
i ntense lesions in the basal gan-
glia, thalami, internal capsules
and periventricular white matter
are present in this patient with
acute disseminated encephalo-
myelitis (ADEM).
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CT or MRI i n the acute phase shows widespread cerebral
oedema with compression of the ventricles. Patients who recover
may show enlargement of the ventricles and sulci and diminished
attenuation of the cerebral while matter.

Specific infection
This is usually referred to as viral encephalitis or acute infective
encephalitis and may be due to many different viruses. These can
be classified as follows:

a. RNA viruses
(i) Enteroviruses
(ii) Arboviruses (arthropod-borne)
(iii) Rabies virus
(iv) Paramyxoviruses

b. DNA viruses
(i) Herpes simplex viruses
(ii) Cytomegaloviru5
(iii) Herpes zoster
(iv) Papovaviruses
(v) Unidentified viruses (encephalitis Iethargica;

uveomeningoenccphalitis: Behcet's disease).

Fig. 58.50 MR (T,-weighted)
shows high signal in both tem-
poral lobes. Herpes encephalitis.

to immunological factors. The disease runs a protracted course
ending in death or severe disablement.

I maging CT and MR1 may show low attenuation in the white
matter, similar to that already described for non-specific
encephalitis, with MRI being the more sensitive.

Herpes simplex type I encephalitis This involves predominantly
the temporal lobes and is a grave illness with a mortality of 55%.

The best known of the cntcroviruses is the poliovirus, responsible The severity of the infection can lead to haemorrhagic necrosis

for acute anterior poliomyelitis. The arboviruses spread by mosqui- and considerable mass effect. The changes are bilateral but may

toes are responsible for the St Louis, Eastern and Western equine, appear predominantly unilateral in the acute phase, and this may

Japanese B and Murray Valley encephalitides; those spread by l ead to a false diagnosis of tumour at imaging.

ticks result in Russian springy summer and Central European CT This shows reduced density in the affected temporal lobe(s)
encephalitis. and the adjacent posterior frontal region, usually with mass effect

I maging Changes at both CT and MRI can he focal or multifo- (Figs 58.49, 58.50). The changes may be minimal in the first

cal or involve the greater part of one or both cerebral hemi- 2-3 days despite severe neurological impairment and should be

spheres, depending on the severity and type of infection. MRI is carefully sought. Haemorrhage rarely shows a clear haematoma

generally more sensitive than CT but the latter is occasionally but may give rise to patchy areas of slightly increased density.

positive when MRI is negative, usually because a time interval After contrast medium, enhancement is seen in most cases and

has allowed changes to resolve. CT shows areas of reduced may be patchy, peripheral or gyral. As already noted, mainly uni-
density in the white matter, while MRI shows areas of higher lateral cases can give rise to diagnostic error. In the chronic stage

signal on T-weighted images. The abnormalities may be evanes- there may be large low-density areas with associated local atrophy

cent and fluctuate over periods of a few days. in the affected regions.

Among the paramyxoviruses, measles can cause subacute scle- MRI MRI, which is more sensitive to white-matter changes,
rosing panencephalitis as well as the quite different postinfectious may show the lesions to be more extensive than they appear at
encephalitis already described. CT, and will identify them at an earlier stage as high signal on

T,-weighted images. Haemorrhage may occur as increased signal
Subacute selerosing panencephalitis (SSPE) This occurs in chil- on T,-weighted images and usually implies extensive necrosis.
dren or young adults several years after a known episode of MRI also shows extensive periventricular signal change not
measles. The precise mechanism of this delayed or prolonged apparent at CT.
viral infection is still poorly understood but is presumably related

Herpes simplex virus type 2 This may affect neonates and
i nfants, being acquired either transplacentally or at birth.

Fig. 58.49 Herpes encephalitis. (A) Low-
density area in right temporal region with
slight mass effect. (B) Bilateral low-density
areas in both temporal lobes. Burr hole for
brain biopsy on right. (C) After contrast
medium there is marked irregular enhance-
ment, mainly gyral.



Multifocal demyelinating lesions occur and spread in the hemi-
spheres, often asynmmetrically. They are accompanied by neuro-
logical defects and dementia, leading to death.

CT and MR/ will both show the white-matter lesions well: in the
case of CT as spreading areas of low density (Fig. 58.51). MRI is
more sensitive than CT and shows more widespread brain involve-

I ntrauterine infection of the fetal brain may give rise to micro-
ment. It may be positive when CT is still normal. There is increased

cephaly and intracranial calcification, both periventricular and
i n white and grey matter. This may be recognised both at simple

signal on T, weighted images, and less conspicuous reduced signal

X-ray and at CT.
on T,-weighted images. Rarely, necrosis and mass effect may occur.

Cytomegalovirus (CMV) CMV infection is widespread but does AIDS
not normally involve the CNS except in patients with compro- CNS infections are a common complication of AIDS, and manifest
raised immunity, as in AIDS, or where immunity is undeveloped, clinically as meningitis, focal lesion or generalised abnormalities.
as i n the fetus, which is infected from a carrier mother across the
placental barrier. It is estimated that each year around 1200

Meningitis This is most commonly due to Crvptoeoccus

i nfants are born in the UK with congenital CMV infection and 11Potou, ncnnn's, but can arise from mycobacteria or herpes simplex.

200 suffer major defects. Focal lesions These are mainly due to infections giving rise to

Simple X-ray The skull radiograph of an affected infant
abscesses and granulomas. The commonest organism responsible

may show microccphaly and in some cases calcification which is
To.toplasma golidii. Other organisms seen are tnycobacteria and

i s characteristic, being stippled, bilateral and symmetric
the fungi cryptococcus. Aspergillus fiumi,gatus and Candida

and mainly subependymal and periventricular. Other causes
Focal

alhiculs.

brain lesions in patients intracranial calcification in neonates are rubella and ents with AIDS can be neoplastic as

toxoplasmosis. well as inflammatory. In particular, lymphoma and rarely Kaposi's
sarcoma are found in the brain.

CT or MRI These will show dilated ventricles due to atrophy More ,g>eneraliscd changes are seen with viruses, in particular
with paraventricular and cortical calcifications. cytomegalovirus, herpes simplex and the JC papovavirus respons-

Progressive multifoeal leueoeneephalopathy (PML)
PML is due ible for PML. The HIV virus itself has been found in the brain of

t o a papovavirus and occurs only in special pathological cir-
AIDS patients at autopsy, and is considered to be responsible for a

cumstances. It particularly affects patients with compromised
direct cytopathic effect leading to the encephalopathy, dementia and

i mmunity, c.g. Sufferers from chronic lymphatic leukaemia or
atrophy frequently encountered.

Hodgkin's disease, or those receiving immunosuppressive I maging CT and MR/ will identify focal lesions such as
therapy. abscesses due to toxoplasmosis (Fig. 58.44) or cryptococcus

Fig. 58.51 Progressive multifocal leucoencephalopathy.
(A) Occipital lesions mainly on right. (B,C) Several weeks later,
the disease has progressed through both hemispheres but most
markedly on the right. Multifocal well-defined hyperintense
lesions confined to the white matter are shown on this
T,-weighted axial image (D) of an immuno-compromised
patient. The signal abnormality extends into the gyral cores. The

l eft frontal lesion shown on the T, coronal postcontrast image
(E) is markedly hypointense, non-enhancing and despite its size
i s not associated with any mass effect. These lesions are typical of
progressive multifocal leucoencephalopathy (PML).
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l eptomeningitis or as intracerebral granulomas, although both
may be present. Clinically patients with chronic leptomeningitis
present with hydrocephalus and those with granulomas with focal
signs, depending on the site of the lesion (Fig. 58.53).

CT In the meningitic form CT will demonstrate communicat-
ing hydrocephalus associated with enhancing hyperdensities in
the basal cisterns, an appearance which is non-specific.
Granulomas are also hyperdense and enhance with contrast
medium. They may be multiple and small, resembling metastases,

although there is no surrounding oedema. A single large lesion is
occasionally seen and simulates a neoplasm.

MRI A variety of changes have been described. Many of these
have not been detected by CT, but they are non-specific. The com-
monest abnormalities are areas of hyperintensity on T,-weighted

i mages in the cerebral white matter, usually located more super-
ficially than the lesions of multiple sclerosis, although pcri-

Fig. 58.52 (A) Axial T2 -weighted image in a patient with AIDS showing ventricular lesions do occur. Surface granulomas may be shown,

widespread signal abnormality in the white matter of HIV encephalitis. especially adjacent to the major cisterns (Fig. 58.50), and also
There i s also background atrophy with ventricular enlargement and mild deeper lesions involving the basal ganglia typically with marginal
sulcal widening. (B) AIDS encephalitis. enhancement after contrast.

Behfet's syndrome MRI commonly reveals non-specific changes,
characterised by hyperintensity on T-weighted images. The optic
chiasm, hypothalamus and brainstem are frequently involved.

(Fig. 58.43). The appearances seen in PML and involvement by

l ymphoma have been described above. In some cases brain biopsy
may be necessary to distinguish between abscess and neoplasm.
However, toxoplasrnosis is the commonest cause of focal lesions
in AIDS patients, and anti-infective treatment with pyrimethamine
and sulfadiazine may be given a trial before resorting to brain

biopsy.
Non-specific changes such as brain atrophy with cortical shrink-

age and ventricular dilatation are readily identified by CT or MRI.
The latter can also demonstrate non-specific white-natter signal Cerebral atrophy may be focal or generalised.
changes on Tfl-weighted images in 50% of patients who are HIV Focal atrophy may be vascular, infective or traumatic in origin
positive and in 70% of cases with established AIDS (Fig. 58.52). and the causes have been discussed above. It may also be de-
They are thought in most cases to he due to a direct HIV infection. generative, as in olivopontocerebellar atrophy, which is discussed

Other techniques that have been used to investigate HIV below.
encephalopathy include MR spectroscopy and radioisotopes (PET Genera/iced atrophy is more commonly degenerative or idio-
and SPECT). In both cases sensitivity is higher than MRI but speci- pathic, although vascular, inflammatory, toxic and traumatic types
ficity is low and neither method is as yet widely accepted. also occur or may he associated. Toxic atrophy may follow alcohol

or drug abuse.
Generalised atrophy of the brain is a routine concomitant of the

ageing process and is a normal finding in the elderly, increasing

Sareoidosis I nvolvement of the CNS is not uncommon, occurring with age. The loss of neural tissue in the senile brain occurs in a

in around I5° of affected patients. It manifests either as a basal cranium of unchanged size and is therefore compensated by an

Fig. 58.53 (A) Axial MR section with gadolinium enhancement (T,-weighted)
shows superficial peduncular lesions (arrows). Sarcoidosis. (B) Intracanalicular optic
neuritis secondary to sarcoid. Left optic nerve shows high signal on T,-weighted MR.
(C) Sarcoidosis with marked meningeal thickening.



Fig. 58.55 (A-D) Communicating hydrocephalus complicating meningitis. All four ventricles are dilated and the sulci are effaced.

In this section, the following will he considered:

I. The dementias
Alzheimer's disease (AD)
Frontotemporal dementia (FTD)
Lewy body dementia
Vascular dementia (including CADASIL)

2. Extrapyrarnidal and other movement disorders with or without
dementia
Parkinson's disease
Multiple system atrophy (MSA)
Progressive supranuclcar palsy (PSP)
Motor neurone disease (MND)
Corticobasal degeneration (CB D)
Huntingdon's disease

3. Prion diseases
Sporadic and iatrogenic Creutzfeldt-Jacob disease (CJD)
Familial CJD
New variant CJD (nvCJD)
Gcrstmann-Strfussler-Scheinker disease (GSSD)
Fatal familial insomnia (FFI)

4. Cerebellar atrophy.

These are usually diseases of the ageing population. Most patients
progress to death within 5-10 years. In the early stages, the dis-
eases can he difficult to differentiate from normal ageing, or
between one another at a clinical level. Interest has been greatly
enhanced in recent years by advances in molecular pathology and

Fig. 58.54 Generalised atrophy. (A) Dilated lateral ventricle. (B) Enlarged
sulci and interhemispheric fissure (L36, W80).

increased volume of CSF, which occupies the resulting enlarged
ventricles, sulci and subarachnoid space.

I maging CT or MR/ of patients with cerebral atrophy shows
i n varying degrees:

I. Ventricular dilatation with rounding of the ventricular angles
2. Enlargement of the cerebral and cerebellar sulci
3. Increased width of the subarachnoid space and basal cisterns,

with increased prominence of the intcrhemispheric and sylvian

fissures.

Diagnosis is usually obvious (Fig. 58.54) but can occasionally he
more difficult in patients with communicating hydrocephalus,
particularly in the elderly patient with `normal-pressure' or 'low-
pressure' hydrocephalus.

Communicating hydrocephalus ( Fig. 58.55) The ventricular
bodies and frontal horns are often more rounded: the temporal
horns are also characteristically more dilated and prominent. They
are usually normal or relatively small with atrophy. In addition
the sulci are less prominent with hydrocephalus, rather than
dilated as in atrophy. Periventricular lucencies at CT, usually most

marked around the frontal horns, are also a feature of hydro-
cephalus, and are due to seepage of CSF through the ependyma.
Nevertheless, cases do arise where imaging remains equivocal
and in these cases further investigation may be required.

The problem is usually to decide whether patients with dementia
are suffering from normal pressure hydrocephalus (NPH) or merely
atrophy, as the former have been said to benefit from a shunting
operation. Many investigations have been advocated to distinguish
central atrophy (mainly ventricular enlargement) from NPH, and

none are reliable and hence are rarely used in most centres.

Radionuclide cisle rnographv or CT cisie rnographv have been advo-

cated. With both methods the ventricles of hydrocephalus patients
may be outlined at 12-24 hours and remain so for 48-72 hours:
normal patients or those with atrophy show little radionuclide or
contrast within the ventricles but much over the cortex. However

these methods are rarely used.

Pseudoatrophy Fluid shift from the brain may result from high
doses of steroids and from anti diuretics. It is also described in
anorexia, protein starvation, and severe dehydration. The resulting
pseudoatrophy may simulate the CT appearances of true atrophy,

but is reversible with appropriate treatment.
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Fig. 58.56 (A) Alzheimer's disease. Coronal MRI showing bilateral sym-
metrical atrophy of each hippocampus and parahippocampal gyrus. (B,C)
Frontotemporal dementia (non-Pick). Coronal MRI showing severe atrophy
of the anterior part of the left temporal lobe and mild enlargement of the
frontal horn of the left lateral ventricle. (D) True Pick's disease, showing
more mild left temporal lobe atrophy.

cortices at end-stages. On MR1 or CT, accentuated atrophy in
medial temporal regions and relative sparing of the cerebellum
c.rn have predictive value (Fig. 58.56A).

Frontotemporal dementia (FTD) This category includes a
variety of diseases such as Pick's disease, semantic dementia, the
primary progressive aphasias and other mainly frontal or temporal
lobar degenerations. Some are characterised by very specific iso-
forms of tau protein, such as Pick, and others are non-tau, such as
MND-like inclusion body frontal lobe degeneration. Clinically
early stages are characterised by behavioural or speech distur-
bances. On MRI and CT, striking accentuated atrophy in temporal
and/or frontal lobes (usually mainly temporal), with an equally
striking anteroposterior gradient of decreasing severity, can be
seen, which will then have considerable positive predictive value
(Fig. 58.56B).

Lewy body dementia The molecular structure and genes for
Lewy bodies have not been fully characterised as yet. Difficult to
distinguish from AD clinically, fluctuation in cognition and visual
hallucinations are suggestive, together with overlaps with
Parkinson's disease. There arc no suggestive MR1 or CT features.

Vascular dementia The almost iniquitous finding of some
ischaemic damage in cerebral white matter and basal ganglia in
MRI in the ageing population, its poor correlation with cognitive
impairment, and the relative rarity of extensive cortical infarction
manifesting mainly as dementia, have cast serious doubt on the
existence of this as an independent entity. A familial form affect-
ing younger patients is currently very topical: CADASIL (cere-
bral autosomal dominant arteriopathy, subcortical infarcts and
leucoencephalopathy); stroke and migraine as well as dementia
are common clinical features. The gene is known, but sporadic
mutations occur. On MR1 there is usually striking confluent
i schaemic damage throughout the cerebral white matter (includ-
i ng temporal lobes, often spared in arteriosclerotic disease) and
basal ganglia (Fig. 58.57).

Parkinson's disease Lewy body intracellular inclusions and
neurone loss, maximal in the pars compacta of the substantia
nigra, are the pathological hallmarks. Loss or reduction of the

genetics. As well as neurone loss and gliosis, most of these con-
ditions are characterised pathologically by intracytoplasmic inclu-
sions in neurones or glia, or mainly extracellular amyloid deposits.
Many of the proteins in these materials have been characterised and
the genes which encode them identified. Familial trends are recog-
nisable in an increasing proportion. At this moment, however, these
diseases arc still classified syndromically, but the molecular
pathologies suggest that there is enough phenotypic variation for
syndromes to overlap, adding to diagnostic difficulties. This is a
rapidly evolving area. The role of imaging traditionally has been to
exclude symptomatic causes such as neoplasms, chronic infections,
arteritis, diffuse vascular malformations, or to diagnose intercurrent
disease. The development of newer forms of treatment, both symp-
tomatic and directed at molecular mechanisms, has increased the
need for precise early diagnosis, and the importance of the positive
predictive value of imaging has become considerably enhanced.
Because structural imaging has been perceived as wanting in this
area, clinical roles for functional imaging using radionuclides
(PET and SPECT) or functional or perfusion MRI have been advo-
cated. Despite a large and encouraging literature developed over
many decades, functional imaging has proved disappointing as a
discriminator, especially in difficult cases, or in early stages of
disease, and is little used by many centres except in ongoing
research.

Alzheimer's disease This is characterised pathologically by neu-
rofibrillary tangles within neurones, and neuritic plaques.
Progressive neurone loss, manifesting on CT and MRI mainly as
volume loss (atrophy), occurs in the hippocampus in the preclini-
cal and early stages and progresses to involve temporal and
medial parietal lobes, only affecting primary motor and sensory



Fig. 58.58 Axial T2 - weighted
i mage in a patient with multisys-
tem atrophy showing marked
atrophy of the pons and middle
cerebellar peduncles. Abnormal
T2 high signal is present in the
pons in the form of a cross (hot
cross bun sign) with more con-
fluent signal hyperintensity in the
middle cerebellar peduncles. The
cerebellum is also atrophic and
the 4th ventricle is consequently
enlarged.

Fig. 58.59 Cerebellar atrophy
showing widened sulci and fis-
sures. The brainstem is also
atrophic.

Corticobasal degeneration This is another tau-opathy. MRI is

usually unhelpful, but some cases show selective asymmetric,
mainly parietal lobe atrophy, not seen in other conditions.

Huntington's disease A direct gene test is now available for a
gene which encodes for the protein Huntington. On CT and MRI
the caudate nuclei are selectively atrophic in established cases,
giving rise to a characteristic appearance of the frontal horns of
the lateral ventricles.

Prion diseases These are the spongiform encephalopathies
affecting mainly grey matter. Some arc hereditary, others are spo-
radic and transmissible. MRI and CT usually show only progres-
sive cerebral cortical atrophy in CJD, but diffusion-weighted
images often show altered diffusion in large areas of cerebral
cortex. In a minority of cases (10%), diffuse, symmetrical mildly

Fig. 58.57 T2- weighted axial images in a patient with CADASIL (cere-
increased signal in the caudate nucleus and putamen may be seen.

bral autosomal dominant arteriopathy, subcortical infarcts and leuco- In new variant CJD, symmetrically increased signal in the pulvina
encephalopathy) showing predominantly confluent signal hyperintensity in of each thalamus is a consistent and specific diagnostic feature on
the cerebral white matter, fairly symmetrical in distribution. The changes MR1, sometimes also involving the medial thalamus and upper
are particularly marked in the temporal lobes (A). The basal ganglia also midbrain. Progressive mainly cerebellar atrophy may be seen on
exhibit a lacunar state (B).

MRI i n GSSD.

cerebellar atrophy Apart from those already mentioned, the
normally higher signal of the substantia nigra between the cere- main causes are paraneoplastic, toxic (e.g. phenytoin, alcohol),
brat peduncle and red nucleus in the midbrain on T 2 - weighted genetic (spinocerebellar atrophies, Friedreich's ataxia, hereditary
MRI has been emphasised by some but is highly unreliable. telangiectasia), and of course, unknown. Involvement of the pons

Multiple system atrophy This is characterised by mainly glial on MRI usually indicates multiple system atrophy; atrophy of the

inclusions consisting of alpha-synuclein. There are two main lower brainstem and upper spinal cord is suggestive of

forms. (I) The pontocerebellar type: cerebellum and pons show Friedreich's ataxia (Fig. 58.59).

atrophy on MRI, pontine involvement being characterised by loss Wilson's disease (hepatolenticular degeneration) Hepatolenticular
of pontine nuclei and shrinkage of the middle cerebellar pedun- degeneration is a familial metabolic disease due to an abnormality
cles (Fig. 58.58). (2) Striatonigral type: the putamen may show of copper metabolism in which cirrhosis of the liver is associated
reduced signal on MRI due to increased iron deposition and a thin with degeneration of the corpus striatum. It usually commences in
longitudinal cleft may appear in its lateral portion; neither are the second decade. Clinically there is progressive rigidity and
specific. tremor, dysarthria and dysphagia, and in the terminal stages some

pi--Progressive supranuclear palsy Deposition of tau protein and degree of dementia. A characteristic feature is a ring of brown pig-

neurone loss accentuated in the midbrain tegmentum may be indi-
catedon MRI by shrinkage and slight signal changes in the mid- CT The brain may show no significant changes, but low-
brain, sparing the cerebral peduncles. density lesions may be seen in the basal ganglia of more advanced

Motor neurone disease Non-(au inclusions and degeneration in cases.

spinal motor neurones and pyramidal tracts usually leave no indi- MRI MRI may show increased signal in the basal ganglia on
cations on MRI. Occasionally signal change in the tracts can be T,-weighted images and low signal on T,-weighted images. The
seen in the brain.



1798 A TEXTBOOK OF RADIOLOGY AND IMAGING

Cockayne's syndrome
Carbon monoxide poisoning
Lead poisoning
Toxoplasmosis
Mineralising microangiopathy
Secondary hyperparathyroidism
Mitochondrial cytopathy

Major
I diopathic
Familial
Hypoparathyroidism
Pseudohypoparathyroidism
Minor or atypical
Fahr's syndrome

Familial calcification is very rare but when it occurs affects
young as well as elderly members of the same family.

Hvpoparathyroidisrn, either idiopathic or following thyroidcc-
tomy, is the most important aetiologic cause because it is poten-
tially treatable.

Pseudohvpoparathvroidism (Albright's syndrome) may also he
associated with similar calcification. This rare condition is
described in the bone section (see Ch. 42).

Fahr's syndrome (idiopathic familial cerebrovascular ferrocalci-
nosis) is a rare familial condition commencing in childhood and
characterised by the deposition of iron and calcium in the basal
ganglia, dentate nuclei and subcortical regions. It presents with
spasticity and choreoathetoid movements, proceeding to progres-
sive mental deterioration (Fig. 58.62).

Cockavne's syndrome, which is inherited as an autosomal reces-
sive, is characterized by dwarfism and progcria. There is micro-
cephaly and a thick cranial vault as well as the intracranial
calcification (Fig. 58.63).

The calcification in toxoplasmosis is linear or nodular rather than
amorphous (Fig. 58.43) and in the other conditions the diagnosis is
usually clear from the history and clinical findings.

Carbon monoxide poisoning is usually due to attempted suicide.
Classic cases show necrosis of the globus pallidus, giving rise to
bilaterally symmetric small lucent areas in this characteristic site.
Calcification is unusual but has been described.

Mineralising inicroangiopathv is also referred to as disseminated
necrotising leucocncephalopathy. It is a rare condition seen mainly
in patients with leukaemia treated with cerebral radiotherapy fol-
lowed by intrathecal mcthotrexate. In the acute phase there is bilat-

Bilateral symmetric calcification of the basal ganglia is not uncom-
mon. Pathologically, the heaviest calcifications arc found in the
globus pallidus, caudate nucleus and putamen. The dentate nuclei
of the cerebellum and the internal capsule may also be involved.
Smaller collections, which are only rarely visible at imaging, occur
at the junction of cortex and white matter and in the cerebellar
cortex. Histopathologically the calcifications are deposits of tiny
pericapillary calcospherites plus calcification in the medial walls of
tiny arteries and veins (Fig. 58.61).

The major causes, and some other conditions in which calcifica-
tion of a less typical type may be found in the basal ganglia, are
listed in Box 58.3.

Idiopathic calcification is by far the commonest type and is seen
mainly in the elderly, where it may be regarded as a normal variant
of little pathological significance. The condition is usually encoun-
tered as a chance finding either at simple X-ray of the skull (see
Ch. 53) or more frequently at CT. The latter is far more sensitive
than simple X-ray and has shown the condition to be more common
than previously realised (Fig. 58.54), being present in 0.6 1-

/(- of one
large series of 7000 consecutive CT examinations.

Fig. 58.62 Axial CT scans demonstrating extensive calcification in the
Fig. 58.61 Calcification basal ganglia, thalami, subcortical white matter, brainstem and dentate
of the basal ganglia. nuclei of the cerebellum in Fahr's syndrome.

Fig. 58.60 T2- weighted axial images demonstrating basal ganglia, thala-
mic and midbrain lesions in Wilson's disease.

l entiform nucleus is most commonly affected. In a few cases low
signal has been observed in Tz -weighted sequences, associated
with either copper or iron deposited in the basal ganglia.



Fig. 58.63 Axial T 2- and T,-weighted images in Cockayne's syndrome
demonstrating gross supratentorial atrophy and diffuse signal abnormality
and reduction in bulk of the white matter. T, high and Tz low signal in the
basal ganglia is indicative of calcification.

oral leucoencephalopathy, and CT may show bifrontal low density
i n the white matter, but atrophy follows later.

Mineralising microangiopathy shows low attenuation in the
white matter, mainly near the corticomedullary junction and with
relative sparing of the deeper white matter. Thin reticular or ser-
rated linear calcification is also present at the corticomedullary
junction as well as in the basal ganglia and posterior fossa. giving
rise to a very characteristic appearance.

Secondary hsperpai-uth~roidism is often associated with extensive
calcification in the falx and tentorium, and this is evident at simple
X-ray of the skull. Rarely, intracerebral calcification is identified at
CT and Occurs in the Nasal ganglia and also in the white matter.

Under this heading we shall discuss conditions of differing aetio-
l ogies which have in common predominant involvement of the
white matter. White-matter diseases have been classified as dvs-

nwelinating, where there is abnormal formation or maintenance of
myelin, and denivelinating, where there is destruction of normally
formed myelin (Box 58.4). To these may he added miscellaneous
causes of what may he termed 'secondary' demyelination inflam-
matory and postinllanmnatory lesions and neoplastic, vascular, toxic
and other disorders.

Some of these have already been discussed, e.g. disseminated
encephalomyelitis, progressive multifocal encephalopathy (PML)
and Reye's syndrome. Other conditions which fall into this cate-
gory are described below.

Schilder's disease
Central pontine myelinolysis
Marchiafava-Bignami disease
Secondary to other disorders

Dysmyelinating
Leucodystrophies
Metabolic disorders
Demyelinating (myelinoclastic)
Multiple sclerosis

Changes in the white matter are well shown by CT, but there is
no doubt that MRI is even more sensitive in demonstrating white-
matter lesions. The changes in specific pathological conditions arc
described below, but it should be realised that there are also many
physiological causes of changes in white-matter density at CT or in
i ts signal at MRI.

Neonates, particularly premature infants, normally show low-atten-
nation white matter at CT and poorer differentiation between white
and grey matter at MRI. This is due to incomplete myclination and
i mproves as myclination progresses. Low-attenuation white matter at
CT and abnormal contrast at MRI is also seen in the elderly, usually in
association with generalised senile atrophic changes.

Other causes of generalised low attenuation of the white matter at
CT and altered signal at MRI include uraenric and hepatic coma

and hspertensive crises: maligncuii disease and muscular dystrophy

are other rare causes. Vasogenic oedema associated with tumour or
trauma can also produce focal or more generalised low density, as
can radiation damage.

Multiple sclerosis (MS) This is one of the commonest neurologi-
cal disorders and is characterised by disseminated plaques of
demyelination and gliosis throughout the neuraxis. The sites of
election are:

I. Pcriventricular
2. Optic pathways
3. Brainstem
4. Cerebellar white matter and peduncles
5. Spinal cord.

Most authorities consider the aetiology to be immunopathological,
and there is an increased incidence of certain tissue type antigens

i n the affected patients. There is also raised gamma globulin in
the CSF. Young adults are primarily affected, with an increased
i ncidence in the colder wet temperate zones of the northern
hemisphere.

CT CT may show no abnormality even in the acute stages. In
about one-third of patients, small low-density areas are seen in
the white matter, particularly adjacent to the atria or in other
periventricular sites (Fig. 58.64). In the acute stage these may
show marked enhancement (Fig. 58.64B.C), but chronic lesions
fail to enhance. Occasionally enhancing small lesions are seen
which were isodense before adding contrast medium. Classic
cases show no mass effect or surrounding oedema, but very rarely
mass effect and oedema are encountered which can simulate
tumour, particularly with a single large lesion.

MRI This is far more sensitive than CT in the demonstration
of MS plaques. and it has been claimed that an accuracy of
nearly 100% can be obtained with modern machines. The most
characteristic appearance is that of periventricular nodular hyper-
i ntense lesions on T,-weighted images, most numerous pos-
teriorly (Fig. 58.65), and plaques are also well shown at the
grey-white matter interfaces. MRI can even image lesions in the
spinal cord, as well as the brainstem and cerebellum. Multiple
cerebral lesions are demonstrated in over half the patients present-

ing with a single episode of optic neuritis, or with clinically
isolated brainstem or cord lesions.

As already noted, sonic lesions may have enough mass effect to
simulate a tumour, although this is rare. Others may show a central
area of greater signal intensity. resembling a target.



Contrast enhancement after giving gadolinium occurs in the
acute phase, presumably indicating activity, as it later subsides.

It should be remembered that the MRI lesions are non-specific
and must be considered in the clinical context. MRI is so sensitive
that it shows similar periventricular lesions in around 25% of
elderly patients. These may represent ischaemic lesions, as they are
particularly noted in patients with multi-infarct dementia. Similar
l esions have also been noted following radiotherapy and in
encephalomyelitis.

Schilder's disease (diffuse sclerosis) This condition affects chil-
dren as well as young adults. Histopathologically, the lesions are

similar to those of MS, but are more extensive, and clinically the
course is continuous and progressive, even fulminant, rather than
i ntermittent and relapsing. The main lesions extend through the
corpus callosum into both parieto-occipital regions.

CT Bilateral low-attenuation areas are shown in both parieto-
occipital regions which enlarge progressively but not symmetri-
cally. Contrast enhancement is uncommon.

Fig. 58.64 Multiple sclerosis. (A) Paraventricular and white-matter low-density areas. (B,C) Enhancing paraventricular and white-matter low-density
areas. (D) Axial MRI section J, -weighted). Multiple sclerosis plaques are seen as areas of high signal.

MRI This shows the white-matter lesions better than CT, and
their true extent is more clearly reflected.

Central pontine myelinolysis This rare condition, primarily
affecting the pontine white matter, was originally thought to be
due to chronic alcoholism and malnutrition, but was later shown
to be, associated with many other chronic illnesses, including neo-
plasia and liver and kidney diseases. The underlying cause may be
an abnormality of plasma sodium, and in most cases hypona-
tremia has been observed, although the relationship is not a
simple one. It is often fatal, but recovery can occur, with varying
degrees of neurological deficit.

I maging CT may demonstrate low density in the affected pons,
usually only when the disease is well advanced. MRl i s more

sensitive and reveals more extensive change. There is increase in
T, and T, within the pons, and changes can be more widespread,
extending into the midbrain and thalami and even into the sub-
cortical white matter.

Marchiafava-Bignami disease This is another rare condition,

with a peculiar white-matter localisation. The corpus callosum is
mainly affected, although other central pathways may also be

i nvolved. There is an association with chronic alcoholism, but this
i s not invariable, and chronic cyanide intoxication can produce
similar lesions.

Radiation leucoencephalopathy Radiation used in the treatment
of malignant tumours can itself produce harmful effects. This is
mainly due to occlusion of small vessels and resulting infarction. In
the acute stage there are changes in the white matter indistinguish-
able from tumour at both CT and MRI. Since the radiation damage
is sometimes delayed, and can occur months later this can give rise
to a difficult differential diagnosis from tumour recurrence or exten-
sion both clinically and on imaging. In this situation PET may help
by showing hypermetabolism in tumour recurrence and hypometab-

Fig. 58.65 The T
2

axial image (A) demonstrates multiple hyperintense olism in radiation necrosis (see below). Radiation changes will
l esions in the cerebral white matter, many of which are periventricular in eventually progress to local atrophy, although white-matter low
distribution and typical of multiple sclerosis. A couple of the lesions are

density on CT and signal change on MRI will persist (Fig. 58.66).associated with perilesional oedema, giving a target appearance, and on
the postcontrast Tl coronal image (B) show patchy and ring enhancement; The association between radiotherapy, methotrexate and PML
these lesions are plaques of active demyelination. has been discussed above.
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Fig. 58.66 (A-C) Axial CT scans demonstrating confluent and symmetrical low-density change in the deep and peripheral supratentorial white matter in
metachromatic leucodystrophy. (D) Axial MR T

z
W shows widespread low density in white matter.

There is mental retardation or regression and other neurological

Leucodystrophy is a term commonly used to refer to dysmyelina-
tion

which are progressively fatal.

tion disorders. They arc mainly due to genetic defects in the forma- Globoid leucodystrophy (Krabbe's disease) This is characterised
tion and maintenance of myelin, usually present in infants and by a lack of the enzyme P-galactocerebrosidase. It presents in
children, with increasing developmental delay, progressive demen- infancy with retardation and spasticity, and is usually fatal by the
tia and neurological deficits. They include the following conditions, second year. Rarely, it presents in later childhood with a more
which, like most disorders of lipid metabolism, are inherited as chronic course and early visual failure (Fig. 58.67).
autosomal recessives and are associated with lysosomal enzyme

Spongiform degeneration The condition is so-called because of
deficiencies:

the characteristic spongy degeneration produced in the white

• Metachromatic leueodystrophy matter of the affected infant. It is one of the few leucodystrophies

• Globoid leucodystrophy (Krabbe's disease) that produces enlargement of the head, others being Alexander's

• Spongiform degeneration (Canavan's disease). disease and GM, gangliosidosis (Tay-Sachs disease).

Metachromatic leucodystrophy This is one of the commoner X-linked leucodystrophies These are less frequent, but two

hereditary leucodystrophies; clinical symptoms usually com- important ones are adrenoleucodystrophy and Pelizaeus-

mence in infancy, although they can be delayed into adolescence Merzbacher disease.

or later. It is due to a deficiency of the enzyme arylsulphatase A. Adrenoleucodystrophy This is an X-linked genetic disease
that was at one time confused with Schilder's disease. It affects

Fig. 58.68 (A, B) Axial T z signal abnormality in the periventricular occi-
Fig. 58.67 (A,B) Axial CT and T 2 - weighted MRI i n Krabbes's disease pitoparietal white matter is fairly symmetrical and extends across the corpus
showing focal bilateral thalamic and posterior internal capsular lesions callosum; there are zones of differential T z

signal hyperintensity repres-
which are calcified on CT. T

z
signal abnormality is also present in the deep enting the different phases of demyelination and appearances are typical

periventricular white matter with some cavitatory change adjacent to the of X-linked adrenoleucodystrophy. On the T, coronal image a band of
frontal horns. enhancement is present at the active edge of the demyelination.



Fig. 58.69 (A) Axial T
2

and (B) T, coronal postcontrast images in a Fig. 58.70 (A) Axial T2 -weighted MRI showing bilateral parietal peri-
patient with Alexander's disease showing signal abnormality in the white ventricular signal abnormality in a patient with classical phenylketonuria.
matter, which has a predilection for the frontal lobes. There is some basal (B) Axial CT showing extensive very low density change in the cerebral
ganglia involvement and enhancement postcontrast. white matter and thalami in maple syrup urine disease.

Homocystinuria
Cystathioninuria
Hypermethioninaemia
Propionic acidaemia
Methylmalonic acidaemia
Non-ketotic hyperglycinaemia
Lactic acidaemia

Phenylketonuria
Hyperphenylalaninaemia
Tyrosinaemia
Maple syrup urine disease
Argininosuccinicaciduria
Citrullinaemia
Ornithine transcarbamylase deficiency
Hyperargininaemia

Phenylketonuria This is a congenital disorder of amino acid
metabolism due to absence of phenylalanine hydroxylase which
hydrolyses phenylalaninc to tyrosine. Severe mental impairment

tray ensue if the condition is unrecognised and untreated, and
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boys aged 4-6 years and occasionally a little older. The victims ( Figs 58.68, 58.69). In adrenoleucodvshophv maternal carriers

develop adrenal insufficiency, resembling that in Addison's have in some cases shown white-matter changes with mild neuro-

disease, together with dementia, cortical blindness, ataxia and l ogical symptoms. Similar findings have been reported in carriers

spasticity (Fig. 58.68). of Pelizaeus-Merzbacher disease.

Pelizaeus-Merzbacher disease This is also X-linked. It pre-
sents mainly in infancy, but can begin later. There is progressive
dementia, ataxia and nystagmus, often with extrapyramidal fea- This is a wide group of metabolic disorders caused by enzyme
Cures such as dystonic postures and torsion spasms. The metabolic defects resulting in accumulation of toxic metabolites in the body
basis remains obscure. and in the brain, where they interfere with normal myelin synthesis

Alexander's disease i s one of the few leucodystrophies that or cause destruction of myelin sheaths. They present in infants and

occurs sporadically and is characterised histopathologically by the with improved methods of biochemical assay many different types

abundant presence of Rosenthal fibres in the affected brain. have now been defined, some of which are listed in Box 58.5.

Definitive diagnosis thus depends on brain biopsy (Fig. 58.69). Diagnosis is usually made biochemically but imaging may help by
showing the degree of myelin damage or the effect of treatment on

Batten's disease (neuronal ceroid lipofuscinosis) This was also
progression.

referred to as cerebrnmacrrlur degeneration, and in contrast to the
above the brain is atrophic, often markedly so. I maging CT may show small low-density foci in the white

matter but MRI shows the white-matter lesions best as small areas
CT CT in the leucodystrophies shows low-density areas in the

of high signal on T,-weighted studies, and lying subcortically or
white matter which are bilateral but not necessarily symmetric

i n the centrum ovate. Sagittal T sections may demonstrate small
and become more extensive as the disease process progresses non-
( Fig. 58.56).

l ow-density lesions in the corpus callosum. The findings are non-
specific.

In adrenoleucodvsnopliv the parieto-occipital regions are
i nvolved and in thin curvilinear or serrated rim of contrast enhance-
ment may be seen, representing perivascular inflammation at the
margins of the extending process. Such enhancement is not seen in
the other leucodystrophies described above. Another unusual
finding described in adrenoleucodystrophy is dystrophic calcifica-
tion in the affected white matter.

Krahbe's disease has been described as showing increased
density in the basal ganglia as well as hypodensity of the white
matter, while Alexander's disease has been reported as showing
unusual enhancement of the caudate nuclei and periventricular
areas in one reported case. Considerable atrophy has been reported
to accompany the white-matter changes in P(

1 /j 7
aeus-Merzbacher

disease.

MRI MRI is more sensitive than CT in the demonstration of
white-matter disease. Changes can be diagnosed earlier, are
shown more clearly, and appear more extensive. T 2 -weighted
sequences produce a high signal from affected white matter
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Binswanger's disease (subcortical arteriosclerotic encephalo-

pathy) There is a frequent association between hypertension,
arteriosclerosis and dementia or other neuropsychiatric mani-
festations. The deep penetrating arteries of the brain are affected,
l eading to ischaemic changes in the deep white matter, associated
with generalised atrophy. Some authorities consider this to be a
form of multi-infarct dementia, but others regard the changes as
non-specific senile changes.

CT There is generalised atrophy with multifocal or generalised
l ow attenuation of the white matter, particularly around the ventri-
cles (Fig. 58.72). There is no enhancement after contrast medium.
Other findings reported in some cases include lacunar infarcts in
the basal ganglia. However, similar low-attenuation changes may
be seen in the brains of many elderly people who are normo-
tensivc and without dementia or other neurological signs. Lacunar
infarcts and atrophy are also non-specific.

MRI MRI will demonstrate the white-matter changes more
sensitively than CT and will also show the generalised atrophy.
Periventricular lesions are well shown but it should be realised
that these are not specific and similar lesions may be seen in some
symptomless elderly patients.

Mitochondrial cytopathy
Fig. 58.71 (A) Multiple dilated perivascular spaces are present on the

This is a group of diseases that have in common a defect in mito-
T 2 - weighted axial image in this patient with mucopolysaccharidoses.
(B) Tz sagittal image through the craniocervical junction in Morquios' syn- chondria, with consequent deficiency of enzymes controlling oxida-
drome showing a small foramen magnum and some cervical cord impinge- tive phosphorylation and/or the respiratory chain. They frequently
ment. There is odontoid hypoplasia and ligamentous and dural thickening i nvolve muscle and may cause a proximal myopathy. Involvement
contributing to the small foramen magnum. of the CNS can result in very varied clinical presentations associ-

ated with elevation of the serum and CSF lactate (Figs 58.73,
there are alterations in the hemisphere myelin resembling leu- 58.74). The typical presentations include:
codystrophy. The white-matter changes have been characterised
by MRI (Fig. 58.70). I . Myoclonic epilepsy with ataxia

2. Ophthalmoplegia with retinal degeneration, which is often asso-
Mueopolysaccharidoses The skeletal abnormalities seen in these ciated with heart block and elevated CSF protein
l ysosomal storage disorders have been described in Chapter 35. 3. Stroke-like episodes, often associated with episodic vomiting
Diagnosis is made by the characteristic urinary mucopolysaccha- and cortical blindness.
rides combined with the clinical picture (Fig. 58.71).

The disease is transmitted through the maternal cytoplasm and is
I maging The brain shows atrophy and hydrocephalus and in non-mendelian. The affected persons are often short in stature.

some cases megalencephaly. White-matter changes appear as
diffuse low attenuation at CT or as high signal on T,-weighted
MRI images.

Fig. 58.73 (A) Axial T 2- and (B) coronal T 1 - weighted images showing
extensive signal abnormality in the cortex and white matter of the right

Fig. 58.72 (A,B) CT of elderly demented patient. Cortical atrophy i s mild cerebral hemisphere in MELAS. There is some mass effect and note that
but there are extensive areas of patchy l ow density in the deep cerebral the signal change involves all three vascular territories, although is largely
white matter. Binswanger's disease. posterior in distribution. There is also cerebellar atrophy.



Fig. 58.75 Mitochondrial cyto-
pathy. Four-year-old boy with
ataxia, myoclonus and drowsi-
ness. MRI (T 1 -weighted) reveals
l oci of high signal in the lentiform
nuclei and parietal white matter
extending into posterior limbs of
internal capsule.

The histopathology includes subacute necrotising encephalo-
myelopathy associated with proliferation of capillaries and glia and
with spongiform degeneration. The distribution, reflected in the MRI In the generalised epilepsics imaging is usually negative or

appearances, includes symmetric necrosis in the basal ganglia, spongi- shows only evidence of trauma due to the seizures; but if a

form change with increase in T, and T
2

i n the thalamus, brainstem causative focal lesion is found, the diagnosis will change from gen-

and/or hemispheric white matter (Fig. 58.75). In the more chronic pre- eralised to secondary generalised epilepsy.

sentations such as Kearn-Sayer syndrorne there may be basal ganglia In patients with seizures of recent onset, imaging (either CT or

calcification associated with atrophy, which may be marked in the MRI) is recommended in most cases: in developed countries,

cerebellum and brainstem. The stroke-like episodes arc reflected in causative lesions will be found in only 5-10% (usually neoplasms);

focal abnormalities closely resembling infarcts. in some less developed countries it can be as high as 50% due to
tuberculosis or cysticerosis. Malformations of cortical development,
whether focal, lobar or generalised, are much more common in
focal childhood epilepsies, and are rarely found with late-onset

Box 58.6 gives the classification of seizures by the Commission
seizures.

of Classification of the International League Against Epilepsy;
In patients with partial epilepsy of habitual type, the causative

Box 58.7 gives the classification of myoclonus and epilepsy lesions are shown by MRI in about 20% of cases overall, and in up

syndromes.
to 60% in some types. The lesions found, in approximate order of

Partial seizures are further subdivided into the suspected lobe or
prevalence, are:

region of origin based on seizure semiology. Thus we have tempo- • Hippocampal sclerosis (over 50% of the total) (Figs 58.76,
ral lobe seizures (mesial or lateral temporal neocortex), frontal 58.77)
(jacksonian, supplementary motor, premotor, cingulate, orbito- • Benign neoplasms
frontal) and parieto-occipital. There is also an important distinction • Cortical scars

between habitual and recent onset seizures, and symptomatic • Vascular lesions (Fig. 58.78)
epilepsy where seizures occur as part of other diseases. • Malformation of cortical development.

I nfantile and childhood epilepsies
• Infantile spasm
• Lennox-Gastaut syndrome
• Cryptogenic myodonic epilepsy

Adolescent epilepsies
• Early morning myoclonus with tonic-clonic seizures
• Myoclonus simple absence

Progressive myoclonic epilepsies
• Lipidoses
• Ceroid lipofuscinosis (Kufs' disease)
• Lafora body disease
• Sialidosis
• Mitochondrial cytopathy
• Baltic myoclonus

Partial seizures (localisation related, focal)
Simple (consciousness unimpaired)
• Motor
• Somatosensory
• Autonomic
• Psychic

Complex (impaired consciousness)
• Beginning as simple
• Complex at onset
• Secondary generalised

Generalised seizures
• Absence seizures
• Myoclonic seizures
• Clonic seizures
• Tonic seizures
• Tonic-clonic seizures
• Atonic seizures

Fig. 58.74 Bilateral mature cystic cleft-like lesions have occurred in the
l entiform nuclei in this patient with a mitochondrial cytopathy. (A) Axial
MR T2 W. (B) Coronal MR T2 W.
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appropriate for investigating habitual epilepsy in general. HS
usually seems unilateral on imaging, so diagnosis is affected by
comparing the two sides. Measurements of volume and relaxometry
are not usually necessary but may aid detection of bilateral abnor-
malities. CT does not detect HS at all.

Neoplasms These are benign and are usually centred on cerebral
cortex of usually temporal or frontal lobes. They are often cir-
cumscribed. The commonest in this context is dysplastic neuroep-
ithelial tumour (DNT), described elsewhere.

Hippocampal sclerosis (HS) Neurone loss and gliosis maximal
Cortical scars These may be small or extensive. They usually

i
n hippocampal subfields CAI and CA4 manifests on MRI as (I) involve frontal lobes. They result from trauma, infarction or infec-

reduction in volume, and O2 in
tions, in descending order of frequency.

creased signal on T2 - weighted
i mages. These features are confined to the hippocampus. Vascular lesions These are usually cavernous and sometimes
Although many extrahippocampal abnormalities have been arteriovenous malformations involving cortex of usually frontal
described on MR1, none are reliable in isolation and the signifi- or temporal lobes. Their appearances on MRI and CT are
cance and even the existence of some are doubtful. The optimal described elsewhere.
MRI protocol for detection of HS is as follows.

Dual-echo fast spin-echo acquisition in the coronal plane, slice Malformations of cortical development (MCD) These can take
thickness 5 mm, and a T,-weighted volumetric acquisition also in many forms, and appearances on MRI and CT are described else-
the corona) plane, with slice thickness 1.5 min or less. The dual where. An important one in the context of partial epilepsy is focal
echo acquisition is designed to maximise contrast resolution for cortical dysplasia, which manifests on MRI as focal cortical
detection of T,-dependent signal change, and the volumetric acqui- thickening, blurring of the underlying grey-white matter interface
sition for volume loss. We usually also add a coronal FLAIR acqui- and variable signal change in the underlying white matter. Most
sition: it sometimes aids recognition of snmatl cortical abnormalities involve frontal or temporal lobes; they usually are 1-2 cam in size,
that might otherwise be overlooked. This protocol is therefore but can be more extensive. They are indistinguishable from corti-

Fig. 58.76 (A) Diagram of hippocampus and its relationships. A. Lateral aspect of left
temporal lobe. B-E Coronal sections from before backward at levels shown in A.

Ch F = choroidal fissure; F = fimbria; MD = margo denticulatus (dentate gyrus); HFi =

hippocampal fissure; TH = temporal horn; CAI = four regions within hippocampus itself;
PHG = parahippocampal gyrus; UN = uncus; EC = entorhinal cortex; UG = uncinate gyrus;
SLG = semilunar gyrus (part of amygdala); GA = gyrus ambiens; HF = hippocampal forma-
tion; OF = uncal fissure; CS = collateral sulcus; UN = uncal notch; SUB = subiculum.
(B) Coronal MRI section through left medial temporal lobe at level of C above. T,-weighted.
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Fig. 58.77 (A) Corona) MRI sections, T2 - weighted, through hippocampal bodies, corresponding to level E of Fig. 58.76A. The left hippocampus is smaller than
the right and shows higher signal. Hippocampal sclerosis. (B) Coronal MRI (FLAIR) image at level of hippocampal body accentuating high signal in left hip-
pocampus. (C) T,-weighted image at similar level from a 3D accumulation, showing the left hippocampus to be much smaller than the right.

cal tubers in tuberous sclerosis. A special case is the hypothalamic refractory to drug treatment may benefit from surgery designed to
hamartoma, found very frequently in patients with gelastic cure or ameliorate the epilepsy itself. Seizure outcomes are best

seizures. after resection of hippocampal sclerosis, about 80% of carefully
selected patients can expect to become seizure-free and off drugs.

Neurosurgery and epilepsy Focal resections of neocortical lesions usually result in only 50% or
Symptomatic epilepsy may require neurosurgery to treat progres- l ess being seizure-free, and resection of histologically normal

sive pathology for its own sake. Patients with habitual epilepsy tissue, less than 20%. Non-resective surgery is used sometimes to



Ultrasound is able to demonstrate the normal brain structure in con-
siderable detail. The coronal sections are particularly valuable for
showing focal abnormalities as advantage may be taken of the
brain's symmetry. A series of landmarks in both coronal and sagittal

Technique The ideal equipment for the examination of the infant planes has been described which allows recognition of the position

brain is a high-resolution sector real-time scanner, fitted with a at which the scan has been taken, and subsequently the acquisition

5 MHz (or higher frequency) transducer. The scan head should of standard reproducible sections. The position of these sections is
i deally be as small and manoeuvreable as possible. The sector illustrated diagrammatically in Figure 58.79.

field of view is particularly well suited for showing the maximum Within the brain, structures containing CSF, such as the ventri-

area of information through a small acoustic window. This type of cles and cisterns, appear anechoic; normal brain tissue generates

equipment is usually mobile. It is taken to the infant and the trans- low to mid-level echoes; higher-level echoes are generated from the

ducer applied to the head via a port-hole in the incubator. In this cerebellum, the sulci and vascular structures. It is likely that a great

way the baby is almost undisturbed by the examination. deal of the internal echo reflection in the brain is due to the collagen

If this type of equipment is not available it is possible and rea- content of the pia, ependyma and the vascular sheaths. One of the

sonable to examine the brain with either conventional static or most echogenic intracerebral structures seen with ultrasound is

linear-array real-time equipment, provided that a suitable high-fre- choroid plexus. This stretches around the floor of the lateral ventri-

quency transducer is available (5 MHz). The linear-array transducer cles from the foramen of Monro into the temporal horns, enlarging

has a long rectangular scan head and field of view. Provided the at the level of the glomus in the trigone before sweeping down into
acoustic window is suitable, it is increasingly used to optimise the temporal horns. The bones of the vault also produce highly

detail. echogenic reflections and so may he useful as landmarks.

Functional imaging in epilepsy
PET and especially SPECT have a long history of clinical applica-
tion in epilepsy. However, in recent years their role has diminished
because of the much greater specificity of MRI. The reliability of
l ocalisations achieved by PET and SPECT in MRI-negative cases
i s questionable; depth electrodes or surface grids are necessary and
they often fail to confirm localisations in such cases. Some units
still practise what has been termed multimodality convergence in
presurgical work-up: the results from MRI, SPECT (and PET), neu-
ropsychology and videotefemetry are compared to clinical features,
and surgery is considered in the context of how well they converge.
I n most units, however, less than 1 0% of MRI-negative cases come
to surgery. MRI therefore is paramount.

Fig. 58.78 Coronal MRI (T 2 -weighted). Abnormal vessels are shown in
the right medial temporal lobe involving the hippocampus. Angioma.

ameliorate devastating epilepsy: corpus callosectomy, functional
hemipherectomy and multiple subpial cortical transection.
Diagnostic neurosurgical procedures include depth electrode and
surface grids placement, usually designed to test a hypothesis con-
cerning site of seizure onset.

In each examination a series of closely spaced scans is made in
both the coronal and sagittal planes by altering the angulation of
the transducer to the fontanclle. The aim is to include as much as
possible of the brain on each scan. A more limited access may also
be possible through the posterior fontanelle and through the sutures.
Occasionally it may be of value to image directly through the skull
vault. The larger the fontanclle and therefore the freer the access,
the better will he the images. As the fontanelle begins to decrease in
size the access becomes more limited and the visualisation of the
brain less complete. Ultrasound studies of the brain are most valu-
able in the first 6 months of life.

Indications The two most common abnormalities of the neonatal
brain requiring confirmation or exclusion by imaging techniques
are hydrocephalus and intracranial haemorrhage. These are the
major indications for an ultrasound scan in the neonatal period. It
i s now widely accepted that ultrasound reliably and accurately
demonstrates the size of the lateral ventricles and also sensitively
detects the presence of intracerebral haemorrhage. Hydrocephalus
may result from congenital malformation. Haemorrhage into the
ventricles or subarachnoid space may also cause hydrocephalus. It
may also develop following intrauterine infection such as toxo-
plasmosis. The definitive surgical management of hydrocephalus
i s to perform a shunt procedure of some type. The success of the
procedure and the early complications such as shunt failure may
also be followed by ultrasound.

The incidence of intracerebral haemorrhage is considerably
i ncreased in premature infants. With the growth of high-risk nurs-
eries, allowing the survival of very premature infants, this compli-
cation is increasingly frequently seen and needs evaluation. The
diagnosis of intracerebral and intraventricular haemorrhage may be
made with ultrasound.

Meningitis is a comparatively common infection in some parts
of the world. In young infants the progress of the disease and the
results of medical and surgical treatment may be monitored effec-
tively and simply with ultrasound. The common complications are
ventricular enlargement, subdural c%%usions and cerebral oedema,
all of which may be well shown with trans fontaneIlar scanning.
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Fig. 58.79 Diagram showing three stan-
dard sagittal sections (A) and six coronal
sections (B).

In the first coronal plane the transducer is angled anteriorly in the fetus. It is also present in about half of all full-term infants. It is
fontanelle, producing a section through the frontal lobes, seen sepa- seen more commonly in premature infants. Its incidence decreases
rated centrally by the interhemispheric fissures and the falx. The sharply with age, and by 6 months compares with the low percent-
l ateral ventricles will not be seen in this section. The far field land- age reported in adults. The roof of the lateral ventricle is formed by
mark is the high-amplitude echoes from the orbital roofs and the the corpus callosum, which is echogenic, and the floor by the head
central echoes from the ethmoid complex extending downward to a of the caudate nucleus, with lower-level echoes.
l ower level. With the transducer angled vertically the fourth coronal plane

As the transducer is angled slightly back to the second position passes through the third ventricle which is not usually resolved in
the far field landmark changes so that the lesser wings of the sphe- this plane when of normal size. A very prominent far field land-
noid, with the greater wings of the sphenoid behind, are seen mark is formed by the paired C-shaped echoes from the para-
forming the anterior floor of the temporal fossa. The anterior horns hippocampal gyri and medial surface of the temporal lobes
of the lateral ventricles may be seen in this section as small slit-like (Fig. 58.81). Part of the sylvian fissure will again be seen in this
spaces either side of the central midline echo. section. The bodies of the lateral ventricles now lie more horizon-

Angling the transducer slightly further back so that it is almost tally and reflections from the choroid plexus may be seen in the
vertical produces the third coronal section where the most promi- floor of the ventricles.
nent landmarks are the sylvian fissures. These are seen just behind Angling the transducer posteriorly on the fontanelle leads to the
the lesser wings of the sphenoid and run laterally and outward, fifth coronal section where the prominent landmark is the highly
becoming Y-shaped between the temporal and frontal lobes. Within echogenic tentorium and cerebellum shaped like an inverted V.
this echo complex, pulsation from branches of the middle cerebral Slight further angulation will bring into view the echogenic diver-
artery will be readily seen. This section lies just anterior to the gent bands characteristic of the glomus of the choroid plexus. These
foramen of Monro, and between the lateral ventricles the echo- are the landmarks for the sixth section (Fig. 58.82). In the normal
free box-like structure of the cavun septi pellucidi may be seen infant the choroid plexus will always be seen in this section,
(Fig. 58.80). This is present during fetal life where it is used as a although the fluid-filled ventricles will not always be separately dis-
l andmark to optimise a measurement of biparietal diameter in the tinguished around the choroid.

Fig. 58.81 A coronal section in the fourth position showing the
prominent landmark of the parahippocampal gyri (HG). V = lateral
ventricles.

Fig. 58.80 A coronal section in the third position showing the bodies of
the lateral ventricles (V) and the sylvian fissures (SF). Lying between the
l ateral ventricles is the cavum septi pellucidi (CSP).



Fig. 58.82 A coronal section in the sixth position showing the charac-
teristic echogenic choroid plexus (CP).

Fig. 58.83 A sagittal section in the midline showing the echogenic
cerebellum and the fourth ventricle (arrow) posteriorly.

Fig. 58.84 An angled sagittal section showing the full sweep of one
l ateral ventricle around the caudate nucleus and thalamus.

The lateral ventricles in the normal neonate may be small and diffi-
cult to define accurately. The mean width of the lateral ventricle in
the full-term infant is 12 mm and in the 30-week premature infant
9 min, measured at the level of the body of the lateral ventricle
(coronal section 3). In the past the measurement of the width of the
l ateral ventricle has usually been expressed as a ratio of the dis-
tance to the skull vault. In axial CT scanning, deviation of the
medial walls of the lateral ventricle is an early sign of dilatation but
the normal ratio of up to 30% appears too large when measured by
ultrasound in the coronal plane and the ratio may not be valid in
this circumstance.

The trigone and occipital poles of the ventricles are generally the
l argest part of the entire ventricular system, but no convenient land-
mark exists to monitor changes in size accurately and in any event
there may be considerable variation in the shape of these structures.
However, early dilatation is often most prominently featured in the
trigone, occipital and temporal horns, possibly reflecting the lesser
compliance of the supporting structures in this region.

Ultrasound has proved to be accurate and reliable in detecting
and grading the severity of hydrocephalus and is ideally suited to
following progress. Figure 58.85 is a coronal section at the level of
the bodies of the lateral ventricles showing the appearances of
established hydrocephalus. Further evaluation of hydrocephalus to

establish a precise aetiology may require diagnostic procedures in
addition to ultrasound. However, in certain instances, ultrasound
may provide most or all of the answers. In addition to the diagnosis
and follow-up of hydrocephalus, ultrasound may also be helpful in
following shunt procedures, particularly in the evaluation of
complications.

Besides hydrocephalus other cystic lesions within the brain may
show well. In hvdrcniencephaly no brain parenchyma is present

above the level of the midbrain and no cortical mantle is seen. The
Dandy-Walker syndrome has a characteristic appearance where

cystic dilatation of the fourth ventricle can be recognised

( Fig. 58.86). This condition must, however, be distinguished from a
retrocerebellar arachnoid cyst which may produce a similar appear-
ance. In the latter instance, however, a normal fourth ventricle is
identified compressed anteriorly by the cyst (Fig. 58.87). A wide
variety of other cystic lesions has been described, such as holo-
prosencephaly (Fig. 58.88).

Rotating the transducer through 90° into the sagittal plane, the

first sagittal section is taken in the midline. The sulcal detail is
usually prominent and the cingulate sulcus containing the branches
of the anterior cerebral artery can be identified. The echogenic
cerebellum is seen posteriorly, and anterior to this the fourth ven-
tricle can be recognised. Above this the third ventricle and the
massa intermedia are demonstrated, and often the aqueduct of
Sylvius is outlined. The clivus forms the far field landmark
(Fig. 58.83).

The second parasagittal section is angled about 15' away from
the midline and shows almost the full sweep of the lateral ventricle
containing the echogenic choroid plexus. Within the sweep of the
ventricles the rounded mass is formed by the thalamus and cau-
date nucleus (Fig. 58.84). The far field landmark is the floor of
the middle fossa. The third parasagittal section is angled out-
ward about 30°, lateral to the ventricle and through the sylvian

fissure.



Fig. 58.87 (A) A coronal section. (B) A sagittal section showing the findings of a retrocerebellar arachnoid cyst for comparison. Note that in the sagittal
section the cerebellum (Cb) and the fourth ventricle (iv) can be seen compressed forward by the cyst.

The vascular choroid is also an important site for cranial haemor-

The germinal matrix i s a neural vascular tissue in the fetus which is rhage in infants. The shape of the choroid plexus as it surrounds

normally involuted by term. It is situated subependymally in the the caudate nucleus and thalamus is fairly constant so that any
ventricles and is prominent in the groove between caudate nucleus i rregular increase in size is suspicious of haemorrhage (Fig. 58.90).
and thalamus. This is a frequent site for haemorrhage in premature The symmetry of the two sides may also be of value in detecting
infants (Fig. 58.89). abnormality.

Fig. 58.86 (A) A coronal section.
(B) A sagittal section showing the
characteristic findings of the Dandy-
Walker syndrome. There is cystic dila-
tation of the fourth ventricle filling the
posterior fossa. A shunt is in place.

Fig. 58.85 (A) A coronal section
showing the typical appearance of
hydrocephalus involving the lateral
and third ventricles. The section is
through the foramen of Monro.
Echogenic haemorrhage is within
the ventricle. (B) A ventricular
shunt in position more posteriorly.
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Fig. 58.88 Coronal section showing the single fused ventricle typical of
holoprosencephaly. Fig. 58.91 A sagittal section showing the characteristic appearances of

advanced periventricular leucomalacia (PML) as periventricular cystic
spaces.

Fig. 58.92 Coronal section showing extensive reflective intra-
parenchymal haemorrhage.

Fig. 58.89 A coronal section in a premature infant showing a typical
reflective haemorrhage (H) from the germinal matrix. A mass effect from
the haemorrhage is distorting and elevating the lateral ventricle on this
side.

periventricular white matter, which may develop during episodes of
hypotension. Ultrasound may show a periventricular increase in
echo amplitudes, with follow-up studies showing formation of
cystic spaces. In term neonates, intraparenchymal haemorrhage
may be diffuse and petechial in the cortical areas.

The diagnosis of intracerebral, periventricular and intraventricu-
l ar haemorrhages may be made reliably using ultrasound where the
haemorrhage shows as a brightly reflective area (Fig. 58.92). This is
mainly due to the fibrin mesh formed, which produces multiple
reflecting interfaces for the ultrasound beam. Subarachnoid haem-

orrhage is not reliably demonstrated using ultrasound, but subdural

haemorrhage is usually shown as a crescentic echo-poor region
separating brain from the skull vault (Fig. 58.93). Haemorrhage,
particularly in premature infants, may rupture into the lateral ventri-
cles. This may enlarge the ventricles, either due to brain tissue loss
and atrophy or to hydrocephalus due to CSF flow obstruction. The
combination of both may occur, and monitoring to show progress or
stabilisation is important in these circumstances.

Trauma to the infant brain due to birth or accidental injury pro-
duces a combination of the types of haemorrhagic or ischaemic
change already described. Non-accidental injury to the brain may
produce pathognomonic shearing injuries at the grey-white matter
i nterface. This appears typically as small linear slit-like cavities,
optimally demonstrated with the linear-array transducers.

Fig. 58.90 A posterior coronal section showing asymmetric enlargement
of one choroid plexus (H) typical of haemorrhage.

White-matter haemorrhage occurs in both preterm and full-term
i nfants. In the former it is associated with perii'entricular leucoma-

lacia (Fig. 58.91). This lesion is attributed to underperfusion of the
boundary zones between different arterial territories within the



Because brain tissue has no mechanism for storage of oxygen or
glucose, local blood flow in the normal brain correlates well with

Absolute uptake of exametazime is affected by numerous factors
which vary between individual subjects, so interpretation gener-

ally relies upon the use of specific reference areas in the image to
give an indication of normal flow. For most purposes, the cerebel-
l ar hemispheres may be taken as normal flow indicators. Cortical
uptake is normally fairly homogeneous and white-matter struc-
tures are identified as areas of low uptake in the subcortical.
periventricular and capsular areas. Increased separation between
the heads of the caudate nuclei indicate dilatation of the lateral
ventricles. Sagittal slices are helpful in comparing regional uptake
i n frontal, parietal and occipital lobes with the cerebellum,
although cortical atrophy may lead to partial volume effects

causing spurious hypoperfusion on sagittal images, particularly in
the frontal region. Coronal images overcome this problem and
should also demonstrate the mesial and lateral components of the
temporal cortex.

` 91 "Tc-HMPAO (exametazime) requires no patient preparation. The
typical activity of 500 MBq is injected intravenously with the
patient in a quiet stable environment. Images may be obtained from
20 min to several hours after injection because the tracer distribu-
tion in the brain is stable during this time. Dedicated multidetector
imaging devices will produce the best resolution, but diagnostic
results may also be obtained using a rotating gamma camera, taking
care to position the camera head as close as possible to the patient
during rotation. Volumetric data are displayed in standardised axial.

Dedicated PET imagers provide the best spatial resolution for coronal and sagittal planes, and colour displays may be used to

scintigraphic studies of the brain. Proximity to a cyclotron is essen- i ncrease the conspicuity of low contrast features in the recon-

tial for receptor studies using short-lived tracers labelled with strutted images.

carbon-11, or flow studies using oxygen-I5 labelled water as a
marker. Although much of the research and development work in

brain metabolism has involved the use of PET tracers for blood
flow, glucose metabolism using '"FDG, neurotransmitter and other
receptor activity, these have not yet been widely translated into
routine clinical applications. A brief review of the current and
potential clinical applications of PET is given in Chapter 59.

SPECT using a conventional single or multiheaded gamma
camera mounted on a rotating gantry offers tomographic imaging
of useful diagnostic quality. Improved resolution is obtained by
using a dedicated single-photon brain imaging array, with the dis-
advantage that the device is unsuitable for other scintigraphic
applications.

Numerous different approaches have been employed for brain
imaging using radionuclides. Anatomical studies using pertechne-
tate and other extracellular fluid tracers have been superseded by CT
and MRI. Techniques for mapping regional cerebral blood flow have
important clinical applications, which are described below. Specific
agents targeted at neurotransmitter sites and other receptors are used
extensively in research and are beginning to enter the clinical arena,
particularly in relation to Parkinson's disease. Tracer studies of CSF
flow are now rarely required, but may occasionally be helpful.

neuronal activity. Inert gases arc effective markers of' regional
blood flow, but have technical drawbacks. Krypton-81m with its
l ow solubility in blood and its short half-life of 14 s, allows
continuous measurement of regional blood flow, but the same
properties require its delivery by intracarotid infusion. A rebreath-
i ng method using xenon-133 (half-life 5.3 days) offers a non-
i nvasive method for assessment of regional blood flow, but the
greater solubility and long half-life of xenon allow recirculated
activity in the scalp, which causes image noise. A more practical
approach emerged with the development of tracers based on small
lipophilic molecules which readily cross the blood-brain barrier
and arc retained within brain cells. The first of these to be widely
used was iodoamphetamine labelled with iodine-123 (]"I-IMP),
but for most clinical applications agents labelled with "°'Tc
and commercially available in kit form have major practical

Fig. 58.93 A transcranial section showing a large crescentic subdural
advantages. Two of these agents are currently widely available-

haematoma. exametazime (`°I"Tc-HMPAO) and ethylcysteinedimer (`fI"Tc-

ECD). HMPAO has a high extraction efficiency by brain tissue.
About 5% of the injected dose is taken up by brain tissue and only
a small proportion of this is washed out in the first few hours after
injection, giving an ample time window for imaging. ECD has
some practical advantages in that it is more stable in vitro and its
extraction efficiency is slightly better than HMPAO, but the
kinetics of ECD in abnormal brain are as yet less well established
than those of HMPAO.
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later and then declines gradually over the next 1-2 h. The degree of
augmentation of flow after Diamox, described as `cerebral perfu-
sion reserve', may be as much as 40% increase over resting flow in

I n acute stroke, symptoms and signs of brain injury are associated normal subjects. The degree of reserve in patients is often unrelated
with changes in regional cerebral blood flow; however, the conse- to the severity of vascular stenoses, particularly in the extracranial
quent structural abnormalities may take hours or even days to arteries. Loss of perfusion reserve carries a poor prognosis, with a
become visible on CT or MRI. For example, 8 h after the clinical

high risk of subsequent stroke, and this assessment may be used as
onset of acute stroke, only about 20% of patients will show CT a selection criterion for patients who arc candidates for carotid
abnormalities in the affected area, whereas 90% will show local

artery surgery or stenting. Pre- and post-Diamox studies can he
blood flow abnormalities on SPECT imaging. Although the ding-

carried out either on the same day or on consecutive days, and sub-
nosis of stroke is essentially clinical, early SPECT imaging may be traction images can be used to highlight the areas of abnormal
used to establish the presence and extent of the blood flow deficit.

reserve. Diamox should not be given to patients who suffer from
The magnitude of the deficit, when SPECT is performed in the first

migraine, since it may induce severe headache.
few hours after onset of a stroke, is a fairly good indicator of the In summary, the value of rCBF SPECT imaging in suspected
eventual outcome-the more extensive the initial deficit, the worse

stroke is:
the prognosis for recovery. A further guide to prognosis may be
obtained by repeating the SPECT study about 24 h after onset, 1. For triage-to distinguish stroke from TIA in the acute stage.

an early recovery in the perfusion deficit being a good prognostic 2. To show the extent and distribution of abnormality, which will

indicator. help to identify the likely site of arterial occlusion (Fig. 58.94).

After the initial ischaemic insult, cell death in the infarcted area 3. To demonstrate areas at risk of further damage, and those

effectively reduces the oxygen and glucose requirement so that a areas with possibility of recovery (Fig. 58.95).

continuing deficit in blood flow may not result in further neuronal 4. To monitor thrombolytic therapy.

damage. However, a common finding in the subacute phase of
stroke is that the blood flow deficit shown on SPECT is more Dementia
extensive than the structural changes of infarction which appear on A gradual and global reduction in cortical blood flow is a feature of
CT. This discrepant area, described as the SPECT 'penumbra', may normal ageing in asymptomatic subjects. Specific variations in
indicate an area of ischaemic but viable tissue which is potentially rCBF are associated with different types of dementia.
recoverable. Alzheimer's disease accounts for about 50% of patients with

The appearance of 'luxury perfusion' commonly occurs progressive dementia. Pathology shows loss of neurones, fibrillary
2-28 days after the onset of a stroke. This is a variety of reactive tangles, amyloid deposition. granulovacuolar degeneration and neu-
hyperaemia with increased flow through the infarcted area. ritic plaques. Clinical criteria for Alzheimer's disease (AD) are
Experimental work suggests that much of this flow is non-nutritive, helpful, but are relatively non-specific, so that autopsy studies show
so that the normal consistent relationship between How and the the typical pathological changes of AD in only 50% of patients with
uptake of oxygen and glucose in the local tissues is lost. However,
the uptake of HMPAO is unchanged or in some cases more avid
than normal, so SPECT studies carried out during this period arc
likely to underestimate the true ischaemic deficit. The correlation of
l ong-term abnormalities on SPECT with chronic infarcts shown
on CT is fairly good, except that the resolution of SPECT is

i nadequate for small cortical and lacunar infarcts.
Crossed cerebellar diaschisis describes the phenomenon in which

cerebral infarction leads to diminished perfusion in the contralateral
cerebellar hemisphere, due to loss of linkages which normally stim-
ulate neuronal activity in the cerebellum. This deficit is often seen
when there is extensive cortical infarction, and it persists through-
out the period of luxury perfusion in the subacute phase. A similar
reactive fall in perfusion may occur in the cortical areas which
overlie deep-seated infarcts. Since cerebellar blood flow is usually
used as a reference point for assessing regional cortical flow, it is
important to bear in mind the possibility of unilateral perfusion loss
when cerebellar activity is asymmetric.

As a prelude to surgery or angiographic intervention, SPECT

i maging may be used to assess the degree and extent of functional
deficit which is associated with arterial stenosis or occlusion. An

alternative approach uses acetazolamide stress testing to measure
perfusion reserve. Acetazolamide (Diamox) is a carbonic anhydrase
i nhibitor which mimics the effect on the cerebral circulation of
i ncreasing the concentration of circulating carbon dioxide. An intra-
venous injection of I g of acetazolamide normally causes an
i ncrease in cerebral blood flow that reaches a peak about 20-30 min

Fig. 58.94
99

"Tc-exametazime brain SPECT: axial (A), Coronal (B), right
parasagittal (C) and left parasagittal (D) sections in a patient with massive
i nfarction of the right middle cerebral artery territory. Note severe
ischaemia o5 the Srontai, tempura% and panetai cortex and also oI the basaS
ganglia on the right.



Fig. 58.96 99mTc-exametazime brain SPECT: axial (top row) and left and Fig. 58.98 91"Tc-exametazime brain SPECT: axial (top row) and left and
right parasagittal (bottom row) sections in a patient with suspected right parasagittal (bottom row) sections in a patient with dementia of
Alzheimer's disease. Note the posterior distribution of the major ischaemic frontal lobe type. Note the ischaemic lesions are predominantly in the
areas. frontal lobes on both sides.

Fig. 58.97 19 mTc-exametazime brain SPECT: axial (top row) and left and
right parasagittal (bottom row) sections in a patient with suspected
Alzheimer's disease. The distribution is primarily posterior but quite
asymmetric, unlike Fig. 58.96.

sional patients with multiple sclerosis, and in those with multiple
drug and alcohol abuse.

Lewy body disease (LBD) is the cause of about 20% of demen-
tias in patients over 70. Lewy bodies are intracellular inclusions
found in the basal ganglia and substantia nigra in Parkinson's
disease, but when they are also found in the cerebral cortex they
are associated with progressive dementia. The perfusion abnormal-
ity is less specific than that of AD, but broadly similar in distribu-
tion, although the calcarine and occipital cortices are often also
affected.

clinically `probable' AD. The addition of SPECT rCBF studies
i mproves the accuracy of diagnosis to the extent that 80% of
patients with clinically probable AD and positive brain SPECT are
found to have typical pathological changes at autopsy. The typical
defect of AD is a reduction of flow in the posterior parietal and tem-
poral areas (Figs 58.96, 58.97). This pattern of abnormality is
highly specific in discriminating between AD and normals, and a
little less specific in distinguishing between AD and other demen-
tial, but still highly characteristic. The blood flow changes may
precede the onset of clinical symptoms. Brain atrophy is also a
feature of AD, but is non-specific. The blood flow response to
Diamox is relatively normal in AD. Flow to the basal ganglia is

normal in most patients with AD, while in Parkinson's disease cor-
tical flow is well maintained. However, there is a recognised sub-
group of patients who present with a combination of Parkinson's
disease and AD, and these show the typical cortical abnormalities
of AD. An important differential diagnosis to be made by SPECT is
i n distinguishing AD from similar clinical presentations in occa-

Fig. 58.95
99 ",

Tc-exametazime brain SPECT: axial, coronal and right
parasagittal images showing very extensive perfusion deficits during the
acute ischaemic phase (top row) and substantial improvement several
months later after clinical recovery (bottom row).
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the mesial cortex-is successful in eliminating seizures in over
90% of cases where the abnormal focus can be identified preopera-
tively. Results are much worse if the focus is not identified. The
accuracy of external EEG alone is about 25 (/( and, although
intracranial EEG gives a much better accuracy of 85-90%, it is an
i nvasive and costly procedure. Mesial temporal sclerosis shown on
MRI is often associated with the abnormal focus, but the sensitivity
of about 60%- is still less than desirable for selecting patients for
surgery.

In focal epilepsy, the affected area of the brain shows abnormal
blood flow. During focal fits, the flow to the abnormal cortex is
sharply increased, and it then falls in the immediate postictal
period. In about half of patients, blood flow to the abnormal focus
i s lower than normal in the resting (interictal) phase. A recent meta-
analysis of SPECT imaging in focal epilepsy suggested that the
sensitivity for detecting the abnormal focus was 97%In when the

SPECT was obtained during seizure, 75% for examinations clone in
the postictal stage, and 44%- for interictal studies. Those patients in
whom flow is normal during the ictal or immediate postictal phases
will show a marked hypoperfusion in the interictal phase, so
although ictal studies are the most sensitive, interictal studies are
also worthwhile. Ictal studies require patients to he under continu-

ous observation, with a tracer dose ready prepared and available for
immediate injection when a seizure occurs. Since the tracer is fixed

within the first few minutes after injection, imaging can he delayed
until the patient has been stabilised.

The pattern of abnormality seen in CBF during seizures may
vary from day to day even in the same patient, so multiple studies
are worthwhile. Patients with bilateral foci are less likely to benefit
from surgery. Chronic motor seizures are usually associated
with a frontal cortex focus, again best identified in ictal stu-
dies. About one-third of patients with refractory temporal lobe
seizures over a long period will develop diminished flow in the
cerebellum.

Although the main value of radionuclide studies is to identify a
temporal lobe focus as a prelude to surgery, SPECT may also be
used to exclude from surgery those psychiatric patients with non-
epileptic seizures in whom perfusion remains normal throughout.

Delayed neurological sequelac of trauma after head injury are char-
acteristically associated with blood flow abnormalities in the acute
stage. SPECT studies in the early period after head injury may give
a useful prognostic indicator, as those with normal SPECT are
unlikely to develop late scquelae.

Several tracers have been developed for investigating the patho-
physiology of movement disorders and their response to drug
therapy. The preferred agent for demonstrating the presynaptic
dopamine transporter is 1 23 1-FP-CIT (ioflupane). '- 3 1-beta-CIT has
similar properties but its uptake into the target sites is slower, so
i maging has to he done 18-24 h after injection, while with '- 3 1-FP-
CIT images can be obtained on the same day as injection. For
i nvestigation of the postsynaptic dopamine receptors, the favoured
agent is 1 '3 1-iodobenzamide (IBZM).

Fig. 58.99
99

-Tc-exametazime brain SPECT: axial (top row) and left and
right parasagittal (bottom row) sections in a patient with dementia of
frontal lobe type. Note the marked frontal and temporal ischaemia with
central atrophy as well.

Progression is typically faster than with AD. In addition, the
basal ganglia are typically abnormal in LBD, but normal in AD.
Patients with LBD, who show the typical pattern of bilateral frontal,
temporal, parietal and occipital abnormalities of flow, may also
have a parkinsonian presentation, and in other cases LBD and AD
may coexist in the same patient.

Frontal lobe and frontotemporal dementias, i ncluding Pick's
disease, account for about 15% of demented patients. SPECT
studies show symmetrical reduction in rCBF in both frontal lobes
i nitially, and in later stages both temporal lobes are affected as well
(Figs 58.98, 58.99). In multiinfarct dementia (MID) flow abnor-
malities are related to multiple episodes of cortical infarction. The
distribution of abnormalities is sporadic but tends to be related to
the major arterial territories, rather than the lobar distributions seen
i n AD and the other primary neuronal dementias. Abnormalities are
often asymmetrical, and may involve frontal, temporal and parietal
l obes, usually with multiple areas of diminished flow. The uptake of
CBF agents into white matter is normally about one-third of that in
grey matter. Focal white-matter infarcts (Binswanger's disease)
may show no abnormality on SPECT studies in the early stages, but
more advanced disease can be detected as diffuse or focal loss of
white-matter uptake, often associated with cortical infarcts and
atrophy.

In summary, the aims of rCBF imaging in dementia are:

1. To distinguish the different aetiologies of dementia, as treat-
ment and prognosis arc both influenced by the cause of the disease.

2. To detect disease as early as possible. as treatment is more
likely to be effective than in the later stages of progression.

3. To show the extent and severity of the lesion and to indicate
prognosis.

4. In follow-up, to monitor the progress of disease and the effect
of treatment.

Epilepsy
Surgery for intractable focal epilepsy-usually excision of the ante-
rior two-thirds of the temporal lobe and in some cases the whole of
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Dopamine transport imaging: technique Uptake of these agents is normal controls, i.e. 1.5-2 times the uptake in the rest of the brain.

related to the presynaptic dopamine transporter activity. Patient Initial changes in IPD occur in the putamen and later progress to

preparation includes 5 days of thyroid blockade with potassium the caudate. The abnormality is often bilateral but also typically

iodide. Dopaminergic drugs need not be stopped but tricyclic anti- asymmetrical, being worse on the clinically more affected side.

depressants may interfere with the technique and should be with- Similar findings to those in IPD are seen in patients with progres-

held--prior to the test. High-resolution SPELT images are obtained sive supranuclear palsy and multiple system atrophy. Asymmetry is

3-6 h after intravenous injection of 150-185 mBq of 1 '-3 I-FP-C1T, or more likely in IPD but there is too much overlap to make a distinction

1 8-24 h after a similar activity of 1 23 1-beta-LIT. i n individual cases. Uptake of dopamine transporter tracers in the
striatum is normal in patients with drug-induced parkinsonism and in

Dopamine transport imaging: interpretation Normal subjects those with essential tremor. Patients with `vascular Parkinson's
show a crescent-shaped area of specific uptake in the corpus disease' show an overlap between normal and IPD appearances, but in
striatum, a lesser degree of uptake in the substantia nigra and these cases deep infarcts may be visible on CT.
little or none in white matter. The specific uptake in the stria- Dopamine receptor levels normally decline with age, so in popu-
tum is normally about four times that of the rest of the lation controls the reduction in uptake of tracers in the corpus
brain. declines by about 2-3% per year. Consecutive studies in IPD show

Application: the investigation of movement disorders The
a much more rapid decline of 6 10% per year. Consecutive studies

diagnosis of idiopathic Parkinson's disease is confirmed in only
in patients with essential tremor and in parkinsonian syndromes

about one-half of patients with the initial clinical diagnosis of
associated with cerebrovascular disease, drug therapy, previous

Parkinson's. About one-quarter of presenting patients have parkin-
trauma and psychogenic origins typically show a normal rate of

sonian syndromes, which may be drug-induced or associated with
decline of dopamine receptors.

other degenerative disorders including Huntington's chorea,
In summary, the objectives of clinical SPELT imaging for move-

Wilson's disease, progressive supranuclear palsy and multiple
ment disorders are:

system atrophy. In the remainder of patients presenting with 1. To differentiate IPD from essential tremor and other mimics
Parkinson-like symptoms, the true diagnosis may be essential of IPD.
tremor, early dementia or `gait apraxia', all conditions that do not 2. To establish the diagnosis of IPD as early as possible (images
benefit from anti-Parkinson medication. SPELT imaging of the may be abnormal 3 years or more before the onset of clinical
dopamine transporter system helps to distinguish between the symptoms).
various neuropathologies that may be associated with parkinson- 3. To monitor disease evolution, particularly the effect of
ian clinical presentation (Fig. 58.100). neurorescue' drugs in slowing or arresting the progression of the

Idiopathic Parkinson's disease (IPD) is characterised by loss disease.
of dopamine-containing cells in the substantia nigra. SPELT 1 23

imaging shows reduced uptake in the corpus striatum, the degree of
The postsynaptic D2-receptor ligand iodobenzarnide ( IBZM)

which is proportional to the severity of clinical manifestations. A
may be useful in some clinical situations but its role has not yet

qualitative grading system may be used to indicate the degree of
been firmly established. Initial studies suggest that uptake of this

abnormality:
agent is normal or increased in IPD, particularly in the early stages

of the disease, while uptake is reduced in progressive supranuclear
Grade I-reduced uptake in putamen, caudate normal. palsy, multiple system atrophy, Huntington's chorea and Wilson's
Grade 2 -reduced uptake in both putamen and caudate. disease.
Grade 3 -reduced uptake in caudate, zero uptake in putamen. A further application of

1
231-FP-CIT may be in the differentiation

Studies on a mixed group of patients with Parkinson's disease
of Alzheimer's disease (normal striatal uptake) from Lewy body

showed uptake in the striatum to be approximately half that of dementia (similar pattern to IPD).

Radionuclide cisternography
CSF dynamics can be investigated by injecting a suitable tracer into
the subarachnoid space, either by lumbar puncture or preferably by
lateral cervical or direct eistemal puncture. One such agent is indium-
I Il-DTPA, which is not absorbed by the meninges, and has a
sufficiently long half-life (68 h) to allow useful images to be obtained
at 24 or 48 h after injection. The normal pattern of flow of CSF is
from the lateral ventricles, where it is formed, out through third and
fourth ventricles to the basal cisterns, where it mixes with spinal CSF,
and then over the surface of the cerebral hemispheres, where absorp-
tion takes place. Obstruction to flow may prevent the appearance of
the tracer over the cerebral hemispheres on delayed images and in
severe cases CSF may apparently reflux into the lateral ventricles.
The main application for this technique has been in patients with
normal pressure hydrocephalus, in whom the demonstration of

Fig. 58.100 1 23 1 -beta CIT SPECT imaging showing normal distribution of
activity in a patient with essential tremor (A) and diminished putamen

obstruction to flow of CSF was used to assist in the selection of

and caudate uptake i n a patient with Parkinson's disease (B). (Courtesy of patients for bypass surgery. The same technique has also been used to

Dr M. Buxton-Thomas.) search for CSF leaks following trauma, or in patients with sponta-
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Standard clinical imaging systems have generally embraced patient
comfort aspects in terms of their design. Superconducting magnets
have become shorter in bore length and the internal patient aper-
tures are enhanced by use of strongly flared entrances (Fig. 59.1).

These changes in bore size have been accomplished without com-
promising the maximum image field of view or main magnetic field
homogeneity.

Fig. 59.1 Siemens Symphony 1.5 tesla MR system typical of the patient The development of MR systems designed for specialist niche

friendly features, incorporating short magnet bore length and flared patient applications has continued. Smaller, low-field, open resistive
aperture. (Courtesy of Siemens Medical Solutions.) systems still find widespread applications in, for example, extremity
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in hand with the emergence of new applications, which have been
enabled by hardware advances linked to new sequence and acquisition
protocols, which in turn reflect the development of new contrast

The applii ttion of MR techniques to medicine appears to advance agents. Increasingly, MR is providing new, non invasive alternatives

each year with a relentless pace and it would almost seem foolish for to existing imaging techniques, often with improved diagnostic mlor-

someone to suggest what its limitations will be and when these will be matron. There is also a move towards more quantitative imaging tech-

reached. We constantly see refinements and improvements in existing niques, providing data quicker than using other modalities and

techniques, providing enhanced diagnostic information. This is hand without the requirement for multiple imaging investigations. There is
always the temptation to suggest that, as MR becomes more advanced
and faster, the possibility of reduced examination times may result in
higher patient throughputs. However, it is often more realistic to
accept that these advances, while giving some benefits in shorter
examination times, will in the main result in the ability to make addi-
tional measurements, producing more extensive and improved quality
of diagnostic information.

I n this section, covering the recent advances of MRI, we hope to
provide an insight into a few examples of where MR may he posi-
tioned relative to the `routine' in 2-3 years time. Hopefully, if the
development of MR continues unabated at its current pace, further
new and exciting advances will rapidly supersede the information prc-
sented here.



Fig. 59.3 (A) T2 - weighted FSE and (B) time-of-flight angiography of a cerebral arteriovenous malformation acquired at 3 Tesla. (Courtesy of Malcolm
Randall, VA Medical Center, University of Florida.)

Magnetic field gradient coils continue to develop, with increasingly
greater maximum amplitudes and faster rise times. Maximum
amplitudes are now typically 30-40 mT/m or even 50-60 mT/m on
some of the dedicated cardiac and neurological systems operating at
reduced field of view with shorter gradient coils. At optimum per-
formance, many systems now accomplish these maximum ampli-
tudes with rise times of 200 ps or below, at a 100% duty cycle. As a
result of reduced duration of the RF pulse, improvements in gradi-
ent performance result in reduced minimum echo and repetition
times (TE and TR), and improved spatial resolution via increased
matrices and reduced image fields of view (Fig. 59.4). In addition,
high-performance gradients provide the ability to perform echo-
planar imaging (EPT), and enhancements in many other sequence
applications. Improvements in diffusion-weighted sequences are

enabled by higher b-values (sensitivity to diffusion) and increased
speed of acquisition. Contrast-enhanced angiography (CE-MRA)
benefits from shorter TEs. Bolus injection-based dynamic perfusion
i maging achieves greater temporal resolution via shorter TRs, and

Fig. 59.2 An interventional MR suite incorporating a high-field supercon-
ducting magnet and a digital X-ray fluoroscopy facility. Patient transfer
between the MR system and the X-ray fluoroscopy unit is possible while still
within the general environment of an operating theatre. Patient coordinates
relative to the two imaging modalities can be maintained via a patient
couch transport system. (Courtesy of Philips Medical Systems.)

musculoskelctal imaging. In addition, higher field (0.5-1.0 T) open
architecture systems are emerging, essentially aimed at inter-
ventional MR installations. These new interventional systems,
although significantly heavier than standard superconducting
magnets (typically around 10 tons and above), provide the ability to
perform surgical intervention during imaging, along with therapeu-
tic applications such as focused radiofrequency and ultrasound.
Uniquely, MR techniques can provide measurements of tissue tem-
perature during therapy, or in the future, monitor drug delivery
using new MR-visible agents. Furthermore, recent trends in the
development of interventional installations have seen the linking of
MR systems with digital X-ray fluoroscopic units in a single exami-
nation/operating room or in contiguous rooms, thus allowing
patient movement between modalities (Fig. 59.2).

For general clinical imaging, most users now choose 1.5 T super-
conducting systems, with field strengths of I T and below primarily

being applied in niche situations. There is an increasing emergence
of very high field (VHF) systems, with a growing number of 3 T
systems being used for routine and research applications and a
small number of 7-9 T whole-body magnets installed worldwide.
For an optimised 3 T magnet, there are significant advantages for
many neurological applications, in particular spectroscopy, tMRI

and spin-tagging perfusion imaging. In terms of general imaging,
there arc significant hurdles to overcome at 3 T. The main issues
relate to increased T, relaxation times, RF power problems in rela-
tion to specific absorption rate (SAR) and receiver coil design
issues for efficient transfer of a uniform B, (radiofrequency excita-
tion) field. However, for neurological applications the improved
signal-to-noise can give significant benefits (Fig. 59.3).
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Significant developments in computing power have had to be made
in order to benefit from the many hardware innovations already dis-
cussed. Rapid imaging strategies can easily produce hundreds of
images per examination. Dedicated array processors can now
perform thousands of Fourier transforms per second, providing the
ability to achieve real-time imaging. The use of multiple-element
phased array coils and multiple data acquisition channels also
require enhanced computing power, if data reconstruction times are
not to be detrimental to new imaging strategies.

Innovative techniques, for manipulating k-space data, have pro-
duced significant image quality benefits and new methods for
reducing image acquisition times. Partial k-space acquisition strate-
gies, such as half-Fourier and partial echo acquisitions, are now
widely used techniques. Developments in the flexibility of k-space
filling routines have enabled improvements for triggered acquisi-
tion routines in cardiac imaging and non-triggered methods in free-
breathing sequences for abdominal imaging. Reordering of k-space
filling can now produce optimum contrast rendition in contrast-
enhanced angiography. New partial/parallel acquisition techniques,
such as SENSE and SMASH, have provided the ability to produce

Fig. 59.4 The effects of improved gradient performance on duration of
gradient pulses. Increased gradient rise times result in a reduction in the
total pulse length within a sequence for the same useful pulse length.

cardiac imaging has improved significantly, with faster acquisi-
tions now permitting real-time imaging and navigator-echo
corrections.

Ultimately, the limit to gradient performance development is
constrained by considerations for patient safety. Peripheral nerve
stimulation is now a real safety issue when running many routine
rapid sequences. Unfortunately, the geometry of the patient within
the magnet and individual patient sensitivity to the phenomena are
factors dictating the probability of induced nerve stimulation.
Therefore, it is for this reason that current estimations on the likeli-
hood of any possible effects are empirical. Some manufacturers are

now producing double gradient systems and gradient coil inserts
which reduce the high dB/dt (rate of change of magnetic field)
values produced at the ends of standard gradient designs, while
facilitating the possibility of even greater maximum amplitudes and
rise times.

Manufacturers continue to produce an ever-expanding series of
receiver coils, many of which are aimed at specific applications and
parts of the body. The majority arc now quadrature/circularly
polarised in operation, with resulting improved signal-to-noise
ratio. Increasingly, new coil designs are enhancements on previous
coils, based on developments in techniques, for example combined
neck and head coils for neurological applications and peripheral leg
coils for contrast-enhanced angiography. Phased array coils are now
considered standard for spine, body and pelvic examinations. The
principle of phased array coils is to combine the signal-to-noise
properties of small surface coils with large image fields of view
(Fig. 59.5). Wherever possible, phase array technology is being
applied to other body areas such as the shoulder, to give the benefits
of greater signal-to-noise.

The increasing use of several coils at the same time, and multi-
ple-element phased array coils, has led to the provision of multiple
data receive channels and the option of duplexing coils into a single
channel. Some systems have eight independent data channels,
allowing the possibility of up to 16 separate coils or coil elements
to be used simultaneously. Alongside these developments have been
significant enhancements in data handling and processing power.

Fig. 59.5 Principle of phased array coil technology. Multiple coil arrays
provide the benefits of large fields of view along with the signal-to-noise Fig. 59.6 Example of the application of SENSE to abdominal breath-hold
properties of small single-coil elements when signals are combined in an imaging for an elderly patient unable to sustain a long breath-hold. (A) 23 s
array combination. without SENSE; (B) 12 s with SENSE. (Courtesy of Philips Medical Systems.)



1822 A TEXTBOOK OF RADIOLOGY AND IMAGING

The refinement of fast/turbo spin-echo (FSE/TSE) sequences to
permit single shot acquisitions has made breath-hold Tn- weighted
sequences a practical technique. Long echo train lengths of 128
spin echos, often linked with a half Fourier k-space filling
( HASTE), produce heavily T,-weighted images from a single exci-
tation pulse, as shown schematically in Figure 59.8.

The visualisation of the static, long T, pancreaticobiliary fluids
resulting from long effective echo times gives perfect contrast for
MRCP techniques (Fig. 59.9). Single thick-slab acquisitions, which
mimic maximum intensity projection (MIP) images, can be made in
2-3 s. Multiple 2D slices can be acquired in 10-15 s or even 3D

variations in a single breath-hold. Data can then be viewed as an
MIP, with the ability to remove overlying high signal from stomach
or small bowel.Fig. 59.7 (A,B) Rapid T

2
-TSE i maging using SENSE i ll ustrating the

i maging of a fetus in utero. The fast imaging in less than 20 s minimises any
possible artefacts from fetal movement with high signal-to-noise and high
spatial resolution. (Courtesy of Philips Medical Systems.)

significant reductions in acquisition times for sequences setup with
a single signal excitation/average. These new techniques require
multiple coil elements in specific directions within the desired
imaging volume. Existing coils permit the use of these new tech-
niques; however, new designs consisting of coil arrays along multi-
ple axes will extend their application. The resulting shorter
acquisition times will benefit CE-MRA, for example in breath-hold
abdominal imaging and cardiac studies, where temporal resolution
is paramount. Figures 59.6 and 59.7 show examples of the benefits
of the shorter acquisition times in minimising the deleterious effects
of patient movement.

The hardware developments already described have enabled a series
of new sequences to be applied to routine clinical practice. These
sequences, in conjunction with phase array technology, have per-
mitted refinements to existing examination types as well as the
opportunity for MR to be used in innovative and exciting areas of
diagnostic imaging and spectroscopy. The following examples of
clinical applications serve to reflect the breadth of the advances that
MR has achieved.

Fig. 59.9 Single-shot breath-hold MRCP examination. Heavily
T 2- weighted FSE/TSE i mages demonstrate high contrast fluid signal from
pancreatic and biliary systems.

Fig. 59.8 Schematic diagram for a single
shot FSE/TSE sequence. An echo train length
of 128 180 pulses, following a single 90 exci-
tation pulse, fills half of k-space. The effective
echo time TE ett corresponds to those data lines
written to the centre of k-space. The signifi-
cant number of very long TE ethos give a
heavily T 2 -weighted contrast.



Rapid diffusion-weighted imaging and T,'- - weighted, gadolinium-
based perfusion imaging require high specification gradients. Fast
acquisitions minimise problems with patient motion for diffusion
i mages and provide good temporal resolution for dynamic, first-
pass perfusion studies. Diffusion- and perfusion-weighted protocols
can provide key, unique diagnosis for the assessment of acute stroke CE-MRA has recently developed into a standard vascular imaging
patients. Early diagnostic imaging can give essential information, routine for systems with high-performance gradient systems. The

which can dictate strategies for patient management using new
antithrombolitic drugs. New high-specification systems can now

High-performance gradients linked to automated table movements perform a comprehensive brain study in a practical examination
enables rapid imaging, covering the whole of the body. Fast T,- and
T,-weighted FSE/TSE sequences can be planned with automatic,

ti me. Diffusion and perfusion sequences can be added to routine
neurological sequences such as FSE/TSE or GRASE T, FLAIR

sequential movements of the patient through the MR scanner. The
and time of flight angiography. Subsequent analysis of the diffu

whole body can then be scanned in coronal or sagittal planes,
sion data can give an apparent diffusion coefficient map (ADC) to

giving full body views (Fig. 59.10). Additional transverse imaging complement the diffusion weighted images. Similarly, analysis of
can be carried out as required at each relevant table position incre- the dynamic perfusion images produces time to peak (TTP) and
mentation, while still maintaining short, practical examination mean transit time (MTT) maps, along with integral data implying
times. The technique offers exciting alternative imaging methods relative cerebral blood volume (rCBV).
for some aspects of oncological screening. Whole-body STIR

An example of a typical stroke examination protocol, which
i maging can provide a sensitive and fast screening process for hone i ncludes routine imaging along with diffusion and perfusion
t umours and lymph nodes. sequences, is shown in Figure 59.11 . The value of imaging acute

patients in the first few hours following a stroke is illustrated by the
diffusion and perfusion data, as conventional imaging shows no
change until approximately 24 h after the stroke.

Fig. 59.10 (A) Rapid whole-body screening using a moving table facility. Four sets of coronal images with both T, and T2 weighting are acquired to
cover the entire length of the body. (B) Additional transverse images are also acquired at chosen anatomical positions. In total, 750 images are produced in
5 min. Note the high resolution with demonstration of a contained prostatic carcinoma (low signal, arrow) in the left peripheral zone. (Courtesy of Philips
Medical Systems.)



1824 A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 59.11 Comprehensive stroke examination performed after (a) 6 h and (b) 24 h from an acute stroke. The protocol includes routine brain sequences
i n addition to diffusion weighted and

T2`
dynamic perfusion protocols. The whole examination can be carried out in less than 10 min. The early perfusion

and diffusion imaging clearly shows areas of infarct not visible in the standard T 2 and FLAIR images until after 24 hours. (Courtesy of Philips Medical
Systems.)

technique does not rely on either the inflow signal enhance- enhancement following the administration of a gadolinium-based
ment associated with time-of-flight, or the signal phase shift for contrast agent.
moving spins utilised in phase-contrast techniques. Essentially, it is The high equipment performance requirements for CE-MRA
based on the simple, longstanding principle of T 1 - weighted signal relate to the ability to perform a 3D T I - weighted acquisition while a

Fig. 59.12 (A,B) Contrast-enhanced abdominal angiography. A maximum intensity projection image from the CE-MRA 3D acquisition performed during
a 15 s breath-hold and triggered using real-time image monitoring of the contrast bolus arrival. The centre of k-space is acquired at the start of the
sequence, using an elliptical filling strategy to provide optimal signal as the bolus of contrast passes through the vasculature. (Courtesy of Siemens Medical
Solutions.)



planar reconstructions and surface rendering routines can be used to
produce virtual endoscopy images.

Further important contributions to vascular imaging have been
made by the use of high-resolution imaging in conjunction with
dedicated small field-of-view, vascular coils. The main application
has been in the visualisation of thrombus and plaque formation for
carotid artery imaging (Fig. 59.13). The dedicated coils can be used
to obtain high signal-to-noise, high-resolution, black-blood images
demonstrating areas of thrombus.

bolus of contrast passes through the particular vasculature of
i nterest. Therefore, short repetition times, using a flip angle opti-
mised for the shortened T, of contrast-enhanced blood, are needed
to ensure the 3D acquisition takes place while the bolus is within

the area of interest. For abdominal and thoracic applications, the
acquisition additionally needs to be made within a breath-hold
period (Fig. 59.12). Furthermore, exceptionally short echo times
(typically less than 1.5 ms) are also required to minimise intravoxel
signal phase losses due to flow. Real-time imaging routines are used
to monitor the arrival of the bolus of contrast in order to ensure
correct timing of the acquisition. The CE-MRA sequences are also
linked to dedicated k-space filling strategies as alternatives to the
standard linear filling routines. These specialised strategies enable The ability to perform rapid sequences using cardiac triggering with
the centre of k-space (which controls low spatial frequency, con- the latest highest performing gradient systems has catapulted MR as
trast information), to be captured at the peak of the signal enhance- an important tool for cardiac imaging. One of the main strengths
ment from the bolus of contrast agent (Fig. 59.12). Filling strategies of MR is the versatility it brings to cardiac imaging, permitting
i nclude elliptical or centric k-space trajectories, with the central investigations previously performed using several different imag-
portion of the k-space volume being filled at the start of the 3D ing modalities to be carried out in a single, one-stop cardiac exami-
sequence (see Fig. 15.134). nation. Established techniques of black-blood prepared FSE/TSE

The use of short echo times in CE-MRA minimises the poss- and bright-blood, cine gradient-echo acquisitions (TrueFISP/
i bility of dephasing signal losses arising from complex or turbulent BalancedFFE/FIESTA) can provide several slices in a single breath-
flow. The well-recognised signal voids associated with complex and hold. Higher performing gradients, linked with improved cardiac
turbulent flow in time-of-flight angiography and exaggeration of triggering regimens, permit multiple cardiac phases to be measured
vessel stenosis do not normally occur in CE-MRA. Therefore CE- with excellent R-to-R wave coverage. Figure 59.14 demonstrates
MRA offers significant improvements over standard MR angio- examples of the different types of image data that can contribute to
graphic techniques, providing diagnostic information to rival a generalised cardiac examination.
conventional angiography in a non-invasive way. Adaptation of Motion of the myocardium can be imaged and assessed quantita-
bolus contrast injection strategies is used to perform multiple acqui- tively using tagging routines, which use a narrow grid of saturation
sitions over different areas of the body for peripheral angiography. lines applied repeatedly across the image field of view during the
Typically, a steady-state injection of contrast is linked with auto- cardiac cycle. Perfusion can be assessed using a rapid series of
matic incrementation of the patient couch position. Acquisitions are gated acquisitions following a bolus of contrast. Measurements can
performed over three to four positions. The series of images can be made in terms of signal changes in the myocardium. The tech-
then be linked together for display purposes and maximum intensity nique can be used in conjunction with stress induction, using, for
projection images generated (see Fig. 15.149). Furthermore, multi- example, dobutamine administration, to give diagnostic information

that matches both ultrasound- and radioisotope-based techniques.
Reductions in image acquisition times and the use of the latest navi-
gator-echo correction methods have enabled coronary artery
imaging to be a realistic technique for MR. Issues do remain,
however, for patients who are unable to hold their breath for even
short periods. Interestingly, it has been found that a very useful
byproduct of contrast administration during the cardiac examina-
tion has been the development of myocardial viability measure-
ments. Images acquired approximately 10 min postcontrast, using
an inversion recovery sequence to null-out normal myocardium,
demonstrate residual signal from trapped contrast within any
infarcted myocardial tissue.

Clinical spectroscopy continues to develop and remains a key
research tool for the investigation of many neurological diseases,
including stroke, psychiatric disorders, multiple sclerosis, HIV and
oncology. The use of shorter echo times to provide data on import-
ant, short T2 metabolites and multiple voxel acquisitions (chemical
shift imaging, CSI) has extended the clinical application of spec-
troscopy. A huge reduction in examination times for spectroscopy
measurements and automated setup and adjustment routines for
shimming and water suppression have helped ease 'H-spectroscopy

Fig. 59.13 High-resolution carotid imaging for the visualisation of
thrombus. Transverse images through the area of thrombus show excellent
correlation with histology.



Fig. 59.14 A comprehensive MR cardiac examination. The one-stop i nvestigation provides diagnostic information on: (A) myocardial motion using satu-
ration tagging techniques to visualise wall movement through the cardiac cycle; (B) myocardium viability using an inversion recovery technique, 10 min
postcontrast administration; (C) black blood-prepared FSE anatomical images showing atheromatous plaques (arrows); (D) coronary artery angiography;
(E) myocardial perfusion-weighted images acquired immediately after a bolus injection of contrast; (F) tine gradient echo, bright-blood images, for
ventricular volume analysis. (Courtesy of GE Medical Systems.)
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Fig. 59.15 Chemical shift imaging in the brain. Multiple voxels are acquired over slices through the brain. Analysis of the spectra provides quantification
of the measured metabolites using an overlaid map on a reference anatomical image. Individual spectra can be viewed and interrogated from within the
metabolite maps. The spatial distributions of the various metabolites seen can give important clinical information. (Courtesy of GE Medical Systems.)

troscopy have resulted for the first time in spectroscopy being used
as a routine clinical tool. It has been in the invcstieation of brain
tumours that the most significant diagnostic benefits have been

seen. MR spectroscopy can provide important information to aid
the identification and grading of brain tumours, discriminating

i nto the clinical routine. Single voxel acquisitions, including system
setup, can now be made in about 10 min, with only a further 10 min
being required for multiple slice CSI.

This reduction in examination time and the increased numbers of
clinical MR systems with the capability to perform MR spec-



Over a decade, extracellular space (ECS) gadolinium chelate con-
trast agents (the first being gadolinium DTPA (Magnovist,
Schering, AG)) have been the only agents available for MRI. Newer
contrast agents have been, and are currently being, developed, with
some of these agents due for general release shortly, further extend-
ing the role of MRI into new areas, as well as consolidating existing
practices.

MR contrast agents can be classified as T, or T2 agents, but are
better subdivided into four groups by their distribution in the body:
(i) ECS; (ii) hepatobiliary; (iii) reticulocndothelial system (RES);

(iv) blood-pool agents. New developments in each of these areas
are becoming available, extending the clinical utility of MRI.

Extracellular space agents are routinely used in MR in CNS and
body imaging, and have a high safety profile. Recent developments
i n the assessment of brain function described above, CE-MRA and
the improved detection of intracranial disease with double or triple
dosing (0.2-0.3 mmol/kg body weight) require the use of a rapid
bolus of increased volumes of contrast. Newer agents with lower
viscosity and increased concentration of gadolinium (e.g. I molar
formulation gadobutrol (Gadovist, Schering, AG), as opposed to the
original 0.5 molar agents, can reduce the volume load injected by a
half.

Extracellular space agents, using a dynamic acquisition, can be
used for improved detection of liver lesions. There are, however,
several other agents (e.g. Mn DPDP (Teslascan, Nycomed):
Gd EOB-DTPA (Eovist, Schering); Gd BOPTA/dimeglumine
( MultiHance, Bracco)) that are actively taken up by hepatocytes
and lead to prolonged T, shortening of the liver. These hepatobil-
i ary agents remain in the liver for a long period of time, allowing a
wide imaging window for delayed scanning, providing increased
flexibility in sequence selection and imaging planes compared with
the ECS agents. The hepatobiliary agents provide an increased
liver-to-lesion contrast and improved lesion conspicuity.

Reticuloendothelial system agents are iron oxide-based particles
with a covering of polysaccharides that specifically target the RES
or blood pool. They can be formulated in different sizes: those of
>50 nm.are termed superparamagnetic iron oxides (SPIO), and those
of <50 nm ultrasmall superparamagnetic iron oxides (USPIO). The
main difference between the two groups is that the SPIO particles
(e.g. Endorem, Guerbet; SH U 555 (Resovist, Schering, AG)) are
phagocytosed by the RES of the liver in the majority, with only a
small percentage of the particles ending up in the spleen and bone
marrow. One advantage with Resovist is that it can be injected as a
bolus, whereas Endorem has to be administered as an infusion. The
SPIO agents are mainly designed for liver applications, with resul-
tant signal void from T, shortening of normal liver due to its uptake
of the superparamagnetic particles. Metastases do not show any
signal change as they do not take up the contrast agent, and therefore

l esions from other pathologies and differentiating tumour from
postradiotherapy signal changes. FSE/TSE approaches have permit-
ted the extension of the single voxel techniques to CSI methods
where several slices are acquired, each consisting of a 32 x 32
voxel array. Importantly, the CSI data allow metabolite maps to be
created and overlaid upon conventional MR images as an alterna-
tive to standard MR spectra (Fig. 59.15). Individual spectra from
each voxel can be viewed as required. The metabolite maps provide
the clinician with spectroscopic data in an image-like format, which
l ends itself more readily to a routine clinical interpretation.

An important, new application of 'H-MR spectroscopy has been
in the study of prostate cancer. Single voxel or CSI can be used to
identify tumour and monitor disease spread. Within the prostate,
MR signals from citrate only occur within malignant tissue, there-
fore the visualisation of citrate is indicative of tumour. Using CSI
techniques, the individual voxel resolution is sufficient to monitor
disease spread from within the gland into, for example, the seminal
vehicles, and also to monitor response to treatment therapies
(Fig. 59.16). The analysis of citrate signal in each spectrum pro-
vides information on disease spread. In a similar manner to the
brain metabolite maps, citrate maps can be overlaid on to reference
T2 anatomical images of the prostate. Evidence appears to suggest
that the best quality data are currently obtained using endorectal
coils.

Fig. 59.16 Chemical shift imaging of the prostate. Multiple voxels are acquired over the area of the prostate gland and seminal vesicles. The position of
the voxels is shown along with the measured spectra for each voxel. Citrate occurs only within tumour, indicating the extent and spread of the malignancy
both within and outside the gland.



Fig. 59.18 Sagittal T
2 GRE (A) pre-USIOP image with a small (6 x 5 mm) inguinal node (arrow) showing a high signal intensity appearance. (B) Post-

USIOP image with the node demonstrating in its ventral part a normal low signal, whereas the dorsal part (4 x 3 mm) remains high signal, in keeping with
metastasis. Histology confirmed partially normal (n) and partially metastatic (m) node.

are more conspicuous following SPIO administration. The USPIO CE-MRA is now in widespread clinical practice using ECS

particles (e.g. ferumoxtan (Sinerem, Guerbet)) are designed for gadolinium chelate agents. These agents produce T, shortening,

l ymph node imaging (Figs 59.17, 59.18), and have the potential to leading to an increase in signal intensity within the blood but only

be used for CE-MRA (Fig. 59.17), l ymphocytic marking and recep- providing a narrow window for scanning (blood-pool phase)

for imaging targeted to other specific organs. because of rapid ECS redistribution. Blood-pool agents are

Fig. 59.17 Coronal T 1 -weighted image (A) pre-USIOP showing nodes (arrows) and inguinal veins (v) with intermediate signal intensity. In
(B) following USIOP administration the lymph nodes demonstrate signal void due to iron oxide uptake. Veins (v) have high-signal intensity. Histology
showed normal lymph nodes. (Courtesy of Guerbet.)

1828 A TEXTBOOK OF RADIOLOGY AND IMAGING



designed to remain within the blood pool and can provide improved
assessment of blood flow. These agents give a wide imaging
window, during which an MR angiogram can be obtained, although
clinically useful delayed blood-pool images using standard MIP
algorithms may be difficult to achieve due to enhancing veins and
overlying structures. Many of the agents are paramagnetic com-
pounds complexed with other substances designed to prevent redis-
tribution outside the blood pool. These agents shorten the T, of
blood, producing selective enhancement of vascular structures.
Some iron oxide agents have MR angiographic capability, having a
prolonged blood-pool phase producing T, shortening of the blood
(Fig. 59.17).

ally accumulates within the cells. The concentration of FDG
reaches a plateau when the rate of dephosphorylation equals the
rate of uptake into the cell. In experimental studies, this occurs
about 45-60 min after injection, so clinical imaging is normally
carried out after this interval. The kidney does not recognise FDG
as glucose, so it is largely excreted by glomerular filtration,
although there is some reabsorption in the proximal tubule. In a
normal subject about half of the injected dose is excreted in the
urine in 2-2.5 h after injection. The half-life of fluorine- 18 is

1 1 0 min, so a daily production run is required, and the location of
i maging needs to be within 1-2 h of the cyclotron production site.

Absolute measurement of glucose uptake into lesions or specific
organs is difficult because of differences in the size and body com-
position of patients, and individual variations in glucose metabo-
lism. Approximate quantitation is achieved by using the

New paradigms are opening up with the manipulation of 3D standardised uptake value (SUV), which is an estimate of the

datasets, particularly in conjunction with contrast enhancement, uptake of FDG into the lesion or organ of interest compared with

producing virtual imaging endoscopy (VIE) (e.g. virtual the mean uptake in the rest of the body.

colonoscopy and virtual gastroscopy). These techniques emulate
standard endoscopic procedures without being invasive, producing
i atrogenic injury or patient discomfort. They can also be used in
areas inaccessible to standard endoscopy (e.g. virtual angioscopy)
(see Fig. 25.149). Computer-simulated endoscopy allows for a fly-

Each positron gives rise to two 51 1 kcV photons travelling in dia-

through facility and interactive viewing. This is a powerful tool
metrically opposed directions. The recognition of such coincident

requiring more work and development to determine its true clinical
pairs of photons by detectors placed on opposite sides of the body

efficacy.
allows the position of the source of the radiation to be determined.
Since collimators are not needed, the efficiency of detection is con-
siderably improved compared with the conventional gamma camera
approach. Either a multihead gamma camera or a dedicated PET
ring or partial ring detector system can be used, but the dedicated
PET systems have several advantages. Using thicker crystals, more
crystal elements and more photonmrltipliers, PET systems are supe-

rior in terms both of resolution and sensitivity. The high-energy
photons require detector crystals with increased 'stopping power'.

Positron-emitting radionuclides were discovered in the 1940s and and bismuth germinate (BGO) has been the standard for the last
PET imaging devices were first developed in the 1970s but the early few years. The recent introduction of lutetium-based detectors,
instruments were costly and cumbersome. For the last quarter together with faster electronics, offers a further increase in sensitiv-
century, PET imaging has been extensively used in research, but ity so that examination times for whole-body examinations can be
only in the last few years has the technology become more widely considerably reduced.
available for clinical application. Using a dual- or multiheaded gamma camera for PET has the

obvious advantage that the same instrument can also be used for
single-photon imaging as well, but the performance of these
systems is inferior to dedicated PET instruments. Initial compar-

The only isotopes of carbon, nitrogen and oxygen that are suitable isons have shown that both types of system perform equally well in
for imaging in vivo are the positron emitters 1 1 C, 1 ; N and 1 5 0. detecting lesions larger than about 2 cm, but for the detection of
Unfortunately, all these nuclides are short-lived, so they can only be small lesions dedicated PET systems have a significant advantage.
used in close proximity to the cyclotron in which they are produced. One of the major limitations of PET is the lack of anatomical
Even so, they have been used to label a wide range of naturally landmarks, particularly in the thorax, abdomen and pelvis, so, for
occurring small organic molecules for physiological research and applications in oncology, PET images need to he interpreted in con-
larger molecules for pharmacological investigation, but none are yet junction with CT or MR anatomy. Although coregistration of
in routine clinical use. images obtained from separate examinations can be carried out on

Currently the mainstay of clinical PET is deoxyglucose labelled an image processing workstation, the advantages of simultaneous
with fluorine-18 (' 5 FDG). Malignant tumours show an increased acquisition of anatomical and functional data are self-evident.
rate of glucose metabolism, probably due to the presence on cell Mounting both a spiral CT and a partial ring PET device on a single
surfaces of an abnormally large number of glucose transporters, i maging gantry offers the possibility of combining functional and
together with increased hexokinase-mediated glycolysis and a anatomical data in the same examination. Typically, the CT acquisi-
reduced level of dephosphorylation by glucose 6-phosphate. In tion is performed first, followed by PET acquisition. The anatomi-
general, the rate of glycolysis increases in proportion to the rate of cal CT data can then be used to apply attenuation correction for the
cell growth. FDG undergoes glycolysis in tumours but the dephos- PET data and the resulting images can be displayed separately or
phorylation of FDG-6-phosphate is relatively slow, so FDG gradu- fused together.



Fig. 59.19 Following surgery for colorectal cancer CT (A) shows
i ndeterminate soft-tissue thickening (arrow), FDG-PET image (B) shows an
i ntensely active focus at the site of recurrent tumour (arrow). (Courtesy of
Professor P. J. Ell, Institute of Nuclear Medicine, Middlesex Hospital, London.)

Fig. 59.20 FDG-PET images in two patients with small-volume colorectal
metastases, in the liver (A,B) and in the lung (C). (Courtesy of Professor
P. J. Ell, Institute of Nuclear Medicine, Middlesex Hospital, London.)

with suspected recurrence, and may also be used in patients with
rising. carcinoembryonic antigen (CEA) and negative CT.
Response to treatment may also be monitored by PET-baseline
l evels of uptake should be reached by 6 months after local
radiotherapy.

Lymphoma Most types of lymphoma show avid uptake of FDG,
and it is suggested that those patients with the most intense uptake
at presentation have the worst prognosis. When PET has been
used as a staging procedure for lymphoma, it has proved to be
more accurate than CT. PET is more likely to determine the pres-

ence or absence of disease in nodes that are close to the normal
size limits, it will show additional sites of disease in 10-20% of
patients, and it may lead to a change of stage in about 10% of
cases. A fall in FDG uptake which may be seen after 1-2 cycles
of chemotherapy is a useful predictor of later clinical response. In
patients with a residual mass after radiotherapy or chemotherapy,
PET is a fairly good predictor of future recurrence, although
relapse still occurs in a small minority of patients with negative

PET studies.

Head and neck cancer The majority of primary head and neck
tumours show avid uptake of-FDG, and PET is particularly advan-
tageous over CT/MRI for detecting occult primary tumours
i n patients who first present with metastatic nodes in the neck
( Fig. 59.21). PET is equivalent to CT/MR for staging in patients
with overt primaries and metastatic disease (Fig. 59.22), but its
most valuable application is probably in differentiating recurrence
from fibrosis after treatment. PET may also be used as a prognos-
tic indicator: persistent FDG uptake during treatment indicates
l ack of response and/or likely recurrence.

Breast cancer I n the early detection of breast tumours, PET may
be a useful addition to mammography, particularly in patients with
dense breasts, fibrocystic disease, previous surgery or radiotherapy,
and in those with breast implants. Increased uptake of FDG is also

Much of the early work with PET focused on brain metabolism,
partly because of the smaller size of detector needed to study the
head. With the introduction of improved instruments allowing
acquisition of whole-body images in under an hour, applications in
oncology have developed into the major clinical use of PET.

Lung tumours Small cell lung cancer is usually multifocal at the
time of presentation, so surgery is rarely indicated. Since systemic
chemotherapy is the mainstay of treatment, precise staging is less
i mportant than in surgical cases, and the use of FDG-PET is of
li mited value. Non-small cell lung cancer is much more likely to
he amenable to surgery, so careful staging is needed. FDG-PET is
highly accurate in staging mediastinal nodes in this condition, and
i s at least as accurate as the combination of CT and bone scintig-
raphy for detecting metastases in the abdomen, pelvis or skeleton,
although not in the brain, where MRI is superior. Residual soft-
tissue abnormality after treatment may be non-specific on CT, and
i n these conditions a negative FDG-PET study may eliminate the
need for biopsy. Consecutive studies that show a fall in FDG
uptake in the lesion during treatment may be used as a predictor
of anatomical response.

About one-halt' of non-calcified, solitary pulmonary nodules
which present for investigation turn out to he benign. FDG-PET
offers a non-invasive method for discriminating between benign
and malignant pathologies with sensitivity about 95%- and speci-
ficity greater than 80%, so a negative PET result is more reassuring
t han a negative biopsy. However, the accuracy of PET falls off with
decreasing lesion size, so its value is less clear for lesions of under

I cm.

Colorectal cancer The major value of FDG-PET is in detecting
l ocal recurrence after treatment, and finding metastatic disease.
For preoperative staging of the primary tumour and local nodes,

PET has not so far proved superior to colonoscopy, CT/MRI and
surgery. In the more problematic patients with suspected local
recurrence, PET appears to be the most accurate non-invasive pro-
cedure for distinguishing fibrosis from tumour, with reported
accuracy of about 90% (Fig. 59.19). PET is also superior to CT
for detecting extrahepatic metastatic disease, and about equal to
CT for liver secondaries (Fig. 59.20). It is proposed that PET
should be used as the first imaging test in working up patients
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Fig. 59.22 FDG-PET axial (A) and sagittal
(B) images in a patient with small volume nodal
metastases in the neck. (Courtesy of Dr P. Julyan,
Christie Hospital, Manchester.)

i maging using PET appears to be more sensitive, and will
l ocalise a high proportion of abnormal foci during the interictal
phase. Similarly, myocardial viability is usually assessed using
perfusion studies with SPECT, but in the case of inconclusive
results, metabolic assessment with short-lived PET tracers may
be more decisive.

seen after surgery, with inflammatory breast conditions, and in
some fibroadenomas. With tumours smaller than I cm, some false-
negative PET results may be expected. For local node staging, sen-
tinel node biopsy is probably the procedure of choice, but PET is
effective for detecting distant metastases at initial presentation. For
detecting bone metastases, PET is more sensitive than hone scintig-
raphy for lytic lesions, but less sensitive for detecting sclerotic
deposits. As with other tumours, a sharp fall in FDG uptake during
treatment is a good prognostic indicator.

Other tumours I n malignant melanoma, PET is highly effective
The conventional surgical approach to the excision of lymph node

i n detecting distant metastases, although for staging of local
metastases as an adjunct to the removal of primary malignancies

l ymph nodes CT or sentinel node biopsy may still he preferred. has been to remove as many nodes as possible in the expected area

Primary oesophageal tumours are FDG-avid and PET appears of drainage from the tumour. The concept of the sentinel node, i.e.

superior to CT in detecting distant metastases. For local nodal the first node which receives lymphatic drainage from the primary

staging of oesophageal tumours, PET is probably better than CT tumour, is no longer new, but has only recently been adopted as a

but still has limitations due to the small size of involved nodes, possible basis for modifying surgical practice. Both experimental

and their proximity to the primary lesion. data and empiric clinical observation supports the view that lym-

Specific applications in relation to other tumours are still being phatic spread of malignancy is a sequential process. Nodes in a

explored. Initial experience points to a broad role for FDG-PET as a direct chain are not bypassed, so if the more proximal nodes are

procedure that is complementary to CT and MRI in the initial uninvolved, then the likelihood of nodal deposits existing further

staging of many types of malignancy, is useful in the
from the tumour is remote. Usually one or two nodes are recog-
nised

particularly

as the 'sentinels', although occasionally there may he several.assessment of recurrent or residual disease after treatment, and
may he a very useful early indicator of prognosis and response to
treatment.

Other clinical applications of PET I n patients with refractory The aim of sentinel node imaging is to localise the sentinel nodes,
epilepsy, where surgical excision of a temporal lobe lesion may which can then be excised for histological examination. In patients
be indicated, preoperative localisation of the abnormal focus is i n whom the sentinel nodes show no evidence of tumour involve-
critically important. Although this can be achieved fairly accu- ment, further surgical dissection can be avoided, reducing both the
rately with regional cerebral blood flow studies using SPECT if morbidity of the surgery itself, and eliminating the secondary
the radiopharmaceutical can be injected during a seizure (ictal effects of lymphoedema, etc., which commonly result. Techniques
SPECT), interictal studies are less reliable. Metabolic brain are still being refined, but so far a combination of radionuclide

Fig. 59.21 FDG-PET axial (A) and
sagittal (B) images in a patient with a
s mall primary carcinoma arising in the
vallecula. (Courtesy of Dr P. Julyan,
Christie Hospital, Manchester.)



Fig. 59.30 (A) shows a liver tumour on real-time imaging; (B) shows low MI imaging of the vascular phase; (C) shows the same lesion with high MI
i maging producing bubble destruction and stimulated acoustic emission. (Courtesy of Dr P. Sidhu, Kings College Hospital.)

These were originally developed to improve the signal-to-noise

ratio in Doppler examinations but, by the time the first ones became

Fig. 59.29 Intravascular ultrasound images of coronary artery dissections:
Left panel: An extensive medial dissection is shown extending from
6 o'clock to 1 o'clock associated with balloon angioplasty. Right panel: A
deep submedial dissection is shown between 7 o'clock and 11 o'clock after
balloon angioplasty subsequently associated with acute coronary occlusion
successfully treated by intracoronary stenting. (Courtesy of Dr N. Uren,
Royal Infirmary, Edinburgh.)

The addition of further rows of elements transversely across the
transducer face also allows beam manipulation in the transverse, or
elevation (across the slice thickness), plane (Fig. 59.28). Among
other things, this allows the beam to be focused in two dimensions,
thus improving resolution.

The increase in the number of elements means that new methods of
transducer construction are required to accommodate, insulate,
connect and control individually all the elements. Much progress has
been made in this area and, although true 2D arrays are not yet com-
mercially available, several manufacturers now offer 1.5 D transducers
with between 3 and 7 rows of elements across the transducer face.

As well as increasing the complexity of transducers, modern
technology has made it possible to reduce the size, so that quite
complex transducers can now be mounted on catheters small
enough to pass into coronary arteries. Specialised transducers are
now available for a variety of applications and can be used for
transrectal, transvaginal, transurethral or transoesophageal scans,
laparoscopic surgery, endoscopic ultrasound and intravascular ultra-
sound, among others (Fig. 59.29).

available, the improvements in system design and performance
resulted in their use for this purpose being less important, although
they may still be useful in confirming patency or otherwise of a
vessel. However, during their development it became apparent that
they had other interesting properties that may be useful in clinical
ultrasound. Several materials have been developed as echo-enhanc-
i ng agents by different manufacturers but they all result in
microbubbles in the body; typically these are now less than 10 pm
in diameter, so they can pass through the pulmonary capillary bed
after injection and reach the systemic circulation.

It has become apparent that the response of microbubbles to
ultrasound is more complex than originally expected and depends
on the acoustic power. At low powers, represented by a low

mechanical index (MI) of 0.1-0.3, they reflect and scatter ultra-
sound. At moderate power levels (Ml of 0.5 approximately) they
resonate; the frequency of this resonation happens to lie in the diag-
nostic range of 1-20 MHz and the strength of the reflected signal is
maximal at this level. A further increase in acoustic power (MI of
0.7-0.8) results in the microbubbles oscillating in a non-linear
fashion and the production of harmonic signals, which arc specific
to the agent. At high acoustic powers (Ml of >>-1.0), the microbub-
bles are disrupted and burst.

This behaviour of echo-enhancing agents results in new varieties
of imaging techniques for these agents. At the most basic level they
can be used to improve the signal-to-noise ratio in spectral, colour
and power Doppler examinations to rescue inadequate examina-
tions. Transit times can also be measured and arteriovenous shunts
can be identified. Using low-MI imaging allows detection of the
agent in the blood vessels and tissues with minimal destruction of
the microbubbles; this allows imaging of the agent in blood vessels
on real-time imaging. Pulse inversion imaging detects the non-
linear echoes from microbubbles and enables areas containing
agent to be distinguished from areas without agent (Fig. 59.30B).
High-MI imaging destroys the agent but this produces high-ampli-
tude signals from areas where the agent is present (stimulated
acoustic emission (Fig. 59.30C)), which contrast with the absent
signals from areas without the agent. This is particularly useful in
the liver, where it has been discovered that several agents have a
delayed hepatosplenic-specific phase (Fig. 59.31). Sequential high-
MI scans at intervals can be used to provide an estimate of blood
flow into the area of interest, calculated from the rate of reaccumu-
lation between scan sweeps.

Research is now developing in the area of tissue-specific agents
containing a variety of therapeutic substances. These could be tar-
geted at specific areas of disease, such as tumours or blood clots;
when the agent has accumulated in the target area, the microbub-
bles are then destroyed using ultrasound at the appropriate fre-



Fig. 59.23 Two modern ultrasound systems, the larger one on the left is
a fully configured system; the smaller one on the right on the couch is
nevertheless capable of abdominal and small parts examinations, including
Doppler studies.

Most of the early experience with sentinel node techniques is in

breast cancer and melanoma.

Breast cancer About one-third of patients with breast cancer
have axillary nodal disease at the time of presentation. Routine
dissection of the axilla creates morbidity and is of no benefit to
that large group of patients whose nodes are negative.

Identification of sentinel nodes in breast cancer is achievable in
about 95% of cases, with greater than 95% success in correctly
identifying whether the axilla is involved. Follow-up studies have
shown that nodal recurrence in patients whose axilla is negative at
the time of sentinel node biopsy is very rare.

Sentinel node biopsy is inappropriate for patients with clinically
involved axillary nodes, and is also unreliable in patients who
have had just radiotherapy. The application of sentinel node
biopsy in patients with multifocal tumours and in those with
previous local excision of the primary breast lesion is still
not clear. Sentinel node techniques can be carried out on pa-
tients with impalpable tumours by using ultrasound-guided
injection.

Melanoma The patterns of lymphatic drainage from melanoma
are less consistent than with breast cancer, and simultaneous
drainage to multiple sites is not uncommon. For this reason,
imaging after local radiotracer injection is of critical importance
and the distinction of primary from second tier nodes may be
helpful in planning subsequent surgery. The status of sentinel

imaging and visual inspection with injection of patent blue dye has lymph nodes is a powerful indicator of prognosis from the time of

produced the best results. The radiotracer technique gives better presentation. As with breast cancer, the majority of new patients

detection of nodes in unexpected sites, and with dynamic imaging show negative sentinel nodes. Patients spared extensive nodal dis-
is more likely to indicate the sequence of drainage when several section on the basis of an initial negative sentinel node biopsy
nodes are shown. The ideal tracer would be easy to prepare, stable have shown on follow-up a small but worrying incidence of sub-
and securely labelled, and would migrate rapidly from the injection sequent relapse, so the adoption of this technique as best surgical
site to the sentinel nodes. Early studies have used various tech- practice is still in doubt.
netium-labelled colloids, but more recently technetium-dextran

have shown promise.
Other tumours Promising results for sentinel node imaging and

compounds
The technique requires injection of the tracer directly into or

biopsy have been obtained in various gastrointestinal tumours,

closely adjacent to the primary tumour, or into the overlying skin if
particularly colorectal and oesophageal cancer. The original

the tumour is superficial. Imaging over the next 1-4 h typically
description of the techniques arose from observations in patients

identifies one or more sentinel nodes, the position of which can
with penile cancer; more recent applications include patients with

then be marked on the patient's skin.
cancer of the cervix, vulva, squamous tumours of the head and

Surgical excision, which may follow immediately after the
neck, and papillary carcinoma of the thyroid.

imaging or the next day, is assisted by using a handheld scintillation
detector (gamma probe) to find the sites of tracer concentration.
Injection of patent blue dye immediately prior to surgery improves
the detection rate of sentinel nodes, and offers the additional advan-
tage of identifying the lymphatic vessels that lead from the tumour
towards the sentinel nodes.

The successful application of a sentinel node technique requires
effective expertise not only in imaging but particularly also in surgi-
cal and pathological techniques. The routine use of immunohisto-
chemistry has improved the sensitivity of conventional H & E
staining for nodal staging, and the introduction of reverse transcrip-
tase-polymerase chain reaction (RT-PCR) offers a further improve-
ment in accuracy. However, the sensitivity of pathological
examination for detecting microscopic tumour deposits in otherwise
normal lymph nodes remains uncertain, as does the ultimate signifi-
cance of such micrometastases.

In common with other clinical imaging techniques, ultrasound has
benefited significantly from the massive improvements in comput-
ing power and data storage that have taken place over the last few
years. These have allowed major advances in signal generation and
processing techniques to be achieved. In parallel with these devel-
opments in data processing, the advent of echo-enhancing agents
has opened up many new opportunities for developing the role of
ultrasound as a diagnostic and therapeutic technique.

The rapid advance of computing power, together with the trend
to miniaturisation, has enabled manufacturers to provide either
more processing power in the same size of system, or the same
functionality in a smaller system. Several handheld systems
are available with excellent frame rates and resolution compar-
able to high-end systems of 4-5 years ago, and which increase
the availability of ultrasound in many areas of medical practice
(Fig. 59.23).



Fig. 59.24 (A) shows a kidney at fundamental tissue imaging frequency;
(B) shows the reduction in noise obtained by imaging at harmonic frequencies;
and (C) shows further improvement of the image by using dynamic compound
i maging.

Fig. 59.25 A 'B flow' image of an internal carotid artery stenosis with
the echoes from the moving blood clearly shown in the lumen of the vessel.
(Courtesy of GE Ultrasound.)

superficial scans, it has now been further developed for abdominal
use (Fig. 59.24).

Echoes from flowing blood can sometimes be seen on real-time
All aspects of Doppler signal generation, reception and subsequent i maging, typically in the common femoral veins. With modern
processing are undergoing intense development. Harmonic systems and appropriate processing techniques, these can be dis-
i maging, using harmonic frequencies that are generated at two, played in real time to show flowing blood without the use of
three or four times the fundamental frequency, reduces the amount Doppler techniques (Fig. 59.25).
of noise in the image and enhances the relative signal-to-noise ratio. The stiffness or compliance of different tissues can be assessed
Initially used with echo-enhancing agents, it is now also used for using ultrasound, the technique is known as elastographY . A set of
i mproved real-time imaging, especially in technically `difficult' digital radiofrequency (RF) echo data from the region of interest is
patients. Harmonics are produced only by pulses with high ampli- obtained. The tissue is then compressed, usually by the transducer,
tude (a violin string stroked gently produces a single, pure tone; and a further set of RF echo data is obtained. This is then cross-
stroked more forcefully, it produces a much coarser sound due to correlated with the initial data and any changes in arrival time of
the harmonics that are generated), so pulses in the focused beam pulses from equivalent volumes of tissue can be identified. An esti-
tend to produce harmonics, whereas those in side lobes and never- mate of the local tissue strain can he made and from this the degree
berations are too weak, thus reducing noise and speckle in the of tissue stiffness can be assessed. This technique is still being
i mage (Fig. 59.24A,B). Pulse inversion harmonic techniques developed but shows some promise for identifying abnormal areas
produce pulses of alternating phase, with the returning echoes being
summated; these might be expected to cancel themselves but,
because of the non-linear effects relating to the propagation of
ultrasound waves through tissues, summation of pulse pairs pro-

duces a detectable signal containing diminished amounts of noise
and clutter. As with `ordinary' harmonic imaging, pulse inversion
techniques can be used with both echo-enhancing agents and
imaging techniques. Further variations in pulse generation can be
used, including pulse coding techniques, initially developed for
radar transmissions, and tailoring of the pulses to the characteristics
of specific echo-enhancing agents. Compound imaging can he
achieved by interrogating a volume of tissue with scan lines steered
electronically at different angles; this results in noise and speckle
reduction, together with improved visualisation of margins and
small structures, such as microcalcifications. Initially used for



5 MHz; today the equivalent frequencies arc 5-7 MHz and

1 2-15 MHz. Some specialist applications, such as dermatology and
i ntravascular ultrasound, use transducers with frequencies up to
30-40 MHz. Broadband technology allows the transducer's operat-
i ng frequency to be adjusted to the scanning conditions and har-
monic and non-linear imaging techniques to be undertaken.

Multielement array transducers have made it possible to focus
and steer the ultrasound beam electronically; different groups of
elements can be used for different tasks, such as pulsed Doppler
and imaging. The elements in these transducers have been arranged
i n a single row along the length of the transducer, allowing beam
manipulation in the lateral (across the slice length) direction only.

Developments in transducer design and construction have been
responsible for many of the advances in ultrasound techniques and
applications over the years. New materials are being developed to
i mprove transducer performance. Multiple elements, broadband
transmission and reception, and improved beam forming techniques
have all contributed to improved performance in terms of both
spatial and contrast resolution. In the 1980s abdominal scans were
typically performed at 3.5 MHz, and `small parts' scanning at

Fig. 59.28 Diagram of a 2D transducer showing the improvement in
beam formation and the associated improvement in spatial and contrast
resolution. (Courtesy of GE Ultrasound.)Fig. 59.27 Extended field of view image of an iliopsoas bursa.

in tissues, which may not have sufficiently different echo properties
to register on an amplitude image, such as a scirrhous breast carci-
noma compared with a fibroadenoma.

The increased computing power now available allows the storage
and manipulation of the large amounts of data required for 3D
imaging. The two-dimensional ultrasound beam is swept through

the region of interest and the data processed to produce a three-
dimensional representation of the volume scanned, which can then
he viewed and manipulated in a variety of ways (Fig. 59.26).
Increased capabilities for data storage also allow extended field of
view imaging, which allows the display of larger regions of interest,
such as muscles and tendons, or large masses (Fig. 59.27).

Fig. 59.26 3D ultrasound. (A) shows a reconstruction of a fetal face and arm; (B) shows planar reconstructions from the data volume shown at the
bottom right. (Courtesy of Acuson.)
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Over the last decade, computed tomography has developed rapidly,
from conventional, single-slice machines through helical (spiral)
CT to the current multidetector (multislice) scanners. A number of
advances in hardware and software have enabled this: in particular, For many years CT scanners have used xenon gas detectors which
the use of slip rings to allow the scanner gantry to rotate continu- have a conversion efficiency (X-rays to signal strength) of around
ously in one direction; the development of X-ray tubes with great 60%. This diminishes further if the detectors are not maintained,
heat capacity for long continuous X-ray exposure (up to 60 s); but xenon detectors are relatively stable. Solid-state crystal detec-
cheaper, more stable solid-state detectors and multidetector arrays; tors may have conversion efficiencies of nearly 100%, with a conse-
i mproved computer power and hardware to handle and store the quent potential for a 40% reduction in patient radiation dose for the
l arge amounts of data produced; and improvements in software to equivalent scan appearances. Technical difficulties of stability of
allow effective image postprocessing. output, continuing emission of light after the X-rays have termi-

nated (afterglow), and other problems with respect to the size of the
front face of the individual detectors and the intcrspace material

between adjacent detectors, have been largely overcome or corn-

Prior to the development of slip ring technology, pensated for in the data processing.
the high tension

supply to the gantry-mounted X-ray tube was made via cables. The Developments in solid-state detectors and the ease with which they

gantry therefore had to return to the starting position after each can be stacked in parallel adjacent channels have facilitated the devel-

rotation to unwind the cables. During this period the table would opment of multislice scanners. Although different approaches to the

i ncrement to the next slice position, and the patient would begin multidetector array have been adopted by the various manufacturers,

another cycle of suspended respiration. Slip rings (large circumfer- all current multislice machines are able to acquire four slices per rota-

ence electrically conducting rings) allow power to be conducted to tion. With rotation times as low as 0.5 s, the slice acquisition rate of a

the tube on the CT gantry via electrical brushes instead of cables, multislice scanner is thus eight times that of a typical single-slice

The gantry is therefore able to rotate continuously in one direction. helical unit. Scanners capable of acquiring 16 slices per rotation (32

The data from the detectors may also be transferred back to the slices/s) are presently under evaluation.

reconstruction computer by slip rings. This has several advantages: The width of the detector array produces problems of image

with single-slice CT, the cycle time per slice was reduced, allowing quality due to the cone shape of the X-ray beam. Special recon-

a number of slices to be acquired within a single breath-hold; a the b ion algorithms are needed to compensate for the divergence of

faster rotation speed can be achieved giving shorter scan acquisition the beam along the long axis of the patient.

ti mes; continuous exposure is possible at a single table position,
allowing functional studies, better temporal resolution, and `CT flu-
oroscopy' for interventional procedures. The combination of contin-
uous exposure with continuous table movement through the gantry With helical and particularly multislice CT, a vast amount of data
is the basis of helical CT. A helical volume dataset is acquired, per unit time is produced from the gantry detectors. The rapid trans-

Helical CT calls for continuous X-ray exposure over the entire

period of the scan (up to 60 s) with reasonable levels of tube
current. The tube heating associated with this requires a tube with a
very high heat capacity, and these have been developed especially
for helical CT. Delays due to overheating of the tube can cause
problems in high throughput departments, and where high tube load
examinations are carried out (for example, back-to-hack helical
scans for triphasic liver CT). This is not such a problem with multi-
slice CT because the scan times are so much quicker. reducing tube
l oading compared with single-detector helical CT.

Fig. 59.31 (A) shows two focal areas of relatively reduced
echoicity in a fatty liver; (B) shows filling in of these areas
after the administration of an echo-enhancing agent with a
li ver-specific phase, confirming the presence of normal liver
tissue in these areas consistent with focal fatty sparing in a
fatty liver. (Courtesy of Professor D. 0. Cosgrove,
Hammersmith Hospital.)

quency and thereby release chemotherapeutic or thrombolytic which is reconstructed into axial slices by interpolating between

agents within the tumour or blood clot. adjacent points in the helix.

Despite developments in other imaging techniques, such as CT,
MRI and computed radiography, the role of ultrasound continues to
expand. Its unrivalled ability to show events within the body in real
time, the continuing improvements in contrast sensitivity and reso-
lution, technological advances in equipment, together with the
emergence of new techniques such as elastography, will mean that
the prominent role of ultrasound in clinical imaging will continue to
expand over the years to come.
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fer of the data to the reconstructing computer is crucial and may be
carried out via specialised cables or radiofrequency/infrared links.
With multislice CT datasets typically containing 250-300 images,
rapid reconstruction is vital. Powerful computers are needed to
apply the interpolation and reconstruction algorithms to give ade-
quate reconstruction speed. Current scanners reconstruct each slice
i n less than 1 s, but further improvements are likely to be needed as
multislice scanners evolve and produce even larger numbers of
thinner slices. Rapid links between the scanner console and other

elements in the scanner network, such as workstations, PACS
systems and teleradiology units, are important, and each of these
elements must have sufficient computing power to handle the large
datasets ergonomically. Archiving of data should be efficient and
economical.

Continuous scanning in the same table location results in a repeat-

edly updated image at the same slice location. Using rapid recon-
struction algorithms (often omitting some of the usual data filtration
steps), images can be updated several times a second with an effec-
tive delay between acquisition and display of less than half a
second. This gives a `near real-time' image, which can be used to
guide interventional procedures. Radiation dose to the patient is

significantly higher than from conventional fluoroscopy, so
minimum tube current settings and minimum exposure times
should be used. The potential for increased dose to the operator is
also high with this technique. Interventional devices designed to
keep the operator's hands out of the primary beam, audible timers,
fluoroscopy exposure time limits and routine logging and review of
fluoroscopy times arc advocated.

Although similar in many respects to helical CT, multidetector CT
represents a considerable advance. The essential difference lies in
the detector array, which contains multiple detector elements. Most
current (circa 2002) machines allow four slices to be acquired
simultaneously, scanners acquiring 16 simultaneous slices are on
the market and detector arrays in some machines already contain 32 As there is no longer any compromise between volume coverage
rows of detectors. Large volumes can be scanned rapidly with rela- and slice width, thin slices can be used in all cases. This leads to
tively narrow slice width (typically 0.5-3.0 mm). The advantages better spatial resolution inplane and along the z-axis. Multiplanar
of multidetector CT can be summarised as improvement in speed, reconstruction (MPR) and other image processing can he carried
quality and scope. The manufacturer's eventual aim must be to out routinely, thus improving diagnostic precision (Fig. 59.33). For
acquire all the sections required in a single rotation of the gantry, high-definition imaging of small volumes, very thin slices can give
although currently the corrections to the acquired data for the cone- virtually isotropic imaging (where spatial resolution in any recon-
beam geometry of the volume swept by the X-ray beam are still structed plane approaches that of the inplane resolution)
under development. Consequently the increasing number of detec- (Fig. 59.34). The thinnest slice collimation is currently achieved by
for rows in current machines are being used to reduce the individual collimating the X-ray beam to half the width of the two central
slice thicknesses more than increasing the total beam width. As detector rows, to give two slices each half the width of the individ-
multislice CT is up to eight times as fast as single-detector helical ual detector row. Thus, however many simultaneous sections the
CT, there is even less likelihood of movement or respiration arte- scanner is capable of as a maximum, only two are available at the
facts in routine scanning. Examination of the chest, for example, is thinnest slice width. Such accurate beam collimation is technically
feasible in less than IO s. It is particularly suited to imaging of chil- difficult, and may be aided by postpatient collimation, with con-
dren, trauma patients and the seriously ill, monitored patient where sequent potential for significantly increased patient radiation dose.
speed is important (Fig. 59.32). Further refinements arc possible in Helical CT led to many new CT applications but many of these
contrast examinations, such as precise arterial and portal phase liver have only become clinical reality with the advent of multislice CT.
scans, and reduction in contrast medium dose is seen in vascular The large-volume, thin-slice datasets obtained are well suited to all
studies because of the shorter acquisition times. forms of image processing. Possibilities include CT angiography,

Fig. 59.32 (A) Sagittal view of
entire spine in trauma patient.
Single acquisition with 2.5 mm
slices throughout; (B) local axial
view through cervical fracture.



Fig. 59.33 (A) Routine multislice abdominal study with intravenous and
oral contrast in patient with cystic renal abnormality; (B) showing quality of
coronal reconstruction through kidneys; (C) renal arteries (three) clearly visible.

CT of the colon with `virtual' endoluminal views (Fig. 59.35),

virtual bronchoscopy, routine MPR from axial acquisition in

sinus/ENT and orthopaedic imaging, cardiac CT with prospective

and retrospective ECG-triggered gating and functional and perfu-

sion imaging.

As with helical CT, pitch can be increased to increase coverage

or reduce dose or acquisition time. However, the relationship

between pitch and image degradation is complex and non-linear

with multislice CT. Optimal pitch values are given by the scanner

manufacturer.

In 1989 the National Radiological Protection Board estimated that

CT scanning accounted for 2% of radiological investigations but

20% of the population collective radiation dose. By 2000, further

Fig. 59.34 (A) Axial 0.5 mm acquisition through petrous temporal bone
with overlapping reconstructions; (B) coronal reconstructions from axial
dataset have similar resolution to source images (isotropic resolution).
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Fig. 59.35 (A) 3D image of
air-insufflated colon; (B) endo-
l uminal view of colon ('virtual
colonoscopy') demonstrates a
rounded submucosal lesion seen
at conventional colonoscopy;
i nset image, oblique axial refor-
mat profiles the lesion and
demonstrates fat density within
it, confirming a colonic lipoma.

achieve. Modulation of the X-ray beam mAs during the scan can be
used to reduce patient radiation dose with negligible effect on
i mage quality. The chest, abdomen and pelvis are usually thinner
from front to back than side to side, consequently a lower mAs suf-
fices in those portions of the gantry rotation where the beam tra-
verses the patient in these directions. Dose reductions of 25-40%
can be achieved by this method. Reconstruction algorithms
designed to reduce streak artefact (particularly useful for scans in
the pelvis or across the shoulders) can also be used to reduce radia-
tion dose by reducing the selected mAs, and can be combined with
the modulated mAs described above.

studies suggested the latter figure had risen to 40% in the UK and
67% in one USA department.

The routine use of thin slices does confer a slight increase in
radiation dose, partly because increasing rows of thinner detectors
in multislice machines will require more rows of interspace mater-
ial, resulting in `dead space'-irradiated but not contributing to
i mage data. This had been partly offset by solid-state detectors,
used in all multislice machines, which have X-ray conversion effi-
ciencies approaching 100%. However, this leaves negligible scope
for further improvements in detector efficiency. Multidetector scan-
ners may use slightly overlapping pitch values in routine practice,
as accurate prepatient collimation of the X-ray beam to the exact
limits of the detector rows requires very high engineering precision.
This may also increase radiation dose if scanning parameters are
not adjusted. It has been estimated that absorbed dose may be up to The CT computer workstation is now, more than ever, a pivotal part
40% higher for a multislice helical CT examination than for the of the scanning unit. Radiologist interaction with the workstation is
equivalent conventional CT scan. now routine, and many radiologists will report entirely from the

Otherwise, dosimetry is similar to single-slice helical scanners, workstation. A fast and ergonomic system is therefore essential.
with the caveat that the speed and versatility of these scanners may The computer must be powerful enough to handle and store the
encourage scanning of larger volumes or multiphasic examinations, large datasets with ease. A typical workstation will contain software
with an associated increase in radiation exposure. Protocols for to allow viewing in the axial and reconstructed planes (including
scanning the liver, for example, may now include arterial, early curved planes), surface shading, maximum and minimum intensity
venous and late venous scans (triphasic). Such extended scanning projection, endoluminal imaging (virtual endoscopy) and volume
protocols will inevitably suffer from a `law of diminishing returns'. rendering.
For every individual patient, a clear indication for each phase of the Volume rendering has become available on CT scanners rela-
scan is required, performing only those phases relevant to the inves- tively recently. The software assigns variable degrees of opacity and
tigation, This clearly necessitates the direct supervision of every brightness to all voxels within the dataset within a certain HU
examination by an experienced radiologist. The development of range. Parameters can be changed interactively to give varying
new indications for multislice CT and the increasing demand for degrees of translucency and conspicuity to different structures. The
established CT indications will also result in increased population result is a more comprehensive image which can show soft tissue,
radiation exposure from CT. The role of the experienced radiologist bone and vascular features (Figs 59.36, 59.37). As the algorithm
in vetting requests for CT to minimise unnecessary examinations uses the whole dataset, it requires great computing power to work
remains of paramount importance. Reduction in scanner mAs to the effectively. An advantage of volume rendering is that very little
lowest values consistent with acceptable noise in the resultant editing or segmentation of the dataset is needed compared with
image is a further responsibility of the supervising radiologist. This maximum intensity projection.
is of the greatest importance in the scanning of children, where the Cardiac imaging using CT is becoming increasingly important.
consequences of radiation exposure are potentially greater and yet Gating techniques can be used to freeze cardiac motion. Coronary
the small size of the patient makes reduction in mAs easier to artery calcification assessment is now well established with CT



Fig. 59.37 Volume-rendered image of abdomen combined with cut-
surface reformations to demonstrate viscera.

(Fig. 59.38), and angiographic techniques to visualise the coronary
arteries directly are being evaluated. Tumour permeability imaging
and functional and perfusion studies in various sites are possible.
Modality matching software allows, for example, CT and PET
i mages to be superimposed, giving anatomical and functional infor- Fig. 59.39 3D segmented CT angiogram image of renal transplant artery
mation in one image. with arterial stent.

The ability to acquire CT data continuously while moving the
patient through the scanner aperture confers a number of signifi-
cant advantages. The speed of acquisition allows large volumes, for
example the entire chest, to be scanned within a single hreath-hold.
This guarantees contiguity of the reconstructed slices, avoiding the
misregistration often seen with conventional single-slice CT. caused
by variable depth of respiration. Rapid scanning also minimises the
risk of movement artefact.

The helical dataset can he thought of as a volume of data within
which scans can he reconstructed at any level. This means that
overlapping slices can be reconstructed without the need for further
scanning or X-ray exposure. The above features give a marked

Fig. 59.36 Volume-rendered image of thoracoabdominal aortic
aneurysm.

Fig. 59.38 Coronary calcification scoring. Calcification is highlighted in
each vessel (here in left anterior descending) and a cumulative score
obtained.

Because of the large number of images produced in a typical
multislice dataset, printing of all images to hard copy is no longer
feasible. Thin slice images can be fused together into a thicker
i mage for presentation to the hard-copy printer. As Much CT report-
i ng is currently performed from the workstation, images from
abnormal studies only may be selected from the workstation for
printing by the radiologist. As PACS systems become more preva-
l ent, the need for hard-copy imaging will decline further.
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A number of hospitals throughout the world have recently become
filmless using a picture archiving and communication system
( PALS), but the major challenge now is to re-engineer the whole
clinical worktlow process to become digital, so that hospitals may
become paperless as well as filmless, not just with respect to radio-
l ogical examinations but for the whole of clinical workflow.
Seamless integration of all the various electronic systems through-
out the hospital (and beyond, if telemedicine is being considered) is
t he critical issue that now needs to be solved.

an explanation of the action taken being provided in the latter two
cases.

3. The examination appointment is made, with a date, time and
room booking.

4. Any patient instructions or pharmacological preparation are
dispensed to the patient.

5. On the day of the examination a DICOM (digital imaging and
communication in medicine) modality worklist is generated, includ-
i ng that patient's examination scheduled to be acquired on a
specific piece of imaging apparatus.

6. The completed examination is verified as being technically
adequate by the person acquiring the examination (usually a
radiographer/technologist).

7. The examination is sent to the PACS and PACS confirms
receiving the images it contains using DICOM storage commit-
ment.

8. Postprocessed images or later image acquisitions relating to
the same examination (imaging study) may be added to the exami-
nation on PACS using DICOM performed procedure step (PPS).

9. The examination is viewed on a diagnostic PACS workstation,
i n conjunction with the clinical details relating to the examination
(as stated when the examination was requested) and any pertinent
past imaging examinations.

1 0. The examination is reported (dictated) using a digital speech
recognition system and the resultant text report generated is visible
on PACS and the radiological information system (RIS), as well as
being accessible on the hospital information system (HIS) and via
the electronic patient record (EPR).

1 1. The report is verified (electronically signed) by one of the
reporting radiologists.

1 2. Possible addenda are added to the report when the examina-
tion is later reviewed or audited, and these addenda are electroni-
cally signed by the radiologists responsible for them.

Integration It is clear that a number of information technology
systems are involved in the digital workflow scenario outlined
above, and all these must be integrated seamlessly with one
another for the digital workflow to function smoothly. In most
health care environments there will be a number of legacy com-
puterised systems already in place, which function well in isola-
tion but are not integrated with one another. It is essential that
demographic (textural) data, such as the patient's name and per-
sonal details, be entered only once on the hospital network of
computer systems, to avoid typographical errors generating spuri-
ous patients with different hospital numbers for the same individ-
ual. It should also be possible for the person accessing the system
to navigate from one dataset to another on the same patient,
without having to log-in again, or to re-enter the patient's demo-
graphic details. Thus one virtual database must exist linking all
these disparate computer systems. Even if a completely new
health care institution is being created, different medical special-
ists may wish to install electronic systems from different manu-
facturers, choosing the `best of breed' information technology
(IT) solution best suited to fulfilling their specialised require-
ments. rather than making do with the solution that happens to be
provided by a single vendor chosen to equip the entire institution.

I . The examination is electronically requested, with the relevant This important issue of streamlining workflow and integrating
clinical hi~tocy Wecails) provided. the various hospital 1T systems is being addressed by the ME

2. The request is justified electronically or manually, as appro- (Integrating the Healthcare Enterprise) initiative launched at the
priate to the investigation, and accepted, modified or rejected, with Radiological Society of North America (RSNA) international

i mprovement in spatial resolution in the z-axis (long axis of the
patient), allowing good quality MPR and 3D reconstruction from
t he dataset.

A further advantage of rapid scanning is that contrast medium
can be deployed with greater precision, whether used for imaging
of solid organs or vascular structures. Data can be acquired entirely
within the arterial phase of a peripheral intravenous injec-
tion, giving the possibility of performing angiographic studies
(Fig. 59.39).

By increasing the speed of table movement during data acquisi-
tion, coverage in a given time can be increased and radiation dose
reduced. The relationship between slice width and table travel per
gantry rotation is known as pitch. The disadvantage of increasing
pitch is that the image quality decreases as pitch increases, primar-
ily due to an increase in the effective slice width. Pitches greater
than 1.5-2.0 are not recommended. By using multiple banks of
detectors, multislice scanners acquire several interlaced datasets
simultaneously. This can be used to both decrease the individual
slice collimation (slice thickness) and increase the table increment
per tube rotation, giving rise to faster scans with even better z-axis
resolution. The relationship between slice collimation and table
i ncrement per rotation is then modified by the number of simultane-

ous slices in order to retain an effective pitch ratio of less than 2.
I mage quality and radiation dose do not inherently differ in any

significant way from conventional single-slice CT. However, the
rapidity and case of scanning may mean that larger volumes than
before are routinely imaged. Moreover the versatility of helical CT
i s such that more CT is being used in clinical practice. The radia-
tion dose to the population from CT is therefore likely to be
i ncreasing. The massive increases in computer power, coupled with
t he more rapidly acquired, thinner slice data from multislice helical
CT, has resulted in a plethora of image display techniques such as
surface-shaded 3D. maximum and minimum intensity projections,
and endoluminal surface reconstructions such as virtual
colonoscopy. The clinical value of these techniques is currently
being actively investigated.



meeting 1999. This initiative is bringing together for the first time
vendors of clinical information systems with manufacturers of
PACS and imaging equipment, and there is thus broad industry
support for the work of IHE. IHE is not introducing new standards,
but merely facilitating those which already exist by defining
profiles that specify an unambiguous way to communicate integra-
tion requirements.

Web-based integration One of the simplest solutions to this
i ntegration dilemma is to use a web-based protocol so that all the
different computer systems, such as the RIS and the HIS, are
merely web-based clients, allowing the user to browse different
datasets on the same patient in much the same way as the world-
wide web allows users to access different computer servers around
the world over the internet, and to pass easily (by pointing and
clicking) from one internet site to another. PACS manufacturers are
using web browsers to allow review of PACS images and reports
from ordinary desktop PCs. Indeed, a growing number of PACS
vendors are using web technology for their entire PACS, not just
for review workstations. Web technology used in this manner
has much to commend it: upgrades can be carried out on central
servers without the need for software packages to be upgraded
on many specialised workstations; training requirements are
minimal, as the majority of modern health care professionals
are familiar with the use of web browsers; and navigation be-
tween different modules is facilitated by pointing and clicking on
hyperlinks.

DICOM Digital imaging and communication in medicine is a
standard, now accepted worldwide by vendors and users of imaging
equipment, which precisely describes the various attributes of
pieces of apparatus one might wish to connect together on a
network, and thereby specifies whether they will be able to inte-
grate with one another and to what extent they will interact.

HL7 Health level 7 is a standard which is less well defined than
DICOM and is used by vendors of patient information systems such

as HIS and RIS. Originally a standard used predominantly by North
American manufacturers, it has now superseding other, less well
accepted European standards. HL7 and DICOM equipment can be
relatively easily integrated together using standard brokers (proto-
col converters).

The electronic patient record (EPR) The EPR (or electronic
medical record, EMR) can be thought of as an almost virtual
entity linking the other health care computer systems together
(Fig. 50.40); however, it must also ultimately accommodate the
electronic patient case notes, discharge summaries, clinic letters
and prescribing data.

The databases of all the various computer systems in the hospital
need to be linked (or be the same database) so that, when any rele-
vant items of that patient's demographic details are entered on any
part of the system (patient name, hospital number, NHS number,
date of birth, etc.), that patient will he accessed. Input of demo-
graphic data only once minimises error. Any update to a patient's
demographic data on any part of an integrated EPR system (e.g. the
HIS, RIS or PACS) means that that updated information is propa-
gated to all systems automatically, ensuring that all systems contain
accurate information.

Hospital information system (HIS) Other names for the HIS
i nclude the CIS (clinical information system) and PAS (patient
administration system). The HIS is a computer system that holds

data such as patient demographics (name, address, hospital
number, family doctor name, and other personal information on
the patient), the numerical results from laboratory tests (biochem-
istry, haematology, bacteriology, virology, immunology), and
reports from clinical investigations (such as endoscopic and bron-
choscopic studies, pathological examinations of tissue): as well
as scheduling information such as outpatient clinic appointments,
hospital admissions, the bed state and occupancy, and patient dis-
charge information. The HIS is currently the most important com-
puter system in the majority of extant hospitals. It forms a major
part of the EPR, but also needs to integrate with the RIS and other
specialised reporting systems (such as in histopathology) so that
all the radiological and other reports are visible from within the
HIS. HIS needs to integrate with PACS for prefetching old exami-
nations on patients attending outpatient clinics but not necessarily
having a new radiological examination. (These patients will not
be scheduled on RIS if they are not undergoing a new radiological
procedure and therefore their old images will not be prefetched by
the RIS.)

Electronic remote requesting system (RRS) Such systems are
also referred to as remote order entry and order communications
(order comms). They provide an electronic means of requesting
and booking investigative examinations from a remote location
(wards, outpatient clinics and general practitioner surgeries). It is
suggested that the entire health care facility be served by a
common electronic remote requesting system (RRS), but that the
requests to different departments will have customised front-end
software. Thus there will be menus tailored to suit an imaging
request, a haematology request, a biochemistry request, a
histopathology request, and so forth. In this way the remote
requesting system can be kept as generic as possible.

The RRS is frequently regarded as being a module of the HIS,
but must be integrated with the RIS and with the PACS. There
needs to be a very close integration of the RRS with the RIS
because a list of the previous imaging examinations that a patient
has had, with their reports (known to the RIS), must automatically
be presented to, or easily accessed by, the requesting doctor. Also,
procedures booked on the RRS will need to be closely linked with
the RIS procedure code, and the RRS needs access, via the RIS, to
the room availability for booking the various imaging procedures
within the imaging department.

The clinical details pertaining to the requested imaging examina-
tion arc entered onto the system (typed or entered by a speech
recognition system) and are thus legible, and already in digital
form, thereby rendering the examination-requesting process paper-
less. An RRS is very advantageous in the presence of a PACS since
it ensures the typed clinical details relating to the examination will
appear on the diagnostic PACS workstations in conjunction with
the associated images at the time of reporting. There is thus no need
for these details to be typed from a paper request form, nor for
paper request forms to he digitised.

Radiological information system (RIS) The RIS is the computer
system responsible for the scheduling of the various rooms within
the imaging department and booking of examinations into those
rooms, and it serves as the repository of the radiological reports
once they have been typed. The workflow of the imaging depart-
ment and its radiologists, radiographers and typists can be audited
from the RIS data. Every imaging procedure is allocated a



specific RIS code. Many patients are known to the RIS but not to caesium iodide) produce light photons locally, which arc then con-
the HIS, as they have only attended the hospital for an imaging vertcd into electrical signals. The earlier photostimulable phosphor
procedure (referred directly from their family doctors) but have plate technology, generally known as computed radiography (CR),

not been seen as an inpatient or outpatient at the hospital and is the most widespread means of acquiring plain digital radio-
therefore will not have been given an HIS-based hospital number. graphic images, although in fact this technology produces an ana-
This illustrates one reason why the various IT computer systems logue signal in photons, which is converted to a digital signal as a
in the hospital must share a common database, or have their data- final step by cathode ray tube.
bases seamlessly integrated. When a patient is scheduled for an PACS Regardless of the size of the PACS project, it should
i maging procedure, the RIS must first check to see whether a always be founded on a formal contract between the institution and
patient with the same (or very similar) name already exists in the the PACS vendor, and it should define in detail the responsibilities
HIS/EPR database, and only if no match is found will a new id of each. Different vendors arc contributing to the project. it is
(identification) number be allocated to the patient. highly desirable to have one who contractually assumes ultimate

Modern RIS and imaging acquisition modalities support the responsibility for the integration of each part of the network so
DICOM service of `modality worklists', whereby a list of patients there can be no argument when an interface problem arises.
whose examinations are to be acquired on a particular modality is Clearly a PACS must replace the traditional roles of conventional

passed automatically to that piece of image acquisition apparatus film, namely: the acquisition, display, transport, storage and
(e.g. a CT scanner, a computed radiography phosphor plate imaging retrieval of images. The major added value provided by a PACS is
device), thus generating a worklist. This is an extremely important the institution-wide efficiency with which those roles are achieved.
aspect of departmental workflow facilitated by DICOM, as it obvi- This operational efficiency is only truly realised when film has been
ates the need for the operator to retype the patient name and other withdrawn and the entire institution has an electronic digital
i dentification details onto the acquisition apparatus and thus avoids workflow. The two critical characteristics of a PACS are its perfor-
the generation of typographical errors and the mismatch of data that mance and the access it provides to radiological examinations.
would otherwise result. This is particularly important when The physical architectures of most PACS installations today are
working in a PACS environment because images on the acquisition similar, consisting of fast networks connecting multiple servers,
modalities will only be accurately sent to their destination on PACS modalities and workstations. The physically distributed, but logi-
i f the demographic details match exactly; if they do not, and the cally centralised, architecture provides the most powerful capabili-
i mages are still sent, they end up as `orphan' examinations, usually ties to PACS users, especially in large PACS installations.
l abelled `unspecified', and require manual reallocation or merger The network is the critical link for all the individual C0111-

with the correct PACS entry by a PACS systems administrator. Such ponents in a PACS. Its performance is a major factor in determining
housekeeping database `clean-up' operations are time consuming, the ability of a PACS to support the examination volume of the
i nefficient, wasteful of resources and interfere with departmental hospital.
workflow. Most PACS products now use industry-standard networks,

usually consisting of a high-speed network (backbone) that spans
Acquisition devices When purchasing new apparatus (or PACS the entire institution, with branches that connect individual coin-
components), it is crucial for radiologists to specify the role that ponents or groups of components to the backbone. Networks can be
they expect that apparatus to play in the setting of departmental differentiated in several ways, including cable type, speed, commu-
workflow so that it can be established which DICOM attributes nication protocol and topology.
that piece of apparatus will need to support. The DICOM attrib- Ethernet is the most common network in use today: 100 megabit
utes of any piece of modern imaging equipment are listed in its per second (100 Mbps) is the minimum Ethernet speed required for
DICOM conformance statement, and a technical expert will thus efficiently transmitting the large amount of data contained in radio-
be able to determine whether or not two pieces of DICOM con- logical imaging examinations (8-10 megabytes of data in a chest
formant apparatus will be able to interface with each other and radiograph) in a PACS network.
carry out the desired functions, as this will depend upon cornpar- For a PACS used for high-volume primary diagnosis (at least
i ng their respective DICOM conformance statements and deter- 50 000 procedures per year), the network traffic is very large. Such
mining which common DICOM attributes they possess. DICOM a system should not share a network with other functions in the
i s an international standard composed of numerous subparts. It is enterprise if it is to guarantee consistently high performance. This
continually being expanded and improved in such a way that none usually means that a network will have to be installed specifically
of the additions negates pre-existing parts of the standard, but for the PACS.
builds upon them. All PACS products have a database to store information identify-

I n a digital workflow environment, images clearly need to be ing patients and cataloguing their imaging studies. Most PACS
acquired digitally rather than in analogue format. This is already i nstallations use a single relational database (like Sybase, Oracle or
the case for most of the specialised examinations: computed tomog- Microsoft Access) to store identifying information for patients
raphy, magnetic resonance, digital fluoroscopy and angiography, and studies. The user interacts directly with the database to find
radioisotope scanning, the newer ultrasound scanners and positron the imaging study of current interest, and thus the database per-
emission tomography. The bulk (>-70%) of the imaging workload of formance is critical to the performance of the whole PACS.
any imaging department, however specvaXise(X, is composed Of plain The radiologists' participation in the digital woY )'N process is
radiographic image acquisition. The newer direct digital acquisition highly dependent upon having a user-friendly seamless reporting
systems for plain radiography capture remain very expensive, but process in place. The PACS software plays a crucial role in facilitat-
produce a signal in direct digital format. Some are more directly i ng rapid reporting from PACS, which must be at least as rapid as
digitally acquired than others: those using a scintillator (generally reporting from hard-copy film in a conventional film-based radio]-
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ogy department. It is also essential, as discussed above, to have sat-
isfactory integration of other computerised health care systems
closely related to reporting from PACS: in particular, the electronic It is clear that digital workflow (filmless and paperless) throughout

RRS (which supplies the typed clinical details associated with each a hospital, or other health care enterprise, is utterly dependent upon

i maging study); the speech recognition system (which immediately seamless integration of the various computer systems contributing

converts the radiologists' dictated reports into text on the system); to that workflow. It requires efficient appropriate networks and con-

and the RIS (which stores these typed reports). scicntious round-the-clock maintenance and management.

The PACS software concepts required for efficient soft copy
reporting are: availability of relevant historical images for com-
parison (often known as prefetching), compilation of reporting
worklists, ordered arrangements of the current and previous images
on the PACS workstation monitors by default (often called default
display protocols (DDPs), or hanging protocols), and reporting or
' dictation macro' software to facilitate the mechanics of the soft-
copy reporting process. The compilation of worklists of unreported
i maging studies (particularly for plain radiography reporting)
should he automatic but flexible and institution configurable. The
triggers for building such worklists are generally within the RIS.

E-mail Easy intranet e-mail access from all modules forming part
of the EPR, but especially the electronic RRS and the PACS, is
desirable in allowing rapid correspondence with requesters of
i maging procedures. This can be useful, for example, in alerting a
requesting clinician to a rejected or modified request for an
i maging procedure on the RRS, or drawing his or her urgent
attention to an abnormal imaging result. Restricting the e-mail
access to the intranet rather than the internet reduces the strin-
gency of requirements for protective firewalls and the need for
data encryption.

On-line journals The reporting radiologist can benefit from
accessing on-line journals and textbooks as sources of reference
during reporting. Ideally, these should be accessible from the
same workstation the radiologist is using for viewing PACS
i mages and dictating reports on the speech recognition systems,
as it is cumbersome and time consuming to have to log into, and
activate, a separate computer system for every task and this inter-
feres with streamlined workflow.

Image library/museum and teaching modules The transfer of
digital images to an on-line image library and/or personal teach-
i ng or academic folders should be considered part of the digital
workflow. This area has been rather neglected until recently. being
seen as a non-essential part of digital workflow of interest only to
academic centres (even though it is actually of concern to the
majority of radiologists and other clinicians) and possibly also
because it was not considered by PACS vendors to be a finan-
cially rewarding area for investment.

Speech recognition dictation system Speech recognition (voice
activation) systems are now beginning to achieve sufficient accu-
racy (>_95%) to be acceptable for clinical use and use in radio-
l ogical reporting (dictation). The accuracy and speed of learning
of such systems is an important issue affecting departmental
workflow: radiologists require an extensive customised word
database for their work (which is specific to imaging and to the
appropriate form of English used to generate reports), and time
spent correcting the text must be low enough not to impact
significantly on the time spent generating the report. It is crucial
that a speech recognition system be integrated into the depart-
mental RIS and into the hospital PACS, rather than acting as a
stand alone system, which is still often the case.
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Fig. Al Ossification of bones of the shoulder. A, 8th week of fetal life.
B, 5th and 6th weeks of fetal life, fuse about the 45th day of life. C,
8th week of fetal life.

a. Head of humerus 1 year
b. Greater tuberosity 3 years

Lesser tuberosity 5 years
c. Two epiphyses for acromion 15-18 years, fuse by 25th year
d. Middle of coracoid process 1 year, fuses 15th year
e. Root of coracoid process 17 years, fuses 25th year
f. Inferior angle of scapula 14-20 years, fuses 22-25 years
g. Medial border of scapula 14-20 years, fuses 22-25 years
h. Sternal end of clavicle 18-20 years, fuses 25th year.

a. External epicondyle 10-12 years, fuses 17-18 years
b. Internal epicondyle 5-8 years, fuses 17-18 years
c. Capitellum 1-3 years, fuses 17-18 years
d. Head of radius 5-6 years, fuses 16-19 years
e. Trochlea 1 1 th year, fuses 18th year
f. Olecranon 1013 years, fuses I6-20 years.

Fig. A2 Ossification of bones of the
elbow. A, 8th week of fetal life. B, 8th week
of fetal life.

These three epiphyses fuse with one another in the 6th year and
with the shaft in the 20th year.

The following illustrations show diagrammatically the dates of
appearance of the primary and secondary ossification centres in the
various regions of the body. Primary ossification centres are identi-
fied by capital letters; secondary ossification centres are identified
by small letters.



Fig. A3 Ossification of the wrist, carpus, and hand. A, Capitate 4 months.
B, Hamate 4 months. C, Triquetral 3 years. D, Lunate 4-5 years.
E, Trapezium 6 years. F, Trapezoid 6 years. G, Scaphoid 6 years. H, Pisiform
11 years. I, Metacarpals 10th fetal week. J, Proximal phalanges 11th fetal
week. K, Middle phalanges 12th fetal week. L, Distal phalanges 9th fetal
week. M, Middle phalanx of 5th digit 14th fetal week.

a. Lower end of radius 1-2 years, fuses 20th year

b. Lower end of ulna 5-8 years, fuses 20th year

c. Metacarpal heads 2; years, fuse 20th year

d. Base of proximal phalanges 2; years, fuse 20th year

e. Base of middle phalanges 3 years, fuse 18-20 years

f. Base of distal phalanges 3 years, fuse 18-20 years
g. Base of I st metacarpal 2z years, fuses 20th year.

Fig. A6 Ossification of bones
of the foot. A, Calcaneus 6th

fetal month. B, Talus 6th fetal
month. C, Navicular 3-4 years.
D, Cuboid at birth. E, Lateral

cuneiform 1 year. F, Middle
cuneiform 3 years. G, Medial
cuneiform 3 years. H, Metatarsal
shafts 8-9th fetal week. I, J, K,
Phalangeal shafts 10th week.

a. Metatarsal epiphyses 3 years, fuse 17-20 years

b. Proximal phalangeal base 3 years, fuse 17-20 years

c. Middle phalangeal base 3 years, fuse 17-20 years

d. Distal phalangeal base 5 years, fuse 17-20 years

e. Posterior epiphysis of calcaneus 5th year, fuses at puberty.

Fig. A4 Ossification of bones of the hip. A, 7th fetal week.

a. 1 st year, fuses 18-20 years

b. 3-5 years, fuses 18-20 years

c. 8-14 years, fuses 18-20 years.

a. At birth, fuses 20th year

b. Tibia) tubercle 5-10 years, fuses 20th year

c. 4th year. fuses 25th year

d. At birth, fuses 20th year.

Fig. AS Ossification of bones of the
knee. A, 7th fetal week. B, 8th fetal

week. C, 5 years.
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Note:
Atlas: 3 centres; one for each lateral mass and one for the anterior

arch-unite 6-8 years
Axis: 5 primary centres; one for the body, two for the arch, two for

the odontoid process
2 secondary centres; one for the tip of the odontoid, one for the

i nferior rim of the body
7th Cervical vertebra: extra primary centre for each costal process
Lumbar vertebrae: have two extra secondary centres for the mamil-

lary processes.

Detailed assessment of bone age is discussed in Greulich,
W. W., Pyle, S. I. (1959) Radiographic Atlas of Skeletal

Development
o,/the

Hand and Wrist. Stanford University Press.Fig. A7 Ossification of
bones of the pelvis. A, Ilium
3rd fetal month. B, Ischium
4th fetal month. C, Pubis
5th fetal month. Note:
i schiopubic ramus fuses at
7th year.

a. Y-shaped
cartilage-2

or more centres

b. Iliac crest
c. Anterior inferior iliac spine

d. Pubic symphysis

e. Ischial tuherosity.

Appear about puberty-fuse 20-25 years.

Fig. A8 Ossification of vertebrae. A, Body 8th fetal week. B, Neural
arch-one for each side-8th fetal week.

a. Transverse process
h. Spinous process
c. Upper surface of the body
d. Lower surface of the body

All appear at about 16 years and fuse by the 25th year.



APPENDIX B

already back-projected data from the previous image, can result in a moving
i mage in `near real-time', less than 250 ms later.

Detector Hardware used to convert incident X-rays into electrical impulses.
Xenon gas detectors are stable and relatively inexpensive hut only approxi-
mately 60% efficient. Solid-state crystal detectors arc expensive and some
are less stable but are over 99% efficient in converting X-rays to electrical
i mpulses. Higher conversion efficiency can allow radiation dose reduction.

Direct coronal Patient positioning to allow scans to occur in the coronal

plane.
Direct sagittal Patient positioning to allow scans to occur in the sagittal plane.

Dose-radiation dose Measurement of radiation dose on CT is more compli-
cated than for other radiological techniques as the patient is irradiated from
all directions around the circumference of the scan (unless a partial scan is
performed). Calculation of the effective dose can he performed from a com-
bination of measurements and computer simulations. Radiation doses for
CT tend to be higher than for most other diagnostic imaging techniques.
While only 2% of radiological examinations are by CT, they account for
20% of the population diagnostic radiology dose in the UK.

Dynamic scan Rapid scan acquisitions, which may all be at the sank site over
a period of time (dynamic sequential scan) or with table increments
between each scan (dynamic incremental scan). Dynamic scanning on con-
ventional equipment is being superseded by spiral scanning.

Flying focal spot Electromagnetic oscillation of the X-ray tube focal-spot
position during scanning, performed at every data acquisition point during
gantry rotation, give two sets of data from slightly different positions for
each gantry position. consequently improving spatial resolution to a level
that would otherwise require twice as many detectors, each of half the front
face area.

Gantry The scanner gantry contains the X-ray tube and detectors mounted
around a central tunnel through which the patient and table pass. The gantry
can be angled away from the vertical over a limited range. Some spiral
scanners also have the generator mounted on the gantry.

Helical scanning Correct terminology for what is usually referred to as spiral
scanning, where the use of slip rings allows the X-ray tube and detector
assembly to rotate continuously in one direction at 0.5-I revolution per
second. Continuous smooth table motion results in a helical path of the
X-ray beam through the patient with no pauses between adjacent loops of
the helix. Images can be reconstructed centred on any point in the helix,
allowing overlapping sections to be generated.

Hounsfield unit (HU) This is the corrected or accurate value of the CT
number, measured from the scanner image, although CT number and
Hounsfield unit are often used interchangeably. The Hounsfield unit is
defined by the relationship between the linear attenuation value of the mate-
rial being scanned and that of water. A vacuum has a Hounsfield unit value
of -1000, while water has a value of zero. The upper end of the scale is
open ended but image data storage limitations usually result in a scale from
-1024 to +3096 (12 hit).

HRCT High-resolution computed tomography usually applied to pulmonary
i maging. See CT Scanning of the Lungs, Chapter I.

Interpolation A mathematical process used to estimate the value to ascribe to
a point lying between known measurements. Interpolation is used in spiral

The terms included in this glossary are some of those commonly used for CT
scanning and subsequent image manipulation. Some of the terms are common
to the manipulation of other digital images, being generic to image manipula-
tion rather than to CT. Other terms have accepted clinical, radiological or
anatomical meanings but are included here as they carry specific connotations
when applied to CT scanning. Some terms vary between manufacturers.

Algorithm Computer program which modifies the raw data to alter the
characteristics of the final image; e.g. bone or high spatial frequency algo-
rithm gives high spatial resolution to the image but increases image noise,
soft-tissue or low spatial frequency algorithm reduces image resolution but
reduces image noise.

Artefact A fault in the image not representing an object in the scanned
volume. Artefacts may be generated by the imaging equipment, by patient
motion during scanning, or by many other confounding factors.

Back projection The computer technique used to convert the raw CT data
i nto all image. Filtered back projection is performed, the digital filtration
alters the data prior to back projection in order to optimise the image spatial
resolution and noise (see Algorithm) and to reduce artefacts.

Collimation The use of lead shutters to control the effective thickness of the
X-ray beam and thus the slice thickness. Prepatient collimation is next to
the X-ray tube. Positioning of the shutters requires high precision and accu-
racy as the beam will diverge, thus the shutter collimation has to be less
than the nominal slice thickness. Prepatient collimation markedly affects
patient radiation dose. Postpatient collimation is next to the detectors. This
will reduce scatter and also controls the nominal slice thickness. Thin-
section CT can be more easily acquired with postpatient collimation, but
accurate alignment between pre- and postpatient collimation is required to
optimise radiation (lose.

Cone beam Descriptive term for the shape of the 'swept volume' passed
through by the CT beam for a detector row away from the centre of the fan-
beam on multislice CT. Because this beam is not perpendicular to the detec-
tors, it generates image artefacts. Corrections for the 'cone beam geometry'
of the data acquisition from multislice scanners are under development to
enable wider banks of detectors to further increase the volume scanned per
rotation.

Contiguous Sections which are nominally immediately adjacent to each other.
Contrast resolution Ability to resolve structures according to density dif-

ference. Influenced on CT by the noise in the image, improved by higher
mAs (radiation dose).

Convolution Computer manipulation of raw data to generate an image
(usually by back projection).

CTDI CT dose index. A measurement of radiation dose per 100 mAs on tile
surface of. 1 cm into or at the centre of a plexiglass cylinder 16 or 32 cm in
diameter. Used to make comparisons of dose between scanners as simple
mAs exposure levels do not give comparable doses between different
scanners.

CT fluoroscopy Rapid serial display of images from a single-slice location to
provide an image updated between one and several times a second, used to
guide interventional procedures by CT. Fast image reconstruction algo-
rithms, often without the usual correction steps and utilising some of the
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Reconstruction The production of an image floor the 'raw data'.
Reformation (reformatted image) The generation of images in an alternative

plane from the original CT images. Reformats can now he in any plane or
even curved, as computer speeds have improved. Multiple overlapping
sections such as those obtained froin spiral acquisitions produce markedly
i mproved reformat image quality.

Region of interest (ROI) Any Part of a CT image on which measurements are
being made-particularly measurements of the mean CT number.

Scout view CT scanner digital radiograph acquired by keeping the X-ray tube
and detectors stationary whilc moving the table through the gantry. The
resultant image can he used to identify the start and stop points for the
subsequent CT sections.

Segmentation Removal of part of each image in a stack in order to allow sub-
sequent manipulations to be applied to the area of interest, e.g. removing
the spine from an angiographic CT to allow MIP projections without the
bone densities obscuring the vascular contrast densities.

Slice thickness The nominal thickness of the slice which the image repre-
sents. As the X-ray beam is divergent, the sampled volume in the patient is
t hicker around the edges than centrally. The alignment of pre- and post-
patient collimation may also affect the true slice thickness. Image noise is
reduced with thicker slices but partial volume averaging effects become
apparent in larger structures.

Slip ring A component of the gantry transferring data or electrical energy to
or from the stationary (fixed) part of the scanner to the rotating part of the
gantry, allowing continuous rotation of the gantry. Low-voltage slip rings
can supply current to an onboard generator. high-voltage slip rings
allow the generator to he separate from the gantry and supply high kV to
the tube.

Spatial resolution Ability to resolve structures according to size. Formally
assessed by calculation of the modulation transfer function. Influenced on
CT by choice of field of view (targeting), mAs (radiation dose) and recon-
struction algorithm (bone or high spatial frequency algorithm).

Spiral Sec Helical.
Surface rendered A computer-generated image of the surface defined by a

specified minimum pixel intensity in a stack of images. Used to generate a
'three-dimensional' image.

Surface shaded Computer enhancement of a three-dimensional CT image to
give a 'realistic' shaded effect to the surface of the object.

Voxel The volume within the scan plane that is represented by a pixel in the
t riage.

Window The window width is the range of CT numbers that will occupy the
entire greyscale of the display monitor: the window level is the CT number
at the midpoint of that range. Altering the width and level therefore alters
the contrast and brightness of the image, allowing the entire image density
range to he interrogated on the monitor.

scanning using data Itom the adjacent loops of a helix to produce a correc-
tion for the helical scan path.

Matrix A grid of picture elements (pixels) from which the CT image is coot
posed. Most scanners use 5 12 x 512 pixel matrices: 256 x 256 and 320 x
320 are becoming less commonly used as scanner resolutions improve and
data storage media get cheaper. Many scanners now have display consoles
with 1024 x 1024 matrices.

Maximum intensity projection Computed image derived from a stack of CT
i mages which displays the slack from any direction, with the image density
related to the peak pixel value seen from that direction throughout the stack
volume. This technique is used to demonstrate vascular enhancement in an
' angiogram-like' way.

Minimum i ntensity projection As for maximum intensity projection but with
i mage density related to the minimum pixel value.

Multislice CT CT scanner in which the detector bank is split into several
adjacent rows so that the data acquisition from a single gantry rotation can
he used to produce multiple adjacent thin slices from a beam collimated to
one thicker section.

Pitch (Pitch prime) The usual definition of pitch (see above) can Cause con-
tusion when applied to nmItislice CT. A scanner with a 2 cut wide beam
hitting four 5 mm detector rows to give four simultaneous sections with a
t able increment of 2 cm per rotation has a pitch of 4 (table increment over
i ndividual detector width) but a pitch prime of I (table increment over
nominal beam width).

Pitch factor In spiral scanning, this is the ratio of the distance travelled by the
t able per rotation of the gantry to the X-ray beam collimation. A pitch factor
of I is standard: increasing the pitch actor to 1.25 or 1.5 results in thicker
effective slices, more image noise, greater image artefacts, and lower
patient radiation dose. It requires greater interpolation of data but allows a
shorter scan time or an extended scan volume.

Pixel Picture clement in the inutge display (cf. Voxel).
Postprocessing Manipulation of the image data.
Preprocessing Manipulation of the 'raw data' to enhance certain features it)

subsequent image reconstructions.
QCT Quantitative computed lomography-the use of a calibration procedure

to identify the values of the CT numbers in an image in terms of a reference
material. QCT is most commonly used to measure the mineral density of
trabecular hone in the spine. Techniques have been described using two
different scan energies (kVp) to allow for correction of the error introduced
by the presence of marrow fat in trahecular hone (dual energy QCT-
DEQCT). QCT can also he calibrated to measure the iron content of the
liver.

Real-time CT Rapid image reconstruction such that the image is available
almost as soon as the data acquisition for that slice is finished. Sec CT
fluoroscopy.



Even echo rephasing Re-establishment of spin-echo coherence of moving
spins on symmetric even echoes (e.g. 2, 4, 6, etc.) in multiecho sequences
as a result of sequential integration of signal phase shifts summing to zero.

Fat/water suppression A method that suppresses the signal within the

i maging volume from cither fat or water protons by application of a

frequency-selective saturation RF Pulse.
Ferromagnetic A substance, such as iron, cobalt or nickel, that is attracted by

a magnetic field and retains its magnetism once removed from the effects of

the magnetic field.
Flip angle The angle through which the magnetisation vector moves, relative

to the longitudinal axis of the static magnetic field, as a result of the appli-
cation of an RF pulse. This variation in flip angle is used in gradient-echo

i maging to obtain the various tissue-weighted images (a low flip angle (typ-

i cally 10-30°) produces a T,-weighted image and a 90° flip angle pulse

provides T i - weighting).

Flow-related enhancement A process by which the signal intensity of
moving fluids can be increased as compared with signal from stationary
tissue; it occurs when in-flowing, unsaturated fully magnetised spins
replace saturated spins within the imaging slice between successive RF

pulses.
Fourier transform A mathematical process by which the frequency compo-

nents of a signal are separated from its amplitudes as a function of time, and

vice versa.
Free induction decay (FID) A transient signal that occurs as the transverse

magnetisation decays towards zero following application of an RF pulse.

Gauss (G) An old unit used for measuring magnetic field strength. The inter-
nationally accepted unit is the Tesla ( I Tesla = 10 000 Gauss). The earth's
magnetic field is approximately 0.5 Gauss.

Gradient coils These are magnetic coils designed to alter the main magnetic
field (in order that the magnetic field is stronger in some areas compared
with other parts) by a few per cent. The magnetic field gradient generated
by a coil is controlled by the electrical current passed through the coil. They
are used to localise a slice and spatially encode slice information.

Gradient echo (GE/GRE) A basic pulse sequence which only uses magnetic
field gradient reversal to rcphase the transverse magnetisation and produce
echoes of the MR signal. This allows shorter repetition tines thus faster
scanning, and flip angles less than 90° (see flip angle).

I mage acquisition time This is the scanning time to produce a set of images
from a measurement sequence. For a 21) sequence it is the product of the
repetition time (TR), number of signal excitations/averages ( NEX/NSA).

and the number of phase encoding steps (N,). For a 3 1) volume sequence
the acquisition tittle is as for the 2D sequence together with the product of
the number of partitions (z phase encoding steps, N,). For fast (turbo) 2D

sequences the acquisition time is the product of the 2D sequence divided by

t he echo train length (ETL).

Inhomogeneity The slight variation in uniformity of the static magnetic field
expressed in parts per million (ppm) as a fractional deviation from the

average value of the field.
Inversion recovery (IR) A basic pulse sequence which inverts the magnctisa-

tion and measures the recovery rate as the nuclei return to equilibrium. This
rate of recovery is dependent on the T i relaxation rate.

Aliasing An artefact that occurs, as a result of the nature of the image encod-
i ng process, when the field of view (FOV) is smaller than the area being

i maged. There is folding-over of the anatomy outside the FOV hack into the
i mage. Also called 'fold-over' or 'wrap-around' artefact.

Angular frequency Frequency of oscillation or rotation (measured in
radians/second) represented by the Greek symbol omega (w). w = 27rv,
where v is the frequency in Hertz.

Artefact An error that occurs in the reconstructed image which does not cor-
respond to any anatomical region or pathological lesion within the patient.
There are many sources of artefact in MRI.

Averaging A method for improving the signal-to-noise ratio (SNR). The data
lines in k-space are acquired multiple times by repeat acquisitions of the
sane phase encoding steps. The same MR signal is added up and the sum
divided by the number of signals (i.e. number of signal excitations (NEW)/
signal averages (NSA)).

B„ The symbol used for the static main magnetic field in the MR system mea-
sured in Tesla. The orientation of this field is along the z axis.

Il l The symbol used to denote the iadiofrequency (RF) magnetic field in an
MR system measured in TesIA

Bandwidth A measure of the range of frequencies within which the MR
system is tuned to receive the signal (receiver bandwidth) or the range of
frequencies within an RF pulse delivered by the transmitter (transmitter
bandwidth). Alteration in the receiver bandwidth affects the SNR, with nar-
rowing of the bandwidth increasing SNR and vice versa. RF pulses of
different bandwidths arc used for various applications within pulse
sequences.

Coil Single or multiple loops of wire (or other electrical conductor such as
tubing) designed to either produce (transnit) a magnetic field from current
flowing through the wire or measure (receive) an induced voltage in the
loop arising from a changing magnetic field.

Diamagnetic A substance that will slightly reduce the strength of a magnetic
field in which it is placed. The polarity of the magnetisation induced in a
diamagnetic substance (most organic material) is opposite to that of the sur-
rounding magnetic fields, and has negative magnetic susceplibi/itv. These
substances have no unpaired orbital electrons.

Diffusion A process whereby water and other sniall molecules in a tissue
undergo random microscopic translational movement from Brownian
motion (thermal processes). MR is a sensitive technique for measuring dif-
fusion effects, e.g. in strokes, differentiating cysts from solid tumour and in
CSF dynamic studies.

Echo rephasing The re-establishment of MR signal coherence which is
achieved with either a 180° RF pulse or by gradient switching.

Echo train length (ETL) This is the number of echoes individually phase
encoded for a fast (turbo) spin-echo sequence. The ETL corresponds to
the number of lines of k-space measured per repetition tune (TR) interval.
ETLs can range typically from 3 to 128 depending on the pulse sequence
type.

Eddy currents Small electrical currents induced by the changing magnetic
fields within the gradients coils or the structure of the magnet. These
i nduced electrical currents degrade image quality unless either properly
compensated for or cliniinated.

1852

APPENDIX C



characteristic fixed values. Nuclei of paired neutrons and protons align to
cancel out their spins and thus do not resonate.

Off-centre field of view A field of view (FOV) that is not centred at the
i soccntre of the magnet.

Paramagnetic This describes a substance (e.g. gadolinium, ntethacmoglobin)
with positive magnetic susceptibility (opposite of diamagnetic). The sub-
stances align themselves with the static magnetic field and allect the rcla.x-
ation times of tissues containing them. Gadolinium-chelate contrast agents
are used for this effect, reducing the T, relaxation times (with subsequent
i ncrease in signal) of tissues containing them.

Phase-contrast (PC) angiography A 21) or 3D imaging technique relying on

velocity induced phase shifts to distinguish [lowing blood front stationary
tissues. This technique relies on the fact that the phase gain of flowing

blood is proportional to its velocity, assuming constant velocity. The mugni-

l ode i mage shows the vasculature with the direction of flow given by the

phase i mage (also called phase map).
Phase encoding This allows the localisation of an MR signal by applying a

series of varying phase encode gradient pulses in order to alter the phase of
spins prior to signal readout. The spins themselves retain memory of the

effect of the separate phase encode pulses.
Pixel An acronym for picture element describing the smallest component of a

digital inmage display.
Proton density (p rho) weighted image These intages show contrast related

to the number of mobile protons in the structure and require scanning para-
meters that minimise the effects of T, (long TR) and T, (short TE) to obtain
the appropriate weighting. Images usually have T,, T, and hulk flow contri-
butions, however, and are thus better termed r ims rruediatr' ( between T, and

T,) weighted.
Repetition time (TR) The time between successful excitations Of a slice (i.e.

t he time front the beginning of one RF pulse sequence to the stmt of the
next). In cardiac Bated studies this can vary depending on the heart rate of

t he patient and as such an e//e(tive repetition time is obtained.
Saturation A non-equilibrium state in which equal numbers of spins are

aligned with and against the magnetic field. This occurs immediately fol-
l owing a 90" RF pulse with the longitudinal magnetisation aligned in the

x-y (transverse) plane and thus the system is said to he saturated. A few
moments later. with some T, recovery, the system is partially saturated.
Saturation effects are used in the slice direction to minimise signal from
following blood.

Signal-to-noise ratio (SNR) The ratio of signal amplitude to the noise.
Methods of improving the SNR arc: increasing the another of signal excita-
tions (N EX) with subsequent time penalty; increasing the field of view

( FOV) with corresponding reduction in spatial resolution of the resultant

i mage, and increasing the strength of the main magnetic field used.
Spin echo (SE) The reappearance of an MR signal, after the initial signal

( FID) has disappeared following a 90" RF pulse, by the application of a
refocusing 180° RF pulse. This refocusing Pulse results in an effective
reversal of the dephasing of the spins by eliminating the elects of inhonio-
gencity in the main magnetic field.

Superparamagnetic This describes a substance (c.g. haeniosiderin. Super-
paramagnetic iron oxide liver. lymph node. and oral bowel contrast agents)
with magnetic susceptibilities 100-1000 times stronger than paramagnetic
substances. These substances produce marked shortening of the T_, relax-

ation time, producing areas of signal void.

t
T r relaxation ti me Also called the /anginulinu/ or spin-/office relaxation

i me, referring to the time taken for the spins to g i ve the energy obtained
from the initial RF pulse hack to the surrounding lattice (environment( and

return to equilibrium. T, relaxation time represents the tints required for
t he longitudinal magnetisation (M,) to increment from 0 to 63ki of its final

maximum value.
T, relaxation time This is termed tran.sverse or spin-spin relaxation time,

and is the characteristic time constant for loss of phase coherence among
spins orientated al an angle to the static main magnetic field. This time con-
stant arises from interaction between the spins (hence the term 'spin-spin').
This can he mathematically represented by the time required for file trans-

verse magnetisation (M, or M v ) to decay to about 37'/ of its maximum

value.
TE This refers to the echo time, i.e. the time between the centre of the excita-

tion pulse and the peak of the echo.

TI This refers to the inversion time and represents the tine after the middle of

t he 180" RF inverting pulse in the IR sequence to the middle of the 90"

read pulse. This time monitors the amount of longitudinal magnetisation
( M,) and cam be varied in the I R sequence. e.g. as i n STIR (short TI (or tau)

Inversion time (TI) The time front the centre of the first invention pulse
(180°) to the beginning of the second (90") excitation pulse in an IR
sequence.

K-space The .space which is filled with information Ilet- nicel rate duty matri.C)
and undergoes a Fourier transform to form the MR image. The points al the
centre of this data matrix represent low spatial frequencies (which give
gross signal levels, i.e. contrast in the MR image). Increasing the offset
from the centre corresponds to higher spatial frequencies (edge detection,
i . e. image sharpness). By manipulating K-space faster sequences can he
i mplemented as in fast ( or 1111-ho) i maging.

Larmor equation w = yB„ '['he expression of the proportional relationship
between the precessional angular frequency of a nuclear magnetic moment
( w. expressed in Hertz) and the main magnetic field (B,,, in Tesla). The gyro-
lttagnetic ratio (y) is a proportionality constant fixed for the nucleus. being
42.6 MHz/Tcsla for hydrogen. For B„ of 1.5 T w=42.6 x 1.5 = 64 MHz.

Longitudinal magnetisation (M,) The part of the macroscopic magnetisation
vector parallel to the main static magnetic field (B„). Following RF excita-
tion the M, returns to its equilibrium value (M„) as a function of the charac-
teristic tittle constant T, of the tissues excited.

Longitudinal relaxation time See T 1 .
Magic angle artefact I n joint imaging if a tendon is orientated at a certain

angle (55" ) to the static main magnetic field, the tendon appears brighter on
T 1 - and proton density (intermediate)-weighted images but normal low
signal on T,-weighted images. This artefactnal increase in signal within the
tendon is termed the

magic
angle c//sect and can he potentially confused

with pathology. This effect is due to the highly ordered structure of tendons,
which arc composed of type I Collagen. This ordered structure restricts the
motion and orientation of water protons, with consequent reduction in the
dipolar interaction and thus an increase in signal.

Magnetic moment A measure of the magnitude and direction (vector quan-
tity) of the magnetic properties of an object or particle that cause it to align
with the static main field and create its own local magnetic field.

Magnetic resonance ( MR) The absorption of emission of electromagnetic
energy by nuclei (hydro('en protons in imaging) in a static magnetic field
following excitation by a RF pulse. The resonant frequency of the RF pulse
and entitled signal is proportional to tile magnetic field (the relationship
given by the Larntor equation).

Magnetic resonance signal The electromagnetic signal produced by the pre-
cession of the transverse magnetisation of the spins. The rotation of the
transverse magnetisation induces a voltage in the receiver coil. It is this
voltage that is amplified by the receiver and forms the signal.

Magnetic susceptibility The ability Of a substance to become magnetised or to
distort a magnetic field, denoted as the Greek symbol X. This is described in
terms of diarrutgaene, paramagnetic, xuperparamugnetk and ferromagnetic
materials and refers to their respective electronic magnetic moments.

Magnetisation transfer contrast (MTC) This is a relatively new technique in
which the image contrast is Manipulated by selectively saturating a pool of
protein-hound water. It should be noted that protons in the protein-bound
water have a resonant frequency, approximately 500-2500 Hz away front
t he bulk water protons. By applying an off-resonance pulse (i.e. the centre
frequency of the pulse being 1000-2000 Hz removed front the Larntor
frequency for protons together with a wide bandwidth) these protons are
suppressed. Because the protein-bound water and the bulk water protons
are in rapid exchange, the saturation is transferred to the bulk phase of the
water protons. This leads to a reduction in the signal from hulk water. MTC
i s used in the following situations: (i) in MRA of the brain as a means of
enhancing visualisation of small peripheral vessels and aneurysms by
Suppressing the background brain tissue; (ii) in conjunction with gadolin-
i um chclate enhancement, staking the enhanced areas store conspicuous:
(iii) combined with T,-weighted images in the detection of early dentyclina-
tion or protein destruction.

Maximum intensity projection (MI P) An algorithm for producing multiple
projections from a 2D or 31) volume data set. This volume data set is
processed along selected angles in which the highest signal intensity pixel
i s projected as a 2D image. This technique is used ill MRA, whereby
flowing blood has a high signal intensity, and in MR cholangiopancrea-
t ography (MRCP) in which bile is of high signal.

MRA Magnetic resonance angiography.
NEX Number of signal excitations repeated in a given acquisition. This is a

way of increasing SNR at the expense of time.
Nuclear spin An intrinsic property of certain nuclei (i.e. those with an odd

number of neutrons and/or protons, e.g. IH, "F 2 'Na 13 C, 110) that gives
than angular ntontentunt and magnetic moment. The spins of nuclei have
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I nversion Recovery) where the TI interval is short, being at the null point
(zero signal) for fat; and FLAIR (Fluid Attenuation Inversion Recovery)
where the TI interval is very long, being at the null point for fluids (e.g. Adamis, M. K. (1996) Glossary of MR terms. In Edelman, R. E.. Hesselink,
CSF). .1. R., Zlatkin. M. B. (eds) Clinical Magnetic Resonance Imaging, 2nd edn,

Time-of-flight (TOF) angiography Also referred to as in-flow angiography. pp. 2177-2196. Philadelphia: WB Saunders.
It is used in 2D or 3D mode based on the principle of flow-related Elster, A. D., Burdetle J. H. (2001 ) Questions

am/Answers
in Magnetic

enhancement, i.e. blood flowing into a slice appearing brighter than Resonance Imaging. St Louis: Mosby.
surrounding tissue because it has not become saturated by previous RF Floyd. L. J., Williams, R. F., Stark, D. D. (1999) Glossary. In Magnetic

pulses. Resonance Imaging, 3rd edn. St Louis: Mosby.
Voxel An acronym for volume element, being a 3D region of an imaged object Hashemi, R. H., Bradley, G. W. (1997) MRI: The Basics. Bahimore Williams

represented in 2D by a pixel. & Wilkins.
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A orbit, 1578 nasopharynxlparanasal sinuses, Adrenal cortical carcinoma, 829, 835,
paracolic, 645, 682 1 494, 1527, 1528 836, 837, 878

Abdomen, acute, 663-89
parotid gland, 538 Adenoid hyperplasia, 1492 Conn's syndrome, 835, 840

aortic aneurysm leakage, 688
pelvic, 991 Adenolipoma, breast, 1462, 1463 Cushing's syndrome, 835, 839

appendicitis, 683-5 perinephric, 943-4 Adenolymphoma (Warthin's tumour), staging, 836

children, 867, 869
renal, 876, 942-3 540, 1515 Adrenal cyst, 829, 838-9, 878

calcified lesions, 689 retropharyngeal, 1497 Adenoma Adrenal gland, 825-48, 886

cholecystitis
soft tissues, 1418, 1432, 1444 adrenal cortex, 458, 830, 835, 839. anatomy, 825, 826, 827

acute, 685-6 spleen, 748-9, 758, 775-6, 882 840, 841, 842, 878 blood supply, 825-6

emphysematous, 686
subdural, 1785 i slet cells see Islet cell tumours calcification, 828-9

colitis, 679-80 subhepatic, 681-2 kidney, 442, 950, 995 childhood masses, 876-8

contrast studies, 668 subphrenic, 46, 53, 231, 681-2, liver, 443-4, 757-8. 761, 770, 782, enlargement in infants, 826

gynaecological disorders, 688
738-40 879 i maging investigations, 827-33

intestinal obstruction, 668
tubo-ovarian, 1079. 1093 oesophagus, 563 radionuclide imaging. 830-3

l arge bowel, 675, 676-8
Acalculous cholccystitis, 715, 723, 881 paranasal sinuses, 1524 i nfections, 826

small bowel, 670-5
Acceleration index (AI), 463 parathyroid, 68. 69, 458, 1507, needle biopsy. 830,831

intra-abdominal abscess, 681-3 Acceleration time (AT), 463 1 508, 1509, 1510, 1515 pathology, 826-7

i ntramural gas, 687-8 Accessory breast tissue, 1454 pituitary, 495, 660. 839-40. 1637, Adrenal haemorrhage, 826, 838-9

i ntraperitoneal fluid, 680-1 Accessory diaphragm, 52 1 749-52 neonate, 876-7

pancreatitis, 686-7 Accessory foot bones, 1114 small bowel, 625 Adrenal hyperplasia, 826

plain films, 663 Accessory nipples, 1454 thyroid, 62, 64, 1510, 1512-13 congenital, 939,878

abdomen, 664-8 Accessory renal vessels, 933 Adenomatous polyps Conn's syndrome, 840

chest, 663-4 Accessory soleus muscle, 1417 adenoma-carcinoma sequence, Cushing's syndrome, 839

pneumoperitoneum, 663, 664, 665-8
Accessory spleen, 747, 775 640-1 Adrenal lipoma, 829-30, 836, 838

renal colic. 688 Acetabular fracture, 1402-3 duodenum, 588, 589 Adrenal medulla, 825

Abdominal circumference, 1042, 1046
Achalasia, 76, 552 3, 866 l arge bowel, 637, 638, 1540 hormones. 825

Abdominal cysts, paediatric, 867, 868
secondary (pseudoachaIasia), 553-4 small bowel, 625, 626 radionuclide imaging, 832

Abdominal disorders in childhood see Achilles tendon stomach, 587-8. 589. 591 Adrenal myelolipoma, 836, 838

Paediatric abdomen calcification, 1437 Adenomyosis (endometriosis interna), Adrenal phlebography, 825

Abdominal lymph nodes, 512-13 injury, 1413 1 075-6, 1077, 1089, 1096-7 Adrenal pseudocyst, 838

Abdominal trauma, 691-708 Achondrogcncsis, 1062, 1149 Adenovirus, 72. 172 Adrenal rests, scrotal extratesticular,

i maging, 691-2 Achondroplasia, 1062, 1138-40, 1141, pneumonia, 135, 137, 259 1 026

Abdominal vessels 1 664 Adhesions Adrenal tumours, 826, 827, 828-9

Doppler ultrasound, 468-9 Acoustic artery, 1689, 1690 i ntrauterine, 1087, 1088 calcification, 829

magnetic resonance angiography, Acoustic neuroma, 1597, 1611, 1612, small bowel obstruction, 618, 670, embolisation, 458

479-80 1 613, 1638, 1758, 1759 671 metastatic, 835-6, 837, 838

phlebography, 489-97 Acquired immune deficiency syndrome Adnexal cyst, 1078-9, 1084, 1091 venous sampling, 495

Abdominal wall defects, 864, 1058-9 see AIDS/HIV infection Adnexal mass, 1078-81, 1091-2, Adrenal vein phlehography, 495. 829

associated abnormalities, 857-8, Acro-osteolysis (Hajdu-Chency 1102-3 Adrenocorticotrophic hormone.

1 059 syndrome), 1124 benign/malignant features, 1083-4 Cushing's syndrome, 839-40

Aberrant carotid artery, 1599, 1605, Acrocephaly, 1624 Adnexal torsion. 884 Adrenogenital syndrome, 826. 839

1 606 Acromegaly, 976, 977, 1360, 1361, Adolescent kyphosis (Scheuermann's Adrenoleucodystrophy, 1801-2

Abetalipoproteinaemia, 629 1 362, 1538, 1640, 1664 disease), 1188 Adriamycin-induced cardiomyopathy,

Abscess Acromioclavicularjoint dislocation, Adrenal abscess, neonate, 877 90

adrenal, neonate, 877 1 406 Adrenal arteriography. 825 Adult respiratory distress syndrome. 43,

appendix, 673, 683 Acrylate glue embolic agents, 456, Adrenal calcifying fibrous 1 39, 175, 210, 220, 230, 242-4

breast, 1475, 1479 1 710 pscudotumour, 828-9, 838 Aerocele, 1642

Brodie's, 1159-60 Ae inonwces, 1 45, 627, 1659 Adrenal cortex, 825 post-trauma(ic, 1783

cerebral, 1520, 1783-4, 1790 Actinomycosis, 49, 72, 145, 146, 558, hormones, 825 Aesthesioneuroblastoma (nasal

dental, 1532 652, 1 174, 1523, 1786 radionuclide imaging, 831 glioma), 1766

epidural, 1785 Adactyly, 1 107 Adrenal cortical adenoma, 830, 835, Afferent loop syndrome, post-gastric

i ntra-abdominal, 681-3 Adamantinoma of long bone, 1291-2 878 surgery, 607-8

liver, 715, 740, 742, 758, 771, 785, Addison's disease, 826, 828, 1438, Conn's syndrome, 835, 840, 841, Agammaglohulinaemia, 163

880 1 439 842 Age-related macular degeneration,

l ung, 19, 20, 22, 23, 72, 95, 138, Adenoid cystic carcinoma Cushing's syndrome, 835, 839 1 556

1 39 i ntrathoracic. 122, 124 hormone secretion. 835. 839 Agyria (lissencephaly). 1634, 1734
l acrimal gland, 1592-3 therapeutic emholisation, 458 AIDSlHIV infection, 153-60

I i



AIDS/HIV infection -contcl Alveolar cell carcinoma poststenotic, 429 Angiomatous (arteriovenous)

biliary strictures, 729 (bronchiolarlbronchioloalveolar subclavian stenosis, 433 malformation, 412, 437, 438,

central nervous system infections, carcinoma), 107, 117, 119 rctro-orbital, skull erosion, 1639 439
1 786, 1787, 1788, 1793-4 Alveolar disease, acute. 35, 36 traumatic, 425-6, 427 capillary telangiectasia, 1697, 1773

children Alveolar microlithiasis, 24-5. 213, 214 Aneurysmal bone cyst, 49. 1293, carotid angiography, 1678, 1679,

diffuse infiltrative lymphocytosis Alveolar process of jaw, 1531 1 295-6,1297 1 680
syndrome (DILS), 882 Alveolar protcinosis (pulmonary jaws, 1544. 1545 cavernous, 1697, 1773. 1775, 1805

intrahepatic cholangiopalhy, 722 alveolar protcinosis), 35, 180, Angelchik prosthesis. 562 embolisation, 458. 1683. 1710,

pneumonia, 260 212,213,262,263 Angina, 295 1 711, 1714-15, 1719, 1720

colorectal disease. 652-3 Alveoli, 9 stable, 295-6 heart, 337

duodenitis, 586 Alzheimer's disease, 999, 1796 Angiodysplasia, 441 high-output cardiac failure, 401

fungal infections, 157, 772, 948, regional cerebral blood flow Angiography, 41 1-46 i ntracerebral, 1694-7, 1710, 1711.

1 786, 1787, 1793 i maging, 1813-14 adrenal mass imaging. 829 1 714-15. 1772-4, 1820

Kaposi's sarcoma, 121-2, 158, 599, Ambiguous genitalia, 1021, 1022 aneurysms, 423-9 angiography, 1677. 1695-6

626, 644, 652, 821 Amelia, 1 107 angiomatous malformations. 437, calcification, 1631-2

l ung cancer, 159-60 Ameloblastoma, 1545-6 438,439 clinical presentation. 1694-5

l ymphocytic interstitial pneumonia Amino acidurias, 1354, 1802-3 aortic dissection, 428 computed tomography (CT),

( LIP). 121, 158-9 Amiodaronchepatotoxicity, 756 arteriovenous fistula, 439-40 1 772-3

l ymphomas, 159, 160, 625, 652, 821 Ammonia inhalation, 195 arteritis, 435-6 epilepsy, 1805, 1807

CNS, 1753-4 Amniocentesis, 1048, 1050 bladder, 906 i ntracranial haematoma, 1695,
mediastinal lymphadenopathy, 70, Amniotic fluid volume, 1059 hone tumours, 1250 1 767

72 Amoehiasis, 150 cardiac imaging, 279-81. 282. 320 subarachnoid haemorrhage, 1769

mycobacterial infection, 156-7 biliary tract, 731 aortic coarctation, 380-1, 382 vein of Gal en aneurysm, 1697
tuberculosis, 140, 141 brain, 1790 atrioventricular septal detect, kidney, 949

non-specific pneumonitis, 159 colitis, 652 390-I l i ver, children, 880

ocsophagilis, 558, 559 l i ver abscess, 740, 742. 758, 771 congenital cardiac disease, 363, magnetic resonance angiography,
pancreatic changes, 820-1 l ung abscess, 23 364 479
parotid enlargement, 539 Amplatz catheter, 280, 350, 456 i ntcrventional procedures. 281 magnetic resonance imaging (MRI),
protease inhibitor crystals, urinary Amplatzer device, 376, 378 paediatric, 280 1 773-4

tract obstruction, 967 Ampulla of Vater, 711 patent ductus artcriosus, 377 pulmonary, 22. 46, 47, 401-2
pulmonary infections, 153-7 Ampullary carcinoma, 732, 733, 794, pulmonary stenosis. 379 selective external carotid
small bowel infections, 628 803 tetralogy of Fallot, 384 angiography, 1683

splenic lesions, 776 Amyloidosis, 976, 1161, 1339, 1767 total anomalous pulmonary skull vault vascular marking
toxoplasmosis, 157, 1788, 1789 dialysis-related, joint lesions, 1311, venous connection, 397 abnormalities, 1635. 1636

Ainhum (dactylosis spontanea), 1 177 1 312, 1313 transposition of great arteries, small bowel, 630
Air block phenomena/pulmonary diffuse lung disease, 210-12 387-8 spine, 1669, 1670, 1697. 1719, 1720

i nterstitial emphysema, 257 gastrointestinal involvement, 580-1, congenital lesions, 423 upper gastrointestinal haemorrhage.
Air bronchogram, 14-16, 17, 35 629 contrast media, 927 440

causes, 16 i nediastinal lymph node calcification, direct intra-arterial carotidlcerebral uterus, 1092
l ung collapse, 175, 176 70,72 vessel imaging, 1676-7 venous angioma, 1697, 1774
l ung consolidation, 182, 183 primary/secondary, 210-11 complications, 1677-8 Angiomalous polyp, paranasal sinuses,

Air embolus, angiography restrictive card iomyopathy, 299,325 embolus, 436-7, 439 1 525-6

complication, 422 tracheal involvement, 162, 211-12 erectile dysfunction, 906, 1035, 1036 Angiomyolipoma, 876
Air enema, 647, 850, 873 Anal canal, 635 haemorrhage, 441 kidney, 949, 952-3, 963

Air swallowing, 664, 665, 668, 669, tumours, 655 historical aspects, 411 angiography, 442
688 Anal endosonography, 637, 655 i ndications, 422-3 haemorrhage, 953

Airway disease, 161-86 Anal incontinence, 654-5 i ndirect phlehography, 483 Angiomyoliposis, liver, 771
Alagille's syndrome (arteriohepatic Anal sphincter. 635 i nterventional see Endovascular Angiosarcoma

dysplasia), 720 l esions, 654-5 neuroradiological procedures; bone, 1300
Albers-Schonberg disease see Analgesic nephropathy, 977, 978 Interventional angiographic heart, 337, 338

Osteopetrosis Anaphylactoid contrast media techniques liver, 772
Albright's syndrome see reactions, 429, 927, 1086 islet cell tumours, 787,795 Angioscopy

Pscudohypoparathyroidism emergency treatment, 421, 927 liver disease. 742-6 angioplasty success assessment. 449
Alcohol intake, 564, 790, 791, 816, gadolinium-based MR contrast massesltumours, 442-6 arterial imaging, 412

840 agents, 481 neuroradiological techniques, Aniridia, 874
chronic pancreatitis, 817, 819 Ancylosto,na eluodenale, 627 1 673-7 Anisakiasis, 627, 652

osteoporosis, 1366 Androgen-secreting tumours, 835 paediatric chest, 248 Ankle joint
Alcoholic hepatitis, 766 Anencephaly, 1050-I petrous temporal hone, 1599 congenital anomalies, 1114-17
Alexander's disease, 1728, 1802 Aneurysm, 412, 423-9 prostate, 906 hall and socket joint, 1116
Algodystrophy see Regional pain aortic see Aortic aneurysm pulmonary, 46-7 i maging, 1240-3

syndrome carotid space, 1501, 1502 pulmonary embolism, 343 i njuries, 1413-14
Alkaptonuria (ochronosis), 50, 1366, congenital, 423-4 renal, 906 classification, 1413

1 367, 1438 degenerative, 424-5 renal artery stenosis. 965 Ankylosing spondylitis, 50, 1216,
Allen test, 357 dissection spinal, 1648 1 218-21
Allergic angiitis and granulomatosis i nternal carotid artery, 1704 stenoses/thromboses, 429-33 genetic aspects, 1218-19

(ChumStrauss syndrome), see also Aortic dissection subclavian stenosis, 433 juvenile, 1215

200.202 embolisation, 458, 459 trauma, 435. 436 peripheral joint changes, 1220-1
Allergic bronchopulmonary endovascular repair, 452 abdomen, 692 pulmonary involvement, 199,201

aspergillosis, 148-9, 150. 174 i maging techniques, 425 liver, 697-8 sacroiliac joint changes, 1219
Allergic contrast media reactions see i nfective, 424 major blood vessels, 708 senile (diffuse idiopathic skeletal

Anaphylactoid contrast media i ntracranial spleen, 694 hyperostosis; Forestier's
reactions angiography. 1690-4 urogenitaltract. 703 disease), 1221-2

AIphaU luantitrypsin deficiency, 168, calcification, 1631. 1632 uterine arteries, 1092 spinal changes, 1220. 1221, 1654.
240, 720, 722 l eft ventricular, 321, 322 see also Arterial imaging 1 655, 1671

Alport's syndrome, 554, 977 mycotic, 1787. 1788 Angioma see Angiomatous Ankv)ostonui, 1 50
Aluminium toxicity, 1353, 1365 necrotising vasculitis, 428 malformation Annular pancreas, 604,605,790



Anomalous first rib, 432 Aortic bifurcation, percutaneous see also Arch aortography Arterial stcnts. 451
Anomalous left subclavian artery, 269 transluminal angioplasty, 448 Aortopulmonary window, 61, 81, 5 1 1 Arterial thrombosis, 429, 436
Anomalous origin of left pulmonary Aortic body tumour, 446 Apcrt's syndrome, 1060, 1109, 1624, angiography complication. 421

artery (pulmonary artery sling), Aortic coarctation. 73, 74. 83. 368, 1 625 aorta (Leriche's syndrome), 417.
400-1 370, 380-I, 423, 424, 426 Aphthous ulceration. Crohn's disease, 429-30,431

Anomalous pulmonary venous i maging. 380-I, 382 648,649 Arterial trauma, 435, 436
connection. 395-7 magnetic resonance angiography. Apical cyst, 1542. 1543 fracture-related. 1381-2

partial, 395 477.478 Appendicitis, 652, 683-5 Arterial wall damage
total. 395-7 i mpressions on thoracic oesophagus, children, 867, 868. 869 angiography, 421, 428

Anomalous right suhctavian artery, 573 computed tomography (CT). 684-5 t ransluminal angioplasty
269. 272, 290, 399, 573, 1687 i nterventional cardiac l ocalised ileus (sentinel loop), 621 complication (suhintinal

Anorectal atresia, 861, 862 catheterisation. 364 peritoneal abscess, 633 dissection), 449
Anorectal malformations, 859, 861-2. poststenotic aneurysms, 429 signs. 683 Arteriohepatic dysplasia (Alagille's

863 rib notching, 48, 290 ultrasound, 683-4 syndrome), 720
Anorexia nervosa, ovulation disorders, treatment, 381. 382 Appendix abscess, 673. 683 Arlerioportography. 483, 501, 502

1 073 balloon valvuloplasty, 382 APUD (amine precursor uptake and Arteriovenous fistula, 439-40
Antegradc pyelography, 900, 901 surgical repair, 228, 364 decarhoxylation) system, 794 congenital, 440
Antegrade ureteric stenting. 900, 902, ventricular septal defect association, Apudomas. somatrstatin receptor dural (dural artcriovenous

903 371-81 scintigraphy, 660 malformation), 1698-9. 1774
Anterior cerebral artery, 1681, 1688 Aortic dissection, 58, 62, 63, 73-4, 83, Aqueductal stenosis, 1054, 1728, 1729 high-output cardiac failure, 440
Anterior choroidal artery, 1680 309-10, 327, 426 Aqueous humour, 1552 iatrogenic, 440, 449
Anterior fontanel. 1624 chest trauma. 2 2' "3 22 4 Arachnodactyly see Marfan's intracranial, 1772-4
Anterior inferior cerebellar arteries. De Blakey classification, 309-10, syndrome angiography, 1678, 1697-700

1 685 426.427 Arachnoid cyst. 1639, 1728. 1730. 1731 orbit, 1568-9
Anterior spinal artery, 1650. 1651 definition. 310 i nfant/neonate, 1809. 1810 peripheral artery bypass grafts. 467
Antheor filter, 453 i maging, 427-8 spine. 1670-1 renal trauma, Doppler examination,
Anthracycline cardiotoxicity, 403 CT angiography, 412, 414 Arachnoiditis, 1671 471
Anticoagulant excess, 88 Doppler ultrasound. 472 Arhoriform pulmonary ossification spine, 1669, 1671)
Antiplalelet drug therapy, 447-8 magnetic resonance angiography, (idiopathic pulmonary steal insertion, 451
Antithronihin III deficiency. 436 415, 475. 476, 477 ossification), 214 therapeutic embolisation, 458, 459
Antral diaphragm. 603-4 Stanford classification. 310 Arch aortography. 1677 see also Angiomatous malformation
Antral web, 853 thoracic aorta. 338, 339-41, 475, aortic arch traumatic aneurysm, Arteritis, 435-6
Antrochoanal polyp, 1492 476,477 425-6 arterial stenoses, 429
Anus, 654-5 chronic, 340-1 complications. 1678 Artery of Adamkiewicz, 1651
Aorta, 265, 266, 267, 268, 272, 309, type A/type B, 73, 74, 339 ArmilliJerormillonrs, 1 51, 1438 Arthritis, childhood disorders, 1213-15

365 Aortic false aneurysm. 63 Arnold-Chiari malformation. 1053 Arlhrography, 1235
abdominal, magnetic resonance Aortic hypoplasia, 423 Arrhenoblastoma (ovarian Sertoli ccl ankle joint, 1240-I

angiography, 479 Aortic penetrating ulcer, 74 tumour), 1082 congenital hip dysplasia (congenital
i mpressions on thoracic oesophagus, Aortic pseudocoarctation. 74. 423 Arrhythmogenic right ventricular dislocation). I I I I - 13

572 Aortic regurgitation, 300. 301, 327 dysplasia. 323. 324. 403 elbow joint, 1243-4
l esion terminology, 310 ventricular septal defect. 374 Arterial calcification, 412. 1435, 1473 i ntcrcarpal ligament disruption, 1410
selective catheterisation, 418 Aortic root, 309 Arterial congenital anomalies, 423 knee. 1235. 1236
t horacic, 57. 60. 61, 83. 309 Aortic rupture Arterial embolism. 436-7. 439 Perlhes' disease (osteochondritis of

contrast-enhanced magnetic definition, 310 transluminal angioplasty femoral capital epiphisis),
resonance angiography thoracic aorta. 338. 341, 342 complication. 449 1183-4. 1185. 1 186
(CE-MRA). 476-7 traumatic (traumatic transection), Arterial extrinsic obstruction, 429 rheumatoid arthritis. 1207-8

pathology, 312,338-42 222, 224, 310-1 1 Arterial graft surveillance, 412 shoulder joint, 1237-8
wall structure, 309 Aortic sarcoma. radiation-induced. 236 Arterial imaging, 41 122 wrist joint. 1244

Aortic aneurysm, 50, 58, 83, 664, 1840 Aortic stenosis, 300, 326-7, 370, angioscopy, 412 Arthrogryposis multiplex congenita,
abdominal, 412, 414, 415. 416, 424, 381-2.426 computed tomography (CT), 1 434

472 balloon dilatation. 360-I 412-13,417 Arthroscopy, 1235
ureteric displacement, 980 quantitation by continuous wave contrast arteriography, 418 Asbestos exposure, 17. 107. 633

definition. 310 Doppler, 326-7 complications, 421-2 associated malignant disease. 192
endovascular repair. 452. 453 scent insertion, 451 percutaneous catheterisation see l ung cancer, 192
i maging. 425 subaortic, 381 Percutaneous arterial malignant mesothelioma, 102-3. 192

CT angiography, 412, 413, 414 supravalvular, 381 catheterisation pleural of I usions. 194
magnetic resonance angiography, Aortic thrombosis (Leriche's pharmacoangiography. 421 pleural plaqueslcalcificationlfibrosis,

415. 416. 475, 476,477 syndrome). 417. 429-30. 431 digital substraction angiography 98, 100, 101. 102, 193-4. 196
plain chest filth. lateral view. 13 Aortic trauma, 31 1. 707 ( DSA), 415-16 pulmonary fibrosis. 194

l eakage. acute abdomen. 688 traumatic transection, 222, 224, i ndications, 422-3 Asbestos lihre subtypes. 192
oesophageal displacement. 573 310-11 magnetic resonance angiography, Asbestos-related pleural disease, 35
t horacic, 72-4, 338, 341. 412, 414, Aortic valve, 265, 266, 268, 270, 271. 472-81 Asbestosis, 34, 35, 187, 192-4

415, 416. 424. 425. 475, 476, 309 magnetic resonance imaging (MRI). asbestos fibre subtype relationship,
477 acquired disease. 300. 301 413, 415, 416, 417. 418 1 92

atheromatous disease, 312 l eft ventricular angiography, 348 plain films, 411-12 Caplan's syndrome, 198
Marfan's syndrome, 3 12. 313 Aortitis radionuclide imaging, 412 A.ecaris (roundworm). 627. 715
mycotic, 314 syphilitic, 313 selective/superselective biliary tract infection, 730
syphilitic aortilis, 313 Takayasu's, 314 catheterisation, 418 brain infection, 1791

Aortic annular' ectasia, 327 Aortocaval fistula, 440, 441 ultrasound, 4114I7.418 Loeffler's syndrome, 150
Aortic arch, 268, 309, 1687 Aortoduodenal fistula, 602 Doppler, 460-72 Ascinic sinonasal carcinoma, 1527

traumatic aneurysm. 425, 427 Aortography, 280, 354, 355, 356, 411 venous angiography, 412 Ascites, 633, 680
imaging, 425-6 adrenal mass imaging, 829 Arterial spasm, peripheral. 435 acute pancreatitis. 817

Aortic arch anomalies. 367, 380, 399, aortic rupture, 224 transluminal angioplasty obstetric ultrasound, 1058
400, 407-10. 1687-8 chest trauma, 217 complication, 449, 454 pancreatic malignancy. 788

Aortic atresia (hypoplastic left heart complications. 422 Arterial stenosis, 412, 429-33 transjugular intrahepatic
syndrome), 368, 394-5 contrast media dosage, 420 congenital, 429 port osystemic shunt (TIPS), 453



Aseptic necrosis see Osteonecrosis Atlanto-axial subluxation/dislocation, Bankart lesion, 1405 Beckwith-Wiedemann syndrome, 792,

Ashcrman's syndrome, 1088, 1089 1 432. 1656-8 Banti syndrome, 747 874, 878, 881, 930, 1059

Aspergilloma (Aspergillus mycetoma), Atlanto-occipital assimilation, 1653, Barium aspiration, paediatric patient, Behget's disease, 325, 630, 1216,

23,24,147-8 1 654 849,850 1 668, 1794

Aspergillosis, 25, 147-9, 157, 158, 166 Atlas, Jefferson burst fracture, 1397-8 Barium enema, 636 Benign lymphoepithelial lesion

allergic bronchopulmonary, 148-9, Atrial baffle operation, 388 colorectal cancer, 641-2 (myoepithelial sialadenitis;

1 50 Atrial myxoma, 308-9, 336, 337, 338 screening, 644 Mikulicz's disease), 539

central nervous system, 1786, 1788, peripheral microaneurysms, 428 colorectal polyps, 639-40 Benign papillary stenosis, 733

1 793 Atrial septal defect, 47, 368, 374-6 colostomy enema, 637 Benign peritoneal mesothelioma, 1081

invasive, 148, 149, 150, 153 cardiac catheterisationlangiography, Crohn's disease, 648-9, 650 Benign prostatic hyperplasia, 993,

paranasal sinuses, 1522-3 375 diverticular disease, 645 1 004-5

ureteric inflammation, 979 clinical presentation, 374-5 i nstant enema, 636, 648 Bennet fracture, 1410

Aspergillus, 1 42, 199, 294, 880, 882 l eft-to-right shunt, 369 i ntussusception reduction, 873 Berry aneurysm, congenital, 423, 424

Aspergillus flavus, 1 522 non-invasive diagnosis, 375 ovarian carcinoma, 1085, 1086 Berylliosis, 194, 196

Aspergillus fumigates, 1 47, 148, 157, ostium primum see Atrioventricular paediatric examination, 850 Beuford complex, 1407

204, 1522 septal defect procedure, 636 Bezoars, 607,608-9

Asphyxiating thoracic dystrophy ostium secundum, 374 ulcerative colitis, 647-8, 650 gastric in children, 866

(Jeune's disease), 1109, 1142, treatment, 375 Barium follow-through, 615-16 small bowel obstruction, 674

1 1 44 transcatheter occlusion, 375-6 compression paddle, 616 Biceps long head damage, 1237, 1240

Aspiration, 138-9, 153, 195, 544 Atria] switch operation, 389 enteroclysis comparison, 617 Bicornuate uterus. 1075, 1087, 1094

barium swallow examination, 544-5, Atrioventricular septal defect, 368, 390 procedure, 616 Bicuspid aortic valve, 300, 326, 327,

547 i maging, 390-I Barium laryngogram, 1489 363, 380, 382, 426

l ung consolidation, 180 non-invasive diagnosis, 375 Barium meal Bilateral superior vena cava, 402

paediatric contrast use, 849, 850 treatment, 390 duodenitis, 586 Bile duct disorders, 725-35

swallowing modification, 547-8 Atypical mycobacterial infection, 157 duodenum anatomy, 577-8 biliary drainagelstenting indications,

Aspiration pneumonialpncumonitis, Atypical pneumonias, 135-8 gastric surgery complications, 607 733-4

77, 227, 230 Augmentation/substitution cystoplasty, paediatric abdomen, 850 spontaneous perforation, 722

achalasia-related risk, 552 1000, 1001 pancreas examination, 788-9 Bile duct stones, 725-7. 816

Aspiration thrombectomy, 456 Auricular vein, 1682 peptic ulceration, 581-2 endoscopic interventions, 733

Asplenia (Ivermark's syndrome), 749, Autoimmune adrenal gland atrophy, 828 benign gastric ulcers, 581-2 Bile duct stricture

882 Automatic implantable cardiac biphasic examination, 581-2 benign

bronchial tree abnormalities, 250 defibrillators, 294 duodenal ulcers, 583-4 balloon dilatation, 733

Assisted conception, 1084 Autonomic neuropathy, oesophageal procedurelfilming sequence, 575-6 biliary drainagelstenting, 734

Asteroid hyalosis, 1558 motility disorders, 552 stomach anatomy, 576-7 malignant, endoscopic interventions,

Asthma, 19, 28, 79, 165-6 Avascular necrosis see Osteonecrosis Barium peritonitis, 636 733

children, 260 Avulsion fractures, 1377, 1378 Barium studies Bile duct tumours, 722, 731-2

definition, 165 sites, 1379 Bochdalek's hernia, 78 endoscopic interventions, 733

extrinsic (atopic), 166 Axial osteomalacia, 1356 oesophageal duplication cyst, 78 Bile ducts

i ntrinsic, 166 Axillary artery catheterisation, 418 paediatric abdomen, 849 angiographic interventions, 735

mucoid impaction, 174 brachial plexus damage. 422 Barium swallow biliary tree gas, 714

pulmonary eosinophilia, 204 Axillary artery stenosis, 449 congenital cardiac disease, 405 endoscopic interventions, 733-5

Astrocytic tumours, 1739 Axillary lymph nodes, 513, 1463 oesophageal lesions, 77 extrahepatic, 711

Astrocytoma, 1739 metastates, 1475 tears, 571 i ntrahepatic, 711

anaplastic, 1743 Axillary lymphadenopathy, 1467-8 varices, 571 Bile leak

diffuse, 1743 Azygo-oesophageal recess, 61 webs, 548-9 post-liver transplantation, 774

pilocytic, 1739-42 Azygos fissure, 7, 32 oesophageal motility assessment, 549 post-liver trauma, 728, 729

cerebellar, 1739, 1740 Azygos vein, 5, 60, 61 paediatric imaging, 247 scintigraphy, 718

pontine, 1742 dilated, 74 pancreatic tumours, 788 Bile, limy, 713

spine, 1649, 1666-7 Azzopardi tumour, 1033 pharyngeal motilitylswallowing Biliary atresia, 720, 760, 879

subependymal giant cell, 1742-3 disorders, 544 Biliary colic, 686

Ataxia telangiectasia, 1738 aspiration risk, 544-5, 547 Biliary cystadenocarcinoma, 732

Atelectasis, 220, 227, 228, 230 examination technique, 544-5 Biliary cystadenoma, 732, 769

Atheroma removing devices, 450 interpretation, 545-8 Biliary dilatation, 733

Atheromatous disease, 422 B-cell lymphomas, 523 pharynx/larynx examination, 1489, Biliary drainagelstenting, 733-4

aortic displacement of oesophagus, Bacterial pneumonia, 17, 131-5 1 490 stent types, 734

573 opportunistic infections, 153, 156 respiratory disease, 2 metallic, 734, 735

arterial calcification, 412, 1435 pleural effusion, 87 Barrel chest, 169 Biliary hypoplasia, 720

carotid arteries, 1632, 1633 Bacteroides, 1 783, 1784 Barrett's oesophagus, 554, 557, 558 Biliary obstruction

coronary arteries, 320 Bagassosis, 195 adenomas, 563 cholangiocarcinoma, 732

arterial embolism, 437 Baker's cyst, 1208, 1211, 1225, 1235, oesophageal adenocarcinoma risk, computed tomography (CT), 717

arterial stenoses, 429-30 1 236, 1383 565 hepatic metastases, 734

Doppler ultrasound measurement, rupture, 1239 Barton's fracture, 1408 liver transplantation complication,

463 Ball and socket ankle joint, 1116 Barytosis, 195 774-5

coeliac/superior mesenteric stenosis, Balloon angioplasty Basal ganglia calcification, 1361, pancreatic tumours, 813

431 cerebral vasospasm, 1709 1 623, 1633-4, 1798-9 scintigraphy, 718

coronary heart disease, 295, 320, intracranial arteriosclerotic disease, Basilar artery, 1685 ultrasound, 716-17, 813

354 1710 size variation, 1689 Biliary strictures

degenerative aneurysms, 424-5 Balloon dilatation of pelviureteric Basilar impression. 1625-6 AIDS-related cholangiopathy, 729

internal carotid artery junction obstruction, 904 Basilar invagination, 1625, 1653 benign postsurgical, 727-8

stenosis/thrombosis, 1700-5 Balloon embolic devices, 1710 Bathrocephalic skull, 1624 children, 722

intracranial vessel Balloon valvuloplasty, 281 Batten's disease (neuronal ceroid chronic pancreatitis, 729-30

angioplasty/stenting, 1710 Balloon-expandable stents lipofuscinosis), 1802 liver trauma, 728, 729

mesenteric ischaemia, 630 arterial, 451 Battered child, 1126, 1384-5, 1811 malignant, 732

Raynaud's phenomenon, 433 biliary drainage/stenting, 734 Beaded peripheral arterial spasm, 435 post-liver trauma. 728

renal artery stenosis, 480, 964 Bands, congenital (Streeter's bands), Bechterew's disease see Ankylosing primary sclerosing cholangitis,

Athletes, ovulation disorders, 1073 1107, 1177 spondylitis 728-9



Biliary tract, 711-35 l ymphoma, 997 cartilage-forming, 1269, 1272-85 complex sclerosing lesion (radial
abdominal plain film, 712-14 magnetic resonance imaging (MRI), classification, 1247, 1248 scar), 1461
anatomy, 711-12 1 008-11 diagnostic principles. 1248-9 fat necrosis, 1457, 1473, 1474
blood supply, 711 rhabdomyosarcoma, 997 epithelial, 1306 i mage-guided practical procedures,
childhood disorders, 720-2 TNM staging, 1008 fatty tissue, 1303-4 1 478-82
computed tomography (CT), 717 total cystectomy with urinary fibrous, 1287-92 preoperative localisation of non-
developmental anomalies, 711-12, diversion/neobladder giant cell-containing, 1292-6 palpable lesions, 1482

720 construction, 999-1000, 1001 i maging investigations, 1248-9 magnetic resonance imaging (MRI),
embryonal cell sarcoma, 879 postintervention imaging angiography, 1250 1 476-8
embryonal rhabdomyosarcoma, 879 appearances, 1002-3 computed tomography (CT), mammography, 1451-5. 1475
endoscopic retrograde urachal carcinoma, 997 1 249-50 microcalcifications, 1458, 1461,

cholangiopancreatography urothelial carcinoma, 995-6 magnetic resonance imaging 1 468-74
(ERCP), 719 Bladder diverticulum, 921, 993-4 ( MRI). 1250-1 differential diagnosis, 1472-3

gas, 673, 674 congenital, 990 plain fihns, 1249 ductal, 1469-70
i ntravenous cholangiography, 719 Bladder duplication, 989 radionuclide imaging, 1248, 1249 lobular, 1470-2
magnetic resonance cholangiography Bladder extrophy, 989 tomography, 1249 management, 1473

( MRC), 717 Bladder outflow obstruction, 921, 993, l ymphoma, 526 outside glandular tissue, 1473-4
operative cholangiography, 719-20 1 004 metastatic, 50, 113, 125, 1248, normal variants. 1454
oral cholecystography, 718-19 Blalock shunt, 384, 385, 386 1 251-3 oedematous. 1474-5
parasitic infection, 730-I Blalock-Taussig shunt placement, 228, nerve tissue, 1300-3 plain chest film appearances, I I
percutaneous cholangiography 229 notochord, 1305-6 skin lesions, 1468

(PTC), 719 Blastomyces, 1 46, 1659 primary tumour preoperative spiculate mass. 1458-60, 1476
radionuclide imaging, 7 17-18, 760 Blastomycosis, 25, 72, 146, 627, 1786 embolisation, 458 surgical scar, 1460, 1461
trauma, 698-9 Blighted ovum, 1045 sites, 1249 trauma, 1462, 1463

complications, 699 Blount's disease (tibia vara), 1189, skull erosion, 1636-7 ultrasound, 1455-8, 1475
ultrasound, 714-17 1 358 Bony metaplasia of lung (idiopathic i ndications, 1455-6

Binswanger's disease (subcortical ` Blue bloaters', 171 pulmonary ossification), 214 Breast abscess, 1475
arteriosclerotic Blue rubber bleb naevus syndrome, Borrelia burgdorferi, 1 788 ultrasound-guided aspiration, 1479
encephalopathy), 1803, 1815 630 Bourneville's disease see Tuberous Breast adenosis, 1471

Biophysical profile, 1047 Boari bladder flap, 1000, 1001, 1003 sclerosis sclerosing, 1471, 1472
Biparietal diameter, 1041-2 Bochdalek's hernia, 53, 77, 78, 560, Boutonniere deformity, 1203, 1204 Breast cancer screening, 1483-6
Bipartite patella, 1114, 1411 562 Bowel trauma, 705-7 effectiveness, 1483
Birth asphyxia, cardiac manifestations, neonate, 254 Boxer's fracture, 1411 i nterval cancers. 1484

370 Boerhaave's syndrome, 79, 224, 571 Brachial artery organisational aspects. 1483-4
Bismuth poisoning, 1368 Bone catheterisation, 357, 418 quality assurance, 1484, 1485
Bite wounds, osteomyelitis biopsy, 1159 congenital anomalies, 423 recent UK results, 1486

complicating, 1161 blood supply, 1155 stenosis. transluminal angioplasty, research studies
Bladder, 989-1004 bruise injury, 1374, 1419 449 age trials, 1484

anatomy, 888-9 density measurement, 1351-2 Brachial plexus, 1418, 1512 one-view vs. two-view
benign tumours, 995 invasionldestruction by extraosseous angiography-related injury, 422 mammography, 1485
blood supply, 889 primary malignant tumours, i maging, 1644 screening frequency, 1485
calculi, 997, 998 1 253-4 Brachicephalic skull, 1624 Breast carcinoma
computed tomography (CT), 910 Bone cyst Brachydactyly, 1107 architectural distortion (stellate
congenital lesions, 989-90 aneurysmal, 1293, 1295-6, 1297 Brachymesophalangy, 1107 l esion), 1461-2
extrinsic compressionldisplacement, jaws, 1544, 1545 Brain damage asymmetrical soft-tissue density,

1 003-4 solitary (unicameral), 1312-14, arteriography-related, 422 1 462, 1463
fistulas into gastrointestinal tract, 1 315, 1316 diffuse, 1780 cicumscribed mass, 1464, 1465-6

994-5 Bone dysplasias, 1122-49 brain swelling, 1781 management, 1466-7
herniation, 994 jawlteeth involvement, 1539-40 diffuse axonal injury (white matter ductal carcinoma in situ, 1469-70,
inflammatory lesions, 991-3 obstetric ultrasound, 1061-2 shearing), 1780-1 1 471, 1477
magnetic resonance imaging (MRI), focal abnormalities, 1062 hypoxic, 1781 follow-up, 1478

911, 912, 1007-8 petrous temporal hone involvement, multiple petechial haemorrhages, interval cancers, 1484
major surgical procedures, 999-1002 1 612-14 1 780 intracystic, 1464, 1465, 1467

postintervention imaging skull hyperostosis, 1640 Brain, ultrasound examination i nvasive ductal, 1465, 1467
appearances, 1002-3 temporomandibular joint i nfant, 1723, 1807-12 mammography see Mammography

malignant tumours, 995-7 i nvolvement, 1546 i ndications, 1807 medullary, 1457, 1465-6
mechanical problems of wall, 993-5 Bone haemangioma, 1296-8, 1299, normal appearances. 1807-9 metastases, 117, 597, 792, 835, 1251,
micturition physiology, 921 1300, 1301, 1302 technique, 1807 1 252, 1548, 1636, 1660, 1762
neck, 888 Bone infarction obstetric ultrasound, 1049 microcalcifications, 1468, 1472,
neuromuscular disorders, 999 Gaucher's disease, 1344, 1346 Branchial cleft cysts, 540, 1500-1, 1 473
obstetric ultrasound, 1059-61 sickle cell disease, 1324, 1325, 1326 1 502, 1510, 1512 mucinous, 1457, 1466
percutaneous procedures, 905 see also Osteonecrosis BRCAI, 1 081 oedematous breast, 1474-5
schistosomiasis, 992-3 Bone infection, 1155-72. 1173-7 BRCA2, 1 081 papillary, 1466
trauma, 703-4, 997, 998 sickle cell disease, 1324-5, 1327 Breast, 50, 1451-86 positron emission tomography

rupture, 997-9 Bone island (enostosis), 1254, 1256 anatomy, 1454-5, 1456, 1476-7 (PET), 1830-I
trigone, 889 Bone marrow hyperplasia architectural distortion (stellate screen-detected, 1484
tuberculosis, 991-2 chronic haemolytic anaemias, 1321 l esion), 1460, 1461-2 sentinel node imaging, 1832
ultrasound, 894-5 iron deficiency anaemia in children, asymmetrical soft-tissue density, somatostatin receptor scintigraphy,
urodynamics, 921 1326 1 462 661
wall thickness, 993 jaw/facial skeleton changes, 1541 axillary node abnormalities, 1467-8 spiculate mass, 1458-60, 1476
wall trabeculation, 993 sickle cell disease, 1324 circumscribed mass, 1462-8 Breast cyst, 1456, 1464, 1473, 1474,

Bladder agenesis, 989 thalassacmia, 1322, 1323 mixed density, 1462-3 1 477
Bladder cancer Bone tumours, 1247-85, 1287-320 radiolucent lesions, 1462 ultrasound-guided aspiration, 1479

fistulas into gastrointestinal tract, angiography, 445 radiopaque (soft-tissue density) Breast fibroadenoma, 1456-7. 1464-5,
994 blood vessels, 1296-300 lesions, 1464-6 1 466, 1467, 1468, 1473, 1474,

l ocal bone destruction, 1253 bone-forming, 1254-69 women under 35 years, 1467 1 477



Breast fibromatosis, 1460 Bronchial cystadenoma, 122 Buerger's disease (thromboangitis somatostatin receptor scintigraphy,

Breast implants, 1474, 1476-7, 1478 Bronchial disease. 163-5 obliterans). 433-5 6W661,761,702
rupture, 1477, 1478 Bronchial lipoma, 124 Bullous emphysema, 23 stomachlduodenum, 599, 600

siliconorna formation, 1478, 1479 Bronchial mucoid impaction, 173-4 Bullous lung disease. 169-70 thymus, 65
Breast lipoma, 1462 Bronchial myoblastoma (granular-cell Buphthalmos, 1588 Carcinosarcoma

Breast masses tumour), 124 Burkitt's lymphoma, 871, 881, 882-3, l ung, 122
benign, 1456-7, 1464 Bronchial obstruction, 26, 163, 175 1 528-9 oesophagus, 569. 570
l ymphoma, 1466 Bronchial papilloma. 124 skeletal features, 1336, 1337, 1546, Cardiac anatomy, 265-71
malignant, 1456, 1457, 1464 Bronchial sites, 365-6 1 660 morphological approach to congenital

see also Breast carcinoma Bronchial trauma, 221 Bursae, 1426 cardiac disease, 364-5
matastatic tumours, 1466 Bronchial tree congenital enlar gement. 1426 ventricular wall

Breast microcystic change, 1471, 1472 abnormalities, 250 Buscopan, 636 terminology. 271
Breast papilloma, 1465, 1473 Bronchial wall thickening, 19 Butterfly vertebra, 1117, 1119, 1653 thickness, 265
Breast sarcoma, 1465, 1467 Bronchiectasis, 9, 19. 21, 23, 29, 33, ButylcyanoacrylLite embolisation, 456, Cardiac calheterisation
Brenner's tumour, 1082 34, 43, 152, 163-4, 165, 1231 458. 1710-11. 1715, 1720 aortic coarctation, 380-1, 382
Bridge stent, 451 allergic bronchopulmonary Bypass graft stcnosis, Doppler atrial septa] defect, 375
Broad thumb, congenital, 1 107 aspergillosis, 148 ultrasound examination, 466-7 atrioventricular septal defect, 390-I
Brodie's abscess, 1159-60 bronchial arteriography with complications. 417
Bronchi, 9, 10, 60 embolisation, 47 congenital cardiac disease. 348, 363,

i mpressions on thoracic oesophagus, bronchography, 45 364,406-7
572 children, 261 contrast media, 407

Bronchial arteries, 9 cylindrical (tubular), 163, 164 C-reactive protein assay, 483, 485 coronary angiography see Coronary
congenital anomalies, 423 cystic fibrosis, 261 CA-125, ovarian cancer screening, angiography
emholisation, 248, 457 saccular (cystic), 163, 164 1 084 historical aspects, 411
enlarged, 9 varicose, 163 CADASIL, 1796. 1797 i ndications, 347-8

Bronchial arteriography, 47. 164 Bronchiolarlbronchioloalveolar Cadmium toxicity, 1353 i nterventional procedures, 358-62.
Bronchial atresia, 174, 175,250 carcinoma (alveolar cell Caecal adenocarcinoma, 619 364
Bronchial benign clear cell tumour, 124 carcinoma), 107, 117, 119 Caecal (right colon) volvulus, 669, i nfra-aortic balloon pump support,
Bronchial carcinoid, 122-3, 125 Bronchioles, 9 676-7,679 361
Bronchial carcinoma, 9, 17, 35, 107-18 Bronchiolitis, 172-3 Caecum, 635 l eft ventricular angiography, 348,

aetiology, 107 acute, 172 Cafley's disease (infantile cortical 349,350
AIDS patients, 159-60 obliterative, 139, 172-3 hyperostosis), 1 192 patent ductus arteriosus, 377
airway obstruction, 108 drug-induced, 210 Caisson disease (dysbaric pulmonary stenosis. 379
asbestos exposure-rela(ed, 192 l ung transplantation complication, osteonecrosis), 1191-2, 1385 right heart, 356
biopsy, 113-14, 116 242 Calcancal fracture, 1373. 1414 screening of prostheses, 362

bronchopleural fistula, 95 panhronchiolitis (Japanese Calcaneonavicular fusion. 1117 tetralogy of Pal lot, 384
chylothorax, 88 panhronchiolitis), 173 Calcitc tcndinopathy, 1421, 1422, total anomalous pulmonary venous
clinical presentation, 108 respiratory with interstitial lung 1 437 connection, 397
diagnosis, 113-15 disease, 173 Calcifying fibrous pseudotuntour, transposition of great arteries, 387-8
ectopic ACTH production, 840 Bronchiolitis obliterans organizing adrenal gland involvement, vascular access. 357
epidemiology, 107 pneumonia (BOOP), 173, 174 828-9, 838 ventricular septa] defect, 373-4
hypcrtrophic osteoarthropathy, 1231 Bronchitis, chronic, 43, 152, 105, Calcinosis circmnscripta, 1439 Cardiac contour, 271, 272, 283. 284-6,
l ung consolidation, ] 80 1 66-8 Calcinosis intcrstitialis universalis, 317
mediastinal involvement, 34, emphysema, 167, 170-1 1 439 Cardiac disease, acquired, 317-45

1 1 1 -12, 1 18, 127 Bronchocele, 19, 108, 112, 173-4 Calve's disease, 1 187, 1341 childhood disorders, 402-4
l ymphadenopathy, 71, 82, 108, Bronchocentric granulomatosis, 200. Canpvlohaeter, 627, 651. 870 plain chest film, 283-316

111-12, 116 202,203 Candida, 1 46, 153, 880, 882 postcardiac surgery, 29], 292-3

metastases, 117-18, 119, 120. 126, Bronchogenic cyst, 22, 38. 74-5, 252 Candidiasis Cardiac disease, congenital, 363-410

626, 777, 835, 838, 1660, 1762 Bronchography, 45 acute parotitis, 537 adult patients ('grown-up' congenital

hone, 1248, 1250, 1251, 1253 Bronchiectasis, 163 central nervous system. 1786, cardiac disease), 363
scintigraphic detection, 42 paediatric chest, 248 1 787-8, 1793 associated congenital

pathology, 107-8, 113-14 Bronchopleural fistula, 5l, 95, 226-7 chronic mucocutancous, 558 emphysemalloharoverinflation,

adenocarcinoma, 107, 108, 112 Bronchopneumonia, 131, 132, 133 emphysematous cystitis, 991 251
adcnosquamous carcinoma, 107 aspergillosis, 148 liver infection, 772 associated oesophageal atresia, 852
alveolar cell carcinoma, 107, 1 17, tuberculosis, 142, 143,144 ocsophagitis, 557-8. 866 birth asphyxia, 370

1 1 9 Bronchopulmonary aspergillosis, 16, oral, 1539 cardiac catheterisation, 348, 363,
basal cell carcinoma, 107 1 9, 21, 163 pulmonary infection, 146-7, 153, 364.406-7
carcinosarcoma, 107 allergic, 148-9, 150, 174 1 54 cardiac connections. 367
clear cell carcinoma, 107 Bronchopulmonary dysplasialchronic pyelonephritis. 948 chest X-ray appearances, 9, 405,

large cell undifferentiated, 107 l ung disease of prematurity. ureteric inflammation, 979 406
small (oat) cell carcinoma, 107, 257-8 Caplan's syndrome. 191, 192, 193, 198 circulation

1 08,113,115 Bronchopulmonary foregut Capsular artery, 1680 common mixing, 370

squamous cell, 107, 108, 109, malformations, 252 Captopril scintigraphy, 917, 919 l eft-lright-sided obstruction. 370
11L113 Bronchopulmonary lymph nodes, 10 Carbon monoxide poisoning. 1634, l eft-to-right shunt, 369

pericardial invasion, 126, 335, 336 Bronchoscopy 1 798 classification, 365-70
peripheral pulmonary mass, 108-11 bronchial carcinoma, 1 1 3 Carcinoid syndrome, 123, 626 developmental aspects. 368-9
pleural involvement, 87, 89, 95, l ung biopsy. 44 tricuspid/pulmonary valve i maging techniques. 318, 319. 320,

1 09,112,126 Brown tumours, 49, 1293, 1295, 1363, regurgitation. 303 405-7
positron emission tomography 1 364, 1539 Carcinoid tumours, 42 i ncidence, 363, 371

(PET), 43, 1830 Bruceltosis, 1659 hone metastases, 1251, 1253 i nterventional catheter techniques,
rib involvement (Pancoast tumour), bone infection. 1173-4 bronchi, 122-3, 125 363,364

1 13, 125, 1254 Brunner's gland hepatic metastases, 626. 785 l ooping (topolo g y). 367
screening investigations, 113 hamartoma, 590 embolisation, 458, 460, 746 malformations, 367-8
staging, 115-16, 117 hyperplasia, 586-7, 590 hormone production, 123, 840 morphological approach, 364-5
treatment assessment, 117 Budd-Chiari syndrome see Hepatic l arge bowel, 644, 660, 661 obstetric ultrasound examination,

Bronchial chondroma, 124 vein thrombosis small bowel, 626, 633 1 055-6



physiological changes at birth, 369 Caroticotympanic artery, 1679 Cellulitis, 483, 1426, 1432, 1435 destructive bone lesions, 1253
position, 367 Carotid angiography, 411, 1676, orbit, 1520, 1521, 1578 FIGOlTNM staging, 1097
situs variations, 365-7 1 678-82 Cementoma, 1535, 1544 l ymphadcnopathy, 1099
surgery, 363-4 carotid siphon, 1679 Cementum, 1531 metastates, 1248

Cardiac enlargement, 283, 284-6 cerebral veins, 1682-3 Central European encephalitis, 1792 recurrent disease, 1100, 1 101
oesophageal extrinsic impressions, complications, 1677-8 Central nervous system Cervical cerclage, 1065

573 congenital anomalies of intracranial i nterventional neuroradiology, Cervical lymph nodes. 510-I 1
Cardiac failure, 74, 87, 318 circulation, 1688-90 1 707-22 anterior superficial (external jugular),

high-output, 440 external carotid, 1679. 1683 l ymphomas, 525-6, 529 511

Cardiac fat pad, 307 i nternal carotid, 1679 Central neurocytoma, 1747 deep (internal jugular) chain, 51 I
Cardiac fibroma, 308 tonsillar loop, 1679 Central pontinc myelinosis, 1800 groupsllevels, 511
Cardiac foreign body retrieval, 361 Carotid arteries Central retinal artery occlusion, 1554 inflammatory adenopathy. 1510, 15 1 1
Cardiac imag i n g . 271-82, 318 aberrant, 1599, 1605, 1606 Central retinal vein occlusion, 1554 metastases, 1510, 1511

angiography. 279-81, 282, 320 aneurysm, 464 Central venous catheters, 232. 233, ultrasound, 1515-16
chest X-ray, 5-6, 271-3, 275, 317-18 dissection, 465 293,454 Cervical rib, 432, 1109, 1120
computed tomography (CT). 278-9, Doppler ultrasound examination, Cephalhaematoma, 1641 Cervical spine

280. 319, 1839-40 461, 462, 463-5, 466 Cerebellar atrophy, 1795, 1797 C2/C3 pseudoluxation in children,
echocardiography, 273-7 i ndications, 462-4 Cerebellar tonsils, 1650 1 393

transoesophageal, 318-19 magnetic resonance angiography, ectopic, 1650 degenerative disease, 1227, 1229,
transthoracic, 318 474, 475, 478-9 Cerebral abscess, 1520, 1783-4, 1790 1 230

fetal heart. 1055 high-resolution imaging, 1825 Cerebral atrophy, 1794-5 i maging, 1644
invasive/interventionaltechniques, stent placement, 45 1, 1709- 10 focal, 1794 myelography, 1646-7

347-62 Carotid artery stenosis, 1509 generalised, 1794 normal radiographic anatomy, 1392,
magnetic resonance imaging (MRI), carotid bifurcation. 1675 post-traumatic, 1782 1 394

279. 280, 281, 319-20, 1825, Doppler ultrasound examination, pseudoatrophy, 1795 trauma, 1392-9
1 826 463-5 Cerebral contusion, 1780, 1781. 1782 associated aortic transection, 311

radionuclide imaging, 277-8, 319 accuracy, 465 Cerebral cystic lesions, 1763-6 axial loading, 1397-8
Cardiac implants, 294-5 diagnostic criteria, 464 i nfantlneonate, 1809, 1810 burst fracture, 1398
Cardiac lipoma, 337, 338 i nternal carotid artery occlusion, Cerebral embolus, 1700 classification. 1395
Cardiac masses/tumours, 307-9 464 Cerebral hypoxic ischaemic brain flexion teardrop fracture, 1395,

primary. 308-9 i ntima-medial thickness (IMT) damage, 1778 1 396
seconadry, 309 measurement, 465 Cerebral infarcts, 1774-8 hangman's fracture, 1396-7

Cardiac rhabdomyoma, 308. 1055. plaque morphology, 464 computed tomography (CT), 1774-7 hyperextension injuries. 1396-7
1 056 percutaneous transluminal haemorrhagic, 1777 hyperflexion sprain, 1395, 1396

Cardiac size, 271, 283-4, 317 angioplasty, 450. 1709-10 head injury, 1782 Jefferson fracture (Cl burst
intensive care postoperative X-ray, stent insertion, 451, 1709-10 diffuse traumatic brain damage, fracture), 1397-8

290 Carotid body tumour, 1501, 1502, 1 781 odontoid fracture, 1398
transverse diameter, 5 1 510, 1511 magnetic resonance imaging (MRI), rotational injuries, 1398. 1399

Cardiac surgery angiography, 445 1 777-8 spinous process fracture, 1398
i ncisions, 228, 292 Doppler ultrasound, 464, 465 venous and sinus thrombosis, 1777 unilateral facet dislocation, 1396
postoperative chest, 227, 228-9. Carotid endarterectomy, 1703, 1709, watershed. 1775 wedge fracture, 1395

292-3 1 710 Cerebral infection. 1783-94 Cervicothoracic sign, 14
devices seen on plain film, 293 Carotid space post-traumatic, 1783 Cervix, 1070, 1078, 1090, 1093, 1094

postoperative haemorrhage, 227, anatomy, 1509 Cerebral oedema, 1780 obstetric ultrasound evaluation, 1065
228,292 aneurysm, 1501, 1502 cerebral abscess, 1784 Cestode infection see Cysticercosis:

see also I ntensive care patient l esions. 1501-3 diffuse traumatic brain damage, 1781 Tapeworm
Cardiac transplantation, 239, 293-4 masses, 1510-11 pyogenic meningitis, 1785 Chagas' disease, 76, 553
Cardiac trauma, 224 Carotid-cavernous fistula. 1568-9, 1580. Cerebral tumours, 1739-66 Chamberlain's line, 1625, 1626
Cardiac tumours, 336-8 1 581, 1584, 1585, 1710, 1712 age incidence. 1739 Chance fracture, 1400

benign. 336-7 traumatic, endovascular occlusion, angiography, 1705 Charcotjoints. 1386
children/neonates. 402-3 1 71 1-12 classification. 1740 Chemodectoma (chromaffinoma), 75,
fetal sonographic detection, 1055, Carpal bone fusions, 1108-9 embolisation, 1716 833

1 056 Carpal tunnel syndrome, 1244 epidemiology. 1739 angiography, 445-6
i ncidence, 336 Carpenter's syndrome. 1624 epilepsy, 1804, 1805 preoperative embolisation, 458
l ymphoma, 337 Carpus lymphoma, 525, 1753-4 Chemotherapy, intra-arterial. 455
magnetic resonance imaging (MRI), dislocation, 1409-10 magnetic resonance spectroscopy, head and neck tumours, 1719-20

338 fractures, 1378, 1408-9 1 826-7 hepatoccllular carcinoma, 455, 458
malignant, 337-8 Cartilage-hair hypoplasia, 1137 metastatic, 1631, 1761-3 Cherubism, 1539, 1544
metastases, 337 Castleman's disease, 70, 72 plain skull film, 1627-8 Chest imaging, 1-54

Cardial steel filter, 452 Cat scratch fever, 537 i ntracranial calcification, 1628-31 barium swallow, 2
Cardiogenic pulmonary oedema, 180 Cataract, 1554 skull erosions, 1637-8 bronchial arteriography, 47
Cardiomyopathy, 322-6 Catheter clot embolus, 422,437 Cerebral vasospasm, 1708-9 bronchography, 45

dilated, 299, 322-3 Caudal regression syndrome, 1652 i ntracranial balloon angioplasty, computed tomography (CT). I,
hypertrophic, 299, 323-5, 329, 403 Caustic oesophagitis, 559 1 709 30-7,45
i nfantslchildren, 403 CAVATAS (Carotid and Vertebral Cerebral veins. 483 diagnostic pneumothorax. 2
restrictive, 299, 325-6 Artery Transluminal carotid angiography, 1682-3 fluoroscopy, 29

Cardiopulmonary transplantation, Angioplasty Study). 1708 thrombosis, 1705 magnetic resonance imaging (MRI).
239-42 Cavernosography, 906, 1035, 1036 Cerebritis, 1783-4 2.38

heart, 239, 293-4 Cavernous sinus fistula. 1697, 1698 Cerebrospinal fluid fistula, 1783 paediatric chest, 247-62
l ung, 239-42 Cavernous sinus thrombosis, 1705 Cerebrospinal fluid plain film, I, 2-29
l ymphoproliferative disease Cavitating pulmonary lesions, 22-3, 37 otorrhocalrhinorrhoea, 1389, positron emission tomography

following, 242, 293 bacterial pneumonia, 132 1 642 ( PET). 43-4
Cardiothoracic ratio. 5, 272-3, 283-4, l ung cancer, 109. 113 Cerebrovascular disease, regional pulmonary angiog raphy. 1, 46-7

290 metastatic tumours, 117 cerebral blood flow imaging, radionuclide imaging, l, 38-43
childrenlneonate, 249,273, 284 tuberculosis, 141 1 813 toniography, 1, 29

Caroli's disease, 721, 725, 937 Cavum Vergac cyst, 1731 Cervical carcinoma, 1091. 1097-100 ultrasound. I, 45-6



Chest pain, non-cardiac, 550 punctata), 1134-5 dysostosis), 47, 1114, 1122-3, screening, 644
Chest trauma, 217-24 Chondrocctodermal dysplasia see 1 539, 1540, 1625-6 Colorectal cancer, 640-2, 646
Chest wall, I I Ellis-van Crevald syndrome Clinodactyly. 1107 adenoma-carcinoma sequence,

cardiac disease-related changes. 290 Chondroma, 49, 1269, 1272-6 Clostridium dii ficile, 651, 680 640-I
i maging, 47-54 i ntracranial, 1761 Clostridium perfringen.s, 1 433 bladder fistulas, 994

artefacts, 50 juxtacortical, 1275, 1276 Clostridium welchii, 686, 687, 723 colorectal stenting, 642. 643
bones, 47-50 l aryngeal, 1498, 1499 Club foot (talipes equinovarus), Crohn's disease-related risk, 649
diaphragm, 51-4 tracheohronchial, 124, 161 1115-16 Dukes's staging, 641
soft tissues, 50-I Chondromyxoid fibroma, 1269, 1277-8 Coagulation disorders, skeletal familial adenomatosis polyposis-

trauma, 217-18 Chondrosarcoma, 1250, 1272, 1281-5, abnormalities, 1346-9 related risk, 639, 641
Chiari malformation, 267, 270, 1652, 1 761 Coal worker's pneumoconiosis, 191-2 familial risk, 641

1 653, 1728-9 central, 1269, 1281, 1282 progressive massive fibrosis, 191, large bowel obstruction, 676
Chickenpox, 1791 clear cell, 1285 1 93 metastases, 642, 757, 1251, 1253

pneumonia, 24, 25, 136, 137, 138 mesenchymal, 1284, 1285 Coats' disease, 1563, 1591 positron emission tomography
Chilaiditi's syndrome, If. 12, 667, 742 Chordoma, 1305-6, 1307 Cobblestone duodenal cap, 586 (PET), 1830
Children i ntracranial calcification, 1631 Cocaine abuse, nasal granuloma. 1523 recurrent disease, 643

biliary tract disorders, 720-2 mediastinal mass, 69 Coccidioidomycosis, 25, 72, 80. 145, screening, 644
fractures, 1383-5 nasopharynx, 1494 1 49, 157, 1659 small bowel obstruction, 673
patient support, 849 presacral space widening. 654 honeljoint lesions, 1176 TNM classification, 641
urogenital tract investigation, 923-6 skull base/intracranial extension, central nervous system, 1786 ulcerative colitis-related risk, 648
see also Paediatric abdomen; 1 760-I Cochlea, 1598, 1599 Colorectal polyps, 637-40

Paediatric chest skull erosion, 1636 congenital bony abnormalities, polyposis syndromes, 637, 638-9,
Chlamvdia psittaci pneumonia spine, 1661 1 601, 1602, 1603 1 540

(psittacosis; ornithosis), 131, Choriocarcinoma, mediastinum, 66 Cochlear implants, 1607. 1608, 1614 Colorectal stenting, 642, 643
1 35,137 Chorionic villus sampling, 1048 Cockayne's syndrome, 1634, 1798 Colorectal tumours, 637-44

Chlanivdia trachomatis, 1 017, 1024 Choristoma (granular cell tumour; Codman's triangle, 1 154 Colour flow ultrasound
Chlonorchis sinensis, 730 pituicytoma), 1765 Coeliac artery stenosis, 450 acute pancreatitis, 817
Chlorine inhalation, 195 Choroid plexus calcification, 1622, Coeliac axis, 810, 812 aortic coarctation, 382
Cholangiocarcinoma, 729, 731-2, 757, 1 630 congenital anomalies/anatomical arterial imaging, 412

772, 783, 1248 Choroid plexus cyst, 1053 variations, 423, 812 atrial septal defect, 375
biliary drainage/stenting, 733 Choroid plexus papilloma, 1630 Doppler ultrasound examination, atrioventricular septa) defect, 390

Cholangiography Choroid plexus tumours, 1746 472 carotid artery stenosis, 464
i ntravenous, 719 Choroidal detachment, 1557, 1576 stenosis, 431, 472 carotidlcerebral vessel imaging,
operative, 719-20 Choroidal haemangioma, 1563 Cocliac compression syndrome, 429. 1 675
percutaneous (PTC), 719 Choroidal melanoma, 1560-2 431 cavernous liver haemangioma, 770

Cholangiopathies of childhood, 722 Choroidal osleoma (osseous Coeliac disease (gluten-sensitive dialysis graft examination, 467, 468
Cholangioscopy, 733 choristoma). 1562-3 enteropathy), 598, 625, 629 Doppler echocardiography, 274, 276
Cholecystectomy, 725, 727 Christmas disease, 1346 Coenurosis, 1791 epididymo-orchitis, 471
Cholecystitis Chromaffinoma see Chemodectoma Coil embolisation, 456, 457, 458, 459 equipment, 461

acalculous, 715, 723, 881 Churg-Strauss syndrome (allergic i ntracranial aneurysms, 1712-14 eye, 1553-4
acute, 685-6, 715 angiitis and granulomatosis), Cold virus pneumonias, 131 hepatic vein thrombosis
biliary scintigraphy, 686, 718 200,202 Colectomy and ileorectal anastomosis, (Budd-Chiari syndrome), 469,
childhood, 722, 881 Chyloma, 228 650 768
chronic. 715, 716 Chylothorax, 2, 88, 224, 228 Colitis, 646 orbital carotid-cavernous
emphysematous, 686, 687, 713, 714, Ciclosporin nephrotoxicity, 984 acute, 679-80 fistulaldural cavernous

723 Ciliary body, 1552 children, 871-2 arteriovcnous malformation,
gallstones (calculous cholecystitis), melanoma, 1560-2 eosinophilic, 652 1 569

723,881 Cineradiography infectivelnon-infective, 651-2 paediatric abdomen, 851
localised ileus (sentinel loop), 621 pharynxllarynx examination, 1489, ischaemic, 651, 652, 680 patent ductus arteriosus, 377
ultrasound, 685-6, 715, 716 1 491 microscopic, 652 peripheral artery bypass graft
xanthogranulomatous, 724 swallowing disorders, 1489, 1495 neutropenic (typhlitis), 632, 652, occlusion, 466

Cholecystilis glandularis proliferans Circle of Willis 872 portosystemic shunt patency
(gallhladder adenomyomatosis), aneurysm, 1675 pseudomembranous, 651, 680 assessment, 769
724,725 subarachnoid haemorrhage, 1692 radiation, 652 pulsatile necklumps, 464

Cholecystoduodenal fistula, 602 congenital anomalies, 1688 Collagen vascular diseases see total anomalous pulmonary venous
Cholecystography, 718-19 magnetic resonance angiography, Connective tissue disorders connection, 397
Choledochal cyst, 717, 720-1, 725, 479 Collateral ligament damage, 1235, transcranial Doppler ultrasound, 465

733, 760, 880 transcranial Doppler ultrasound, 1 238 ureteric obstruction, 471
classification, 721, 880-1 462,466 Colles' fracture, 1408 uterine arteriovenous malformation,

Cholcdochal fistula, 733 Cirrhosis, 737, 743, 749, 755-6, 766-7, Colloid cyst. 1765 1 092
Choledochal varices, 731 779,783 Coloboma, 1587, 1588 ventricular septal defect, 373
Choledocholithiasis .see Bile duct portal hypertension, 767, 779 Colon, 635, 665 vertebral artery stenosis, 415

stones portal vein thrombosis, 768 Colon cancer Colovesical fistula, 645, 994
Cholclilhiasis see Gallstones Cisterna chyli, 509 gastroduodenal invasion, 597-8 Common atrium, 370
Cholestcatoma, 1607-9 Cladosporiosis, 1786 metastasis tumours, 644 Common bile duct, 711, 796

acquired. 1608-9 Clavicle, 12, 47 pulmonary metastases, 1 17 obstruction, 686, 716, 813
congenital, 1607 fracture, 218, 1404 see also Colorectal cancer stones, 725-7

Cholesterol deposits, 715 Clay shoveller's fracture, 1398 Colonic angiodysplasia, 653 Common carotid artery, 268, 269
Cholesterol embolus, 422, 437, 449 Clear cell carcinoma Colonic atresia, 859. 861, 862 catheterisation, 418
Cholesterol granuloma, 1607, 1608 bronchus, 124 Colonic functional immaturity (small Common femoral artery
Cholesterosis of gallbladder, 723-4 ovary, 1082 left colon syndrome), 859, 861 Doppler ultrasound, 461, 466
Chondroblastoma, 1249, 1269, 1276-7 renal cell, 480 Colonic lymphoma, 644 false aneurysm, 467
Chondrocytoma, 69 Clear cell chondrosarcoma, 1285 Colonic malrotation, 635 Common iliac artery aneurysm, ureteric
Chondrodystrophia calcificans Clear cell renal sarcoma, 874-5 Colonic motility, 635-6 displacement, 980

congenita (chondrodysplasia Cleft palate, 1538 Colonic transit studies, 637 Common truncus arteriosus, 370
punctata: dysplasia epiphysealis Cleidocranial dysplasia (cleidocranial Colonoscopic colorectal cancer Communicating veins. 485, 486



Compartment syndrome, 1381. 1425 oesophagus, 543-4 Conjoined twins, 1063 Core biopsy, breast lesions, 1458,
Complete spontaneous abortion, 1045 orbit, 1574 Connective tissue disorders 1 462, 1464, 1467, 1473, 1475
Computed tomography (CT) osteomyelitis, 1 158 bronchiectasis, 163 stcrcotactic-guided, 1481

adrenal glands, 826, 827 paediatric abdomen, 851 diffuse lung disease, 197-202 ultrasound-guided, 1480
adrenal masses, 829-30, 833 paediatric chest, 247-8 pleural effusion, 87 vacuum-assisted. 1481-2
aneurysms, 425, 1770 Paget's disease, 1194-5 pulmonary eosinophilia, 204 Cornea, 1551-2
aortic dissection, 339-40, 414, 428 pancreas, 787, 795-6 tracheal widening, 163 Cornual polyps, 1089
aortic rupture, 224 pericarditis/pericardial effusion, valvular heart disease, 327 Coronal cleft vertebra, 1117
appendicitis, 684-5 333-4 Conn's syndrome (primary Coronary angiography, 279-80, 347,
arterial imaging, 412-13 pericolic abscess/peritonitis, 645 hyperaldosteronism), 495, 826, 350-4
aspergilloma, 147 petrous temporal bone. 1597-8, 840-1 complications, 350, 353, 422
biliary tract, 717 1599, 1600, 1601, 1602 adrenal cortical adenoma. 835, 840, contrast media, 420
bone density measurement, 1352 phaeochromocytoma, 843-4 841,842 i njection dose, 350, 351
hone tumours, 1249-50 pharynx/larynx, 1489-90, 1492 adrenal cortical carcinoma, 835, 840 coronary artery pathological
bronchial carcinoma, 108, 109, 110, pleural disease, 37 adrenal scintigraphy, 831-2, 833 appearances, 354-5

111, 113, 115, 116, 124-5 pleural effusion, 88, 91, 92-3, 97 blood samplinglhormone assay, 829 examination procedurelprojections,
cardiac disease, congenital, 405-6 pneumoperitoneum, 666-7 Conradi-Hunermann syndrome, 1 135 351-2
cardiac imaging, 278-9, 280, 319, pulmonary embolism, 342 Conray see lothalamate meglumine mortality risk, 353

331,1839-40 recent technical advances, 1836-41 Constipation, 653 percutancous Seldinger approach,
colorectal cancer, 642 advantages of rapid scanning, Constriction rings (Streeter's hands), 280
contrast media, 515, 795, 927, 1724 1 840-1 1 107, 1177 safety requirements, 350-1
Crohn's disease, 623-4 computing requirements, 1836-7 Constrictive pericarditis, 74, 87, 306, vascular access, 357
duodenum, 576 CT `fluoroscopy', 31, 1837 307 Coronary angioplasty, 358-9
emphysema, 169, 170 image processing, 1839-40 Continuous diaphragm sign, 221 see also Percutaneous transluminal

gastric carcinoma staging, 594 multidetector CT, 1837-8 Continuous-wave Doppler angioplasty, coronary arteries
glossary of terms, 1850-1 multislice helical CT, 1840-1 echocardiography, 274, 275 (PTCA)

gynaecological imaging, 1090-2 radiation dose, 1838-9 equipment, 460 Coronary arteries, 269-71, 273, 274,
head injury slip rings, 1836 Contrast echocardiography, 276-7 309

acute trauma, 1779-82 X-ray tubesldetectors, 1836 Contrast media calcification, 295. 296, 320, 1839,
extradural haematomas, 1779 rheumatoid arthritis, 1209 brain damage following cerebral 1 840
i ndications, 1778-9 salivary glands, 533-4, 535-6 angiography, 1677 congenital abnormalitieslanatomical
subdural haematomas, 1779-80 sinuses, 1519 computed tomography (CT), 515, variations, 355, 356, 357. 401

high resolution (HRCT), 33-4 small bowel, 618 795, 927, 1724 i ntravascular ultrasound, 1835
adult respiratory distress small bowel obstruction, 619-20, congenital cardiac disease, 407 l eft ventricular angiography, 348

syndrome, 244 671,672 coronary angiography, 350, 351, Coronary artery aneurysm, 354, 355
asbestosis, 194, 195 soft tissues, 1442-5 420 Kawasaki's disease, 428-9
asthma, 166 spine, 1644-5 i ntravenous cholangiography, 719 Coronary artery bypass graft, 228
bronchiectasis, 163, 164,165 spleen, 753, 758-9 l ymph node imaging, 515 devices seen on postoperative plain
bronchiolitis, 173 stomach, 576, 577 magnetic resonance imaging (MRI), fil m, 293
cryptogenic organizing subarachnoid haemorrhage, 1768-9, 1827-9 graft angiography, 355, 356

pneumonitis (COP), 173 1770 extracellular space agents, 1827 Coronary artery dissection, 354, 355
diffuse lung disease, 187 thoracic biopsy guidance, 31 liver-specific, 778 Coronary artery stenting, 293, 358,
i diopathic pulmonary fibrosis, trauma, 1415-16 ultrasmall superparamagnetic iron 359, 360, 451

205 abdomen, 691 oxides, 1827, 1828 Coronary fistula, 354, 355
opportunistic pulmonary aortic arch aneurysm, 425 myclography, 1645, 1646 Coronary heart disease, 295-9, 320-2,

i nfections, 153 bladder, 704 i njection errors, 1647 347, 354, 429, 451
paediatric chest, 247-8 bowel, 705 nephrotoxicity, 927 screening, 320
pleural plaques, 193 chest, 217 non-ionic, 926-7 stable angina, 321
Pneurnocystis carinii pneumonia, facial bones, 1390-1 percutancous arterial catheterisation, see also Myocardial infarction

154 head, 1778-82 419 Coronary sinuses, 269-70, 273
sarcoidosis, 188, 189 kidney, 700-1, 702, 973-4 dosage, 419-20 Corpus callosum agenesis, 1055, 1066,
silicosis, 191 liver, 695-6 phlebography, 486 1 688, 1731-3

i nflammatory bowel disease, 650 major vessles (IVClaorta), 707 reactions, 420, 486, 891, 893, 926, Corpus callosum lipoma, 1732, 1733
i ntra-abdominal sepsis, 682 pancreas, 704, 705 1 645-6 Corpus luteum, 1072
i ntracranial lesions, 1723-4, 1725 pelvis, 1404 drug interactions, 927 Corpus luteum cyst, 1102

aneurysms, 1770 skull fracture, 1389 i odism, 420-1 Corrosive oesophageal stricture, 558,
i ntracerebral haematoma, 1767-8 spine, 1391-2, 1393 management, 927 559

large bowel, 637 spleen, 692-3, 694, 695 mildlintermediatelsevere, 420 Corticobasal degeneration, 1797
liver, 753-8 urogenital tract, 906, 910 nephrotoxicity, 421 Costophrenic angles, 7
lungs, 30-7 children, 925-6 organ damage, 422 Cough fractur of ribs, 49, 217-18

collapse, 176, 177, 180, 182 veins (phlebography), 483 risk factors, 420 Covered arterial stents, 451
l ymph nodes, 515 Computed tomography (CT) treatment, 420, 421-2 Cowden's disease, 564, 589, 627, 639

micrometastases, 516 angiography, 412-13,417, 1837 sialography, 535 Cowper's duct syringocclc, 1017
l ymphoma carotid/cerebral imaging, 1674-5 small bowel examination, 617-18 Cowper's glands, 1017

abdomen, 528 complications, 1678 ultrasound, 763 Coxa vara
head and neck, 528-9 pulmonary angiography, pulmonary urogenital tract investigations, 926-7 acquired, 1114
stomach, 599 embolism imaging, 238, 239 see also Barium studies idiopathic of childhood, 1 1 13, 1114
thorax, 526-8 Computed tomography (CT) Contrast phlebography, 483 Coxiella burnetii i nfection (Q fever),

malignant disease cisternography, 1727, 1783, Contrast studies 1 31.135,137-8
staging, 519, 567-9, 599 1 795 acute abdomen, 668. 671 Cranial meningocele, 1625
treatment response evaluation, Computed tomography (CT) gynaecological imaging, 1085-90 Cranial nerves, 1574

520 fluoroscopy, 31, 1837 paediatric abdominal imaging, orbital anatomy, 1574
mediastinum, 58, 59, 60-1, 81, 111 Computed tomography myclography 849-50 tumours, 1758-9
neck, 1509-12 (CTM), 1645, 1647-8 Cooley's anaemia see Thalassaemia vascular compression, 1772
obstetric imaging, 1065 Condylomata acuminata (veneral Copper deficiency, 1367 Craniofacial microsomia, 1605
oesophageal cancer staging, 567-9 warts), 1020 Cor triahiatum, 394 Craniometaphyscal dysplasia, 1640



Craniopharyngioma, 1752-3 bronchiectasis, 163, 166, 167.261 Delphinian node. 5 1 1 Diaphragmatic hernia see Hiatus hernia
intracranial calcification, 1628-9, colitislfibrosing colonopathy, 652 Dementias, 1795-6 Diaphragmatic hiatus, 554

1 630 duodenal changes, 581 regional cerebral blood flow Diaphragmatic lymph nodes, 51 1
skull erosion, 1637, 1638 i ntrahepatic cholangiopathy, 722 i maging, 1813-14 Diaphyseal aclasis (hereditary multiple

Craniosynostosis. 1624-5 l ung disease, 42, 43, 152,260-1, 262 Demyelinating disorders, 1799 cxostosis), 1137-8. 1139, 1249,
CREST syndrome, 197 mcconium dens, 859-60 Dens in dente, 1538, 1544 1 272, 1278. 1280, 1281
Cretinism see Hypothyroidism mcconium ilcus equivalent, 629 Dens fracture, 1656 Diastematomyelia, 1652
Creutzfeldt-Jakoh disease, 456, 1797 mucoid impaction, 174 Dens hypoplasia. 1656-7 DICOM (digital imaging and
Crohn's disease, 621-4, 991, 994, 995, pancreatic disease, 789, 791, 820 Dental abscess, 1532 communication in medicine),

1 353 pneumothorax, 165, 167 Dental caries. 1531-2, 1535 1 842, 1843
aphthous ulceration, 648, 649 small bowel Dental charting, 1531 Diethylocstradiol (DES) exposure,
children, 870, 872, 883 i nvolvemcntlmalabsorption, 629 Dental cysts uterine abnormalities, 1087,
colonic disease, 621, 648-9 Cystic hygroma, 68, 81, 262, 1056, apical/radicular, 1542. 1543 1 088
duodcnitis, 586 1 057 dentigcrous/follicular, 1542, 1543 Diffuse idiopathic skeletal hyperostosis
gastric involvement, 580 neck. 1501 primordiallodontogenic keratocyst, ( Forcstier's disease, senile
gastrointestinal malignancy soft tissues, 1426, 1427 1 542, 1543 ankylosing spondylitis), 1221

associations, 625, 649 Cystic pncumatosis (pneumatosis Dental eruption, 1532 Diffuse infiltrative lymphocytosis
i nflammatory polyps, 637, 638 cystoides intestinalis), 687 Dental radiographic techniques, 1531 syndrome (DIES). 882
joint disease, 1216, 1221 Cysticercosis, 51, 1437 Dentate nuclei calcification, 1623 Diffuse liver disease, 755-6,764-9,
non-caseating granulona, 648 brain infection, 1790, 1804 Dentigerous (follicular) cyst, 1542, 779
peritoneal abscess, 633 i ntracranial calcification, 1633, 1 543 Diffuse lung disease. I, 17-18, 19,
postinflammatory polyposis. 649 1 634 Dentine, 1531 1 87-214
postoperative appearances, 622-3 Cystinuria, 967 Dermal sinus, 1651 Diffuse oesophageal spasm, 550, 552
radionuclide imaging, 659, 660 Cystitis Dermatomyositis/polymyositis, 197 Diffuse sclerosis (Schilder's disease),
small bowel disease, 617, 621-2 acute bacterial, 991 diffuse lung disease, 199, 200 1 800

obstruction, 618, 673 chronic, 991 soft tissue calcification, 1439, 1440 DiGeorge syndrome, 65
surgery. 651 emphysematous, 687-8, 991 Dcrmoid cyst (henign cystic tcratoma), Digital cardiac angiography imaging,
toxic megacolon, 648 encrustation, 993 1 079, 1085, 1091, 1103-4 407
ulcerative colitis differentiation, 650 focal, 991 hone lesions, 1306, 1308 Digital ischacmia, 433

Cronkhitc-Canada syndrome. 627, haemorrhagic, 993 i ntracranial, 1764-5 Digital mammography systems,
638-9 i nterstitial, 993 calcification, 1629. 1631 1 452-3

Croup (laryngotrachcohronchitis), 161, viral, 991 l acrimal gland, 1592 Digital obstetric ultrasound systems.
1 497 Cystocele, 994 mediastinum, 66 1 041

Crouton's disease (hereditary Cystography, 898-9, 927 orbit, 1582-3 Digital subtraction angiography,
craniofacialdysostosis), 1624 radionuclide, 917-18,920-I ovary. 1082-3 415-16

Crown-rump length, 1041, 1044 Cylomegalovirus, 586, 729, 790 presacral space, 654 arch aortography. 1677
Cruciatc ligament damage, 1235, 1238 acute pancreatitis. 820-I skull erosion, 1635, 1636 carbon dioxide. 416, 417
Cryptococcosis (torulosis), 146, 149, colitis, 652 spinal dysraphism, 1651 carotid/cerebral vessel imagi ng.

1 54, 157, 1786, 1787, 1793 encephalitis, 1793 spine, 1667 1 675-6
Cr_vptococcus aeu%onrums, 1 46, 157, i ntiacranial calcification, 1633 Desmoid tumour i ntravenous, 416, 417

880,882 ocular infection, 1592 chest wall, 69 complications, 1678
Cryptogenic fibrosing alveolitis oesophagitis, 558, 559, 866 familial polyposis coli. 626, 627. 639 phlebography, 483

(unusual interstitial pneumonia, 88, 137, 157, 260 ovary, 688 spine, 1648
pneumonitis), 204-6 small bowel infection. 628 peritoneal cavity, 633 Digital workflow. 1841-4

Cryptogenic organizing pncumonitis Cytotoxic drugs, pulmonary toxicity, soft tissues, 1443-4 acquisition devices, 1843-4
( COP), 173, 174 210 Dcsmoplastic fibroma, 1287-8, 1289 E-mail, 1844

Cryptorchidism (undesccndcd testes), Desquanative interstitial pneumonitis, electronic patient record (EPR),
1 022, 1028, 1033 204 1 842

Crvlnosporidiron, 586, 628, 729, 821. Detrusor function, 921 electronic remote requesting system
870 Detrusor instabilityloveractivity, 921 ( RRS), 1842-3, 1844

Curtis-Fitz-Hugh syndrome, 1081 Dacroadcnilis, 1594 Diabetes mellitus, 403. 976 hospital information system (HIS).
Cushing's disease, 49 Dacryocystography, 1573, 1594 contrast media risks, 420, 421, 927 1 842

adrenal tumour embolisation, 458 Dactylosis spontanca (ainhum), 1177 i nfections, 979, 1163, 1432 i mage librarylmuseum, 1844
osteoporosis, 1358, 1359 Dandy-Walker syndrome, 1053, 1054, pancreatic ultrasound, 820 imaging equipment standards, 1842,

Cushing's syndrome, 66, 495, 826. 1 060, 1728, 1729, 1809, 1810 vessel calcification, 412, 1435 1 843
839-40, 1539 Dandy-Walker variant, 1730 Diagnostic peritoneal lavage (DPL), integration, 1841-2

adrenal cortical adenoma, 835, 839 De Morsier's disease (septo-optic 691-2 web-based, 1842
adrenal cortical carcinoma, 835, 839 dysplasia), 1731 Diagnostic pneumothorax, 2 on-line journals. 1844
adrenal scintigraphy, 831, 833 do Quervain's (subacute) thyroiditis, Dialysis radiological information system
adrenal tumour embolisation. 458 1 507, 1514 acquired arthropathy. 131 l, 1312, (RIS), 1843
micronodula' adrenal dysplasia, 840 Deep central vein lipona, 490 1 313, 1365 speech recognition dictation system,
osteoporosis, 839 Deep vein thrombosis, 483, 486-7, acquired renal cysts, 952 1 844

Cutis laxa, 162 503-4, 505. 506 Dialysis access grafts (fistulas), 467-8 steps, 1841
Cystadcnocarcinoma, hiliary tract, 732 C-reactive protein assay, 483, 485 thrombolysis, 456 teaching modules, 1844
Cystadenoma i nferior vena cava filters, 453 venous scents, 452 Dilated cardiomyopathy, 299, 322-3,

biliary tract, 732, 769 thrombolysis, 456 Diaphragm, 6-7, 8, 13 403
liver, 780 Dcfecography (evacuation congenital abnormalities, 254-6 Diploic vascular markings, 1619

Cystic adenomatoid malformation of proctography), 637, 654 elevation, 52-3, 227 Direct arteriography, 418
lung, 252-3, 254 Degenerative aneurysms, 424-5 movement, 52 carotidlcerebral vessels, 1676-8

fetal sonographic detection, 1057 Degenerative arthritis see Osteoarthritis normal variants, 51-2 Disciform lesions, 1556
Cystic angiomatosis of bone, 1300, Degenerative disc disease, 1376, 1643, thickness, 53 Discitis, infective, 1162, 1163

1 303 1 644, 1662 traumatic lacerationlrupture, 54, Discography, 1228, 1649
Cystic duct, 711 degenerative changes, 1663 218, 560, 563 Discoid meniscus, 1235, 1236

developmental anomalies, 712 disc prolapse, 1662-3 t umours, 53 Dissecting aneurysm
Cystic fibrosis, 34, 72, 165, 166, 1058 postoperative changes, 1663-4 Diaphragmatic eventration, 52, 255-6, i nternal carotid artery. 1704

bronchial artery embolisation, 248 spondylolisthesis, 1658 863,865 see also Aortic dissection



Disseminated encephalomyelitis/ Dual X-ray absotptiontetry, 1351 Dysmyelinating disorders. 1799 Doppler ultrasound. 471

I eucoencephalitis, acute, 1791 Duchenne muscular dystrophy, 1434 Dysplasia cpiphysealis pseudogestationsal sac, 1044

Disseminated infiltrative lymphocy(ic Duct ectasia, 1470 hemimelica (tarsoepiphyscal aclasis: rupture, 688
syndrome. 26(1 Ductal carcinoma in situ. 1469-70, Trevor's disease). 1136-7 Ectopic lesis, 493

Diverticula, gastrointestinal 1 471, 1477 multiplex (multiple epiphyseal Ectopic thyroid tissue. 1504. 1506

haemorrhage, 454 Ductography, 1482, 1483 dysplasia), 1135-6 Ehlers-Danlos syndrome. 73, 75, 162,
Diverticular disease. 644-6 Dumping syndrome, 608. 610-I 1 punctata (chondrodystrophia 1 63. 309. 488, 937. 1439-40.

Divcrticulitis. 633. 645, 646. 991 gastric motility investigation, 61 l, calcificans congenita: 1 655
Diverticulosis, 441. 645 612 chondrodysplasia punctata), Eisenmenger's syndrome. 287-8. 369,

Dolicephalic skull. 1624 Duodenal at'esia, 855, 1057-8 1 1 34-5 370

Dopamine transport system imaging, Duodenal disorders in children, 866 Dysplastic enrutoepithelial tumour, Elastography, 1833

1 815-16 Duodenal displacement, 599 1 805 Elbow joint imaging, 1243-4

Doppler equation. 460 Duodenal diverticuluni, 604 Dysraphism. 1651-2 Elbow trauma. 1407

Doppler ultrasound, 460-72 Duodenal duplication cyst, 590 Dystrophia ntyotonica, 1640 Elderly people

abdominal vessels, 468-9 Duodenal extrinsic involvement, 601-2 gastric ulcer. 581

aorta. 472 Duodenal haemangiona, 590 plain chest film. 28-9
carotid artery stenosis, 46_3-5 Duodenal haematoma, 630, 866 E Elcctrocardiographically (ECG) gated
echo-enhancing agents, 462 Duodenal liponta, 589-90 blood pool scan, 3 19

equipment, 460-2 Duodenal liposarcoma, 590 E-mail for digital workflow, 1844 Elect rogastrography, 609

colour Doppler. 461 Duodenal obstruction, neonate. 855-8 Ear Electronic patient record (EPR), 1842

continuous-wave Doppler, 460 Duodenal polyps, 588. 589 carcinoma. 1611-12, 1614 Electronic remote requesting system

Duplex Doppler, 460-I Duodenal stenosis, congenital, 855 congenital deformities. 1600-5 ( RRS). 1842-3, 1844

power Doppler. 461-2 Duodenal stromal tumours, 588 petrous temporal hone imaging Ellis-van Crevald syndrome

eye. 1553-4 Duodenal ulcer, 579.581,583-4 techniques. 1597-600 ( chondrocctodermal dysplasia),

fetoplacental/uteroplacental Helit obackv polar, i nfection. 578 Eastern equine encephalitis, 1792 931, 1 109, 1 142, 1 144, 1145,

circulation, 1046-7 upper gastrointestinal haemorrhage, Ebslein's anomaly, 398 1 537, 1540
gastric motility, 609 440 Echinococcosis see Hydatid disease Emholic agents. 456. 171(1-I 1
i nferior vena cava. 472 see also Peptic ulcer disease Echinocncrus,~ranulosus. 1 51. 771 Emholisation, 447, 456-60
i ntracranial vessels, 463-5. 1723 Duodenal villous tumour, 588-9 Erhinococcus muhilocularis, 771 acute hacniorrhage, 456-7

obstetric examinations, 1039 Duodenal web, 604, 855, 856 Echo-enhancing agents, 462, 1835-6 arleriobiliary communication
ovarian blood flow, 1(171, 1072 Duodenitis, 585-7. 866 Echocardiography. 273-7 ( haemohilia). 735

paediatric abdomen, 851 Duodenum. 575-612 aortic coarctation, 380, 382 carotidlvertebral artery test

pancreatic adenocarcinoma, 814 anatomy, 577-8, 615 aortic valve regurgitation, 327 occlusion. 1711

pelvis examination methods, 575-6 aortic valve sfenosis, 326-7 cerebral artcriovenous nallormation,
female, 471 Duplex kidney. 933. 934-5 atrial septal defect. 375 1 710. 171 1. 1714-15

male. 471-2 Duplex ultrasound atrioventricular septa) defect, 375, cerebral tumours, 1716

peripheral arteries, 466-8 angioplasty assessment, 449 390 complications, 459-60, 1714

portal hypertension. 767 arterial imaging. 412 cardiac tumours, 336, 337 direct percutaneous procedures in
principle, 460 equipment. 460-I cardiomyopathy head and neck. 1721

recent technical advances, 1833-4 erectile dysfunction, 906. 1035-6 dilated, 322 ducal arteriovenous malformation

renal vein thrombosis, 965 hepatic vein thrombosis hypertrophic, 324-5 (dural artcriovenous fistula),

stenosis measurement. 463 (Budd-Chiari syndrome), 768 congenital cardiac disease, 363. 364. 1 699-700

tanscranial, 462.465-6 intracranial vessels. 1723 405 cpistaxis. 1712

uterine arteries. 1071 portosystemic shunt patency l eft-to-right shunts, 369 glomusjugulare tumour, 1705
venous, 503-5 assessment, 769 continuous-wave imaging, 274,275 head and neck tumours, 1716

vertebral artery stenosis, 415 Duplex ureter, 933-4 contrast technique. 276-7 i ndications. 456
see also Colour flow ultrasound: Duplication cyst, 859 examination procedure. 274, 275-6 i ntracranial aneurysmns. 1712-14

Duplex ultrasound: oesophagus, 564 fetal, 403-4, 1055 liver trauma, 697, 698

Echocardiography small bowel, 866-7 M-mode imaging, 274, 275 liver tumours, 443, 742, 744, 745-6

Doppler-based indices, 463 stomachlduodenum, 590 mural valve regurgitation. 329. 330 liver vascular lesions. 744

Dorsal meningeal artery, 1680 Dural artcriovenous fistula (dural mitral valve stenosis, 328 organ function ablation. 458-9

Double aortic arch, 4(10, 853 artcriovenous malformation), myocardial infarction, 321 pelvic arterial injuries, 708

Double bubble sign, 855 1 648, 1698-700 patent ductus arteriosus, 377 post-prostatectonty haemorrhage,

Double decidual sac sign. 1044, 1047 cavernous malformation, 1568-9 pericarditis/pericardial e0Tusion. 906.908
Double inferior vena cava, 489, 491 endovascular treatment. 1716, 1717, 332-3 renal areriovenous abnormalities,

Double superior vena cava, 498 1 718 pulmonary stenosis, 379 907
Double-inlet ventricle, 367, 392. 393 spine, 1719. 1720 pulsed-wave imaging, 274, 275-6 renal cell carcinoma, 906, 907

Double-outlet ventricle, 367. 399 percutaneous embolisation, sinus of Valsalva fistula, 399 renal tract trauma, 703
Down's syndrome see Trisomy 21 1 699-700 stress see Stress echocardiography spinal cord artcriovenous shunts,

Dracwtcuhts aiecliuen.sis ( guinea selective external carotid tetralogy of Pal lot, 383 1 719, 1720
worst), 1437 angiography, 1683 thoracic aorta pathology. 339 splenic artery. 752

Drash syndrome, 874 Dural calcification, 1622-3 total anomalous pulmonary venous splenic trauma. 694

Dressler's (post-myocardial infarction) Dural ectasia. 1654-5 connection, 397 testicular vein. 9(16, 909

syndrome, 87, 298. 299, 321 Dural sinus thrombosis, 1705 transoesophagcal, 276, 318-19 transvenous, 497

Driller's disease (vibration syndrome), Dynamic cystography, 898 transposition of great arteries, 387 traumatic carotid-cavernous fistula,

1 3811 Dysharic osteonccrosis (Caisson transthoracic. 318 1 711-12

Dromedary diaphragm, 52 disease), 1191 1 385 truncus arteriosus, 398 t umour management. 458

Drug-induced oesophagitis, 559 Dyschondroplasia, 1249. 1275-6, 1281 t wo-dimensional imaging. 273 uterine arteries, 1092
Drug-induced osteomalacia, 1353 Dyschondrosteosis (Leri-Weil anatomical planes. 274, 275 varicocele. 1024. 1025

Drug-induced osteonccrosis, 1 181 syndrome). 1108, 1109, 1144, ventricular septa) defect, 372-3 vascular abnormalities, 458
Drug-induced osteoporosis, 1366 1 1 45 Ectodermal dysplasia, 1108, 1539-40 vertebral tumours, 1720, 1721

Dru=induced pancreatifis, 790 Dysembryoplastic neurocpithelial Ectopia lentil, 1554, 1555 Emholas

Drug-induced pulmonary disease, tumour. 1747 Ectopic kidney. 423 cerebral. 1700

209-10,211 Dysgerminoma, 1083 Ectopic pancreatic tissue. 590-1. 790 t hrontholysis indications, 455

Drusen, 1556 Dyskinetic ciliary syndromes, Ectopic pregnancy, 1045, 1047-8, Emhospheres, 1710. 1717

Dual photon ahsorptiontelry, 1351 congenital. 152 1 (179 Embryonal cell carcinoma. 66



Embryonal cell sarcoma. 879 Endoscopic retrograde lacrimal gland, 1592 branches, 1683
Embryonal rhabdomyosarcoma, 879 cholangiopancreatography orbit, 1582-3 congenital anomalies, 1688
Emphysema, 33, 168-72 (ERCP), 719, 787, 806-9 presacral space, 654 normal angiographic findings, 1683

bullous, 42, 168, 169-70 chronic pancreatitis, 791, 792 spinal dysraphism, 1651 External ear, congenital abnormalities,
centriacinarlcentrilobular, 168, 171 pancreatic adenocarcinoma, 792 testes, 1028 1 601, 1604-5
chronic bronchitis, 167, 170-1 pancreatic pseudocyst, 792 Epidermolysis bulloua, 549, 559 External iliac lymph nodes, 512
compensatory, 168, 172 Endoscopic sphincterotomy, 733 Epididymal adenomatoid tumour, 1026 Extracorporeal membrane oxygenation
congenital (congenital lobar Endoscopic ultrasound, 1835 Epididymal appendix torsion, 1027 (ECMO), 258-9

overinflation), 251-2 biliary tract, 717 Epididymal cyst, 1023-4 Extracorporeal shock-wave lithotripsy
definition, 165 equipment, 544 Epididymis, 890 (ESWL), 725, 905-6, 969
i ntestinal, 687 gastric carcinoma staging, 594-5 post-vasectomy appearances, 1024, Extradural empyema, 1520
lung scintigraphy, 41-2 gastric varices, 572 1 025 Extradural hacmatoma, 1389, 1390,

ventilationlperfusion (VQ) oesophageal cancer staging, 567 Epididymitis, 1023, 1024-6 1 779
i maging, 39, 40 oesophagus, 544 Epididymo-orchitis, 471, 1034 Extrahepatic bile duct, 711

mediastinal, 221 pancreas, 787, 821 Epidural abscess, 1785 developmental anomalies, 712
obstructive, 28, 168, 171-2 stomach/duodenum, 576, 577 Epidural haematoma, acute, 1658, 1659 ultrasound, 716-17

children, 260, 261 Endosteal apposition of bone (`bone Epidural space, 1650 Extramedullary haemopoiesis, 78-9,
panacinar, 168-9, 171 within a bone'), 1324 Epiglottis, 543 85, 1321
paracicatricial, 168 Endosteal cortical erosions, 1344 Epilepsy, 1804-7 sickle cell disease, 1323
paraseptal, 168 Endotracheal intubation, 234, 292 classification, 1804 thalassacmia, 1322
pulmonary interstitial, 221, 243 Endovascular aneurysm repair, 452, cortical developmental Extraocular muscles, 1574

premature infant, 257 453, 1712-14, 1715-16 malformations, 1804, 1805-6 l ymphoma infiltration, 1579-80
subcutaneous, 217, 218, 221, 243, Endovascular neuroradiological cortical scars, 1804, 1805 rhabdomyosarcoma, 1579

244 procedures, 1707-21 functional imaging. 1807 Extrapyramidal movement disorders,
surgical, 50-1, 79, 1433-4 angioplastylstenting hippocampal sclerosis, 1804, 1805, 1 795, 1796-7

Emphysematous cholecystitis, 686, extracranial vessels, 1709-10 1 806 Extrinsic allergic alveolitis, 36, 195-7,
687, 713, 714,723 i ntracranial arteriosclerotic neoplasms, 1804, 1805 1 98

Emphysematous cystitis, 687-8, 991 disease, 1710 neurosurgery, 1806-7 Eye, 1551-66, 1587-92
Emphysematous enterocolitis, 687 carotid/vertebral artery test positron emission tomography anatomy, 1551-3, 1574-5
Emphysematous gastritis, 687 occlusion, 1711 (PET), 1831 foreign bodies, 1566
Emphysematous pyelonephritis, 688, cerebral arteriovenous regional cerebral blood flow i nfection, 1591-2

942,943 malformations, 1714-15 i maging, 1815 ocular masses, 1560-4. 1589-91
Empty sella, 1637, 1766 cerebral vasospasm, 1708-9 vascular lesions, 1804, 1805, 1807 metastatic tumours, 1560, 1590
Empyema dural arteriovenous shunts, 1716, Epiloia see Tuberous sclerosis shape/size disorders, 1587-9

chest, 45, 87, 91-2, 94, 95, 98, 225-6 1 717. 1718 Epiphyseal injury, 1383, 1384 `tenting' of globe, 1587
percutaneous drainage, 45-6 intra-arterial chemotherapy, 1719-20 Epistaxis, 1712 trauma, 1564-6, 1575-6
tuberculosis, 141 intra-arterial thrombolysis, 1707-8 Epithelial bladder tumours, 995 globe rupture, 1565
urokinase instillation, 92, 96 i ntracranial aneurysms, 1712-14 Epithelioma, skull erosion, 1636 ultrasound imaging, 1551, 1553-4

epidural, 1785 spinal embolisation, 1720-1 Epstein-Barr virus, 242, 260. 1336, B-scan, 1553
gallbladder, 686, 722, 723 spinal cord arteriovenous shunts, 1 528, 1753 clincial applications, 1554-66
subdural, 1785 1 719, 1720 Erectile dysfunction, 906. 1035-6 Doppler techniques, 1553-4

Enamel, 1531 vertebral tumours, 1720, 1721 Ergot poisoning, 435 i ndications, 1554
Encephalitis, vital, 1792 technical aspects, 1707 Erosions
Encephaloccle, 1051, 1625 traumatic carotid-cavernous fistula, ankylosing spondylitis, 1219, 1220
Encephalomcningocele, 1728 1 711-12 gout, 1229-30
Encephalotrigeminal angiomatosis see tumour embolisation, 1716-19 osteoarthritis, 1226

Sturge-Weber syndrome vein of Galen aneurysm, 1715-16 psoriatic arthritis, 1216 Facial bone fracture, 1389-91, 1575
Encrustation cystitis, 993 Endovascular ultrasound Reiter's syndrome, 1217 Facial lymph nodes, 510
Endocrine disorders see I ntravascular Ultrasound Erythroblastosis fetalis (haemolytic Faecal occult blood testing, 644

fibrous dysplasia, 1 134 Engelman's disease, 1640 disease of newborn), 1325-6 Fahr's syndrome, 1634. 1798
osteoporosis, 1358-66 Enostosis (bone island), 1254, 1256 Escherichia coli, 651, 687, 870, 1024, Fallopian tubes, 1070, 1104

Endodcrmal sinus (yolk sac) tumour, 66 Enlamoeha histolytica, 771, 880, 1790 1 785 Fallot's tetralogy, 9
Endometrial abnormalities, 1077-8 biliary tract infection, 731 pneumonia, 133, 259 False aneurysm
Endometrial carcinoma, 1078, 1101-2 l ung infection, 150 urinary tract infection. 941, 942, Doppler ultrasound, 467
Endometrial hyperplasia, 1077-8, Enteric cysts, 252 944,979,991 iatrogenic, 422, 431, 449

1 087, 1088 Enteroclysis (small bowel enema), Escherichia coli 1 057, 872 stent insertion, 451
Endometrial polyp, 1077, 1087, 1088 616-17 Ethanol embolisation, 456. 458, 1710 ultrasound-guided compression.
Endometrioid carcinoma, 1082, 1090-I Enteropathic spondyloarthropathies, Ethmoid mucocele, 1522 467
Endometrioma, 1095 1 221 Ethmoid sinus, 1520 Falx, arterial supply, 1680
Endometriosis, 1079-80, 1084, 1085, Eosinophilic colitis, 652 Evacuation proctography Familial basal ganglion calcification,

1 095-6 Eosinophilic gastritis/gastroenteritis, (defecography), 637, 654 1 798
i nterna (adenomyosis), 1075-6, 580,628 Eventration of diaphragm, 52, 255-6, Familial hypophosphataemia, 1356

1 077, 1089, 1096-7 Eosinophilic granuloma, 49, 1637 863, 865 Familial hypophosphatasia (vitamin
large bowel involvement, 653 skeletal abnormalities, 1340-2 Ewing's sarcoma. 1315, 1317-20 D-resistant rickets), 1353-4
ureter involvement, 980 see also Langerhans' cell jaws, 1546, 1547 Familial polyposis coli, 633, 639, 871

Endometrium, 1070 histiocytosis orbit, 1569 colon cancer risk, 639
hormonal responses, 1073 Eosinophilic pneumonia, 16, 17 paravertebral mass, 77 colorectal polyps, 639
thickness measurement, 1070 Epanutin teratogenesis, 1 107 periosteal new bone, 1154 desmoid disease, 626, 627, 639

Endomyocardial fibrosis, 325, 403 Ependymal cell tumours, 1744-6 spine, 1660 gastroduodenal polyps, 589
Endoscopic bile duct interventions, Ependymal cyst, 1730-1 Exercise-induced compartment small bowel adenomas, 626

733-5 Ependymitis, 1784 syndrome, 1425 Fanconi's anaemia, 879. 1108, 1109,
Endoscopic monitoring, magnetic Ependymoma, 1630, 1666, 1744-6 Exomphalos (omphalocele), 864, 1 327

resonance imaging (MRI), Epidermoid cyst 1 058, 1059 Farmer's lung, 195, 197
1 446-7 i ntracranial, 1763-4 External carotid artery Fascia of Zuckerkandl, 886

Endoscopic pyclosis (endopyelotomy), calcification, 1629 anomalous communications with Fat embolism, 220, 243
903 skull erosion, 1636 vertebrobasilar system, 1689 Fat necrosis, breast, 1457, 1473, 1474



Fatty liver, 742, 754, 755, 756, 765, cryptogenic (unusual interstitial Foreign bodies use in pregnancyllactating women,
779. 785, 839 pneumonitis). 204-6 i nhaled. 5. 260, 261 482

FDG-PET see Positron emission l ung transplantation, 240, 242 i ntracranial, 1781-2 Gadolinium-DTPA contrast
tomography (PET) rheumatoid disease, 198-9 i ntraocular, 1566 digital subtraction angiography

Feline oesophagus, 556 Fibrosing mediastinitis, 80, 85, 145, i ntravascular, retrieval. 447 (DSA), 416
Female infertility. 1084. 1085 1 48, 161. 499. 500 orbit, 1577. 1578 paediatric imaging, 851
Female pelvic anatomy, 1069-71 Fibrothorax, 97 small bowel obstruction, 618 Gadoxetic acid contrast agent, 778
Feminising syndrome, 835 Fibrous cortical defect, 1249, 1287, soft tissues, 1432-3 Galactoccle, 1462, 1463
Femoral artery 1 288 upper aerodigestive tract. 570. Galactosaemia. 879

atheromatous disease, 429 Fibrous dysplasia, 49, 1114. 1130-4, 865-6, 1495, 1496 Galeazzi fracture, 1407, 1408
cathcterisation, 357,418 1 249 Forestier's disease (diffuse idiopathic Gallbladder
congenital anomalies, 423 complications/endocrine disorders, skeletal hyperostosis: senile anatomy. 711

Femoral artery aneurysm, 426 1 1 34 ankylosing spondylitis), 1221-2 cholesterol deposits, 715
Femoral artery angioplasty, 447, 448, jaw lesions, 1534, 1535-6, 1544 Fractures, 1371-87, 1389-416 developmental anomalies, 712

449 petrous temporal hone involvement, arterial injury, 1381-2 mural calcification (porcelain
Femoral nerve palsy, 422 1 614 avulsion. 1377. 1378, 1379 gallbladder), 713, 724
Femoral phlehography, 489 skull erosion, 1639 ' butterfly' fragment, 1371, 1372 mural gas, 713, 714
Femoral vein, 485, 486 skull local hyperostosis, 1640 childhood, 1383-5 polyps. 715, 716
Femur fracture. 1379 Fibrovascular oesophageal polyp. 564 battered child, 1384-5 spontaneous perforation, childhood,

distal, 1411 Fibula. congenital pseudarthrosis, 1114 growth arrest classification, 1384 722
ncck/intertrochantcric, 1378, 1411, Fifth metatarsal base avulsion injury, closed, 1371 trauma. 698-9

1 416 1 414 comminuted, 1371, 1372. 1373 ultrasound, 715
shaft, 1411 Filariasis, 88, 204, 516, 1474, 1475 complications, 1375, 1376 Gallbladder adenomyomatosis

Femur length, 1042-3 Fine needle aspiration cytology delayed union, 1375, 1376 (cholecystitis glandularis
Femur, proximal focal deficiency adrenal gland. 830, 831 evaluation, 1374-5 proliferans), 724, 725

(congenitally short femur), breast. 1458, 1462, 1464, 1467, greenstick, 1372. 1383 Gallbladder carcinoma. 598, 724-5.
1 1 1 3 1 468, 1473, 1475 healing, 1374 783-4

Fetal blood sampling, 1048 stereotactic-guided, 1480-1 i maging problems, 1414-16 Gallbladder cholesterosis, 723-4
Fetal echocardiography. 403-4. 1055 ultrasound-guided, 1479-80 i ncompletelcomplete. 1371 Gallbladder disorders, 722-5

heart ratelrhythm, 404 cervical lymph nodes, 1516 malunion, 1374, 1377 i nterventions, 725
Fetal gender determination, 1049 l ung, 44 non-union, 1374, 1375, 1377 Gallbladder empyema, 686,723
Fetal growth. 1046-7 malignant mesothelioma. 103 oblique, 1371 Gallbladder hydrops. 881
Fetal heart rate, 404, 1055 mediastinal mass, 59 open. 1371 Gallium-67 imaging, 42
Fetal malformation pancreas, 820 pathological, 49, 1196, 1197, 1340. l ymph nodes, 515

cardiorespiratory system, 1055-7 adenocarcinoma, 814, 820 1 344-5, 1377 osteomyelitis, 1157-8
central nervous system. 1049-55 cystic tumours, 815 soft-tissue associated abnormalities, sarcoidosis, 189
cystic hygroma, 1056, 1057 paravertehral mass, 78 1 372-4 Gallstone empyema, 722
gastrointestinal system, 1057-9 salivary gland mass, 543, 1515 spiral, 1371 Gallstone ileus, 602. 673-4, 714
genitourinary sysem, 1059-61 thyroid nodule. 1505 stress, 49. 217. 1371. 1374. 1375, Gallstones. 722-3
magnetic resonance imaging (MRI), First branchial cleft cyst, 540 1 376-7, 1413, 1416, 1419 acute cholecystitis, 685, 723

1 066 Fistula-in-ano, 649, 655 terminology, 1371-2 acute pancreatitis, 790, 816
musculoskeletal system, 1061-3 Fistulation 'torus'l'huckle', 1371. 1372, 1383 calcified, 712-13

Fetal malpresentation, 1040 Crohn's disease, 649 transverse. 1371 children, 722, 881
Fibroadenoma, breast, 1456-7, 1464-5, diverticular disease, 645 Fragilatis ossium, 1625, 1626 computed tomography (CT), 717

1 466. 1467. 1468, 1473, 1474, Flail segment, 217 Francisella iularensi.s, 1 34-5, 136 gallbladder carcinoma association,
1 477 Flat foot, congenital, 1116, 1117,1118 Freiherg's infarction (osteochondritis 724

Fibrodysplasia ossificans progressiva Fleischner lines (plate atelectasis), 19 of metatarsal head), 1187 i nterventions, 725
see Myositis ossificans Fluke infection, brain. 1791 Frieberg's disease, 1378 operative cholangiography, 719

Fibrogenesis imperfecta ossium, 1126, Fluoroscopy Fricdlandcr's bacillus. 17, 132 oral cholecystography, 718, 719
1127, 1356 chest. 29, 247 Frontal lobe/frontotemporal dementia, small bowel obstruction, 618

Fihrolamellar carcinoma, 772 computed tomography, 31, 1837 1 796 types, 723
Fibrolamellar hepatoma, 757 congenital cardiac disease, 405 regional cerebral blood flow ultrasound, 715
Fibroma paediatric imaging, 247, 924-5 imaging, 1815 Gamna-Gandy bodies, 786

bone urogenital tract, 896-900, 924-5 Frontal sinus, 1520 Ganglioglioma, 1746-7
desmoplastic, 1287-8, 1289 Fluorosis. 49, 1368, 1369 mucocele, 1522 Ganglion, 1426
non-ossifying, 1287, 1289 Focal bacterial nephritis, 876 Frostherg's sign, 597, 601, 789 intraosseous, 1311-12, 1314

heart, 308, 337, 1056 Focal cortical dysplasia, 1805-6 Frostbite, 436, 455, 1385, 1438, 1439 Ganglion cell tumours, 75
l ung, 124 Focal nodular hyperplasia, 757-8, 761, Functional endoscopic sinus surgery, Ganglioneuroblastoma, 75
mediastinum, 69 770. 782. 785, 879 1 519. 1521 Ganglioneuroma. 834-5
oesophagus, 564 Follicular aspiration, 1092 Fungal infection calcification, 829, 834
ovary, 1082 Follicular (dentigerous) cyst, 1542, central nervous system, 1786-8 carotid sheath, 1502
pleura (benign mesothelioma), 100, 1 543 l ungs. 145-9. 157 ectopic ACTH production. 840

1 04 Fontan procedure, 393 mediastinal lymphadenopathy, 72 posterior mediastinum, 261
scrotum (extratesticular), 1026 Foot paranasal sinuses, 1522-3 Gangosa, 1175
trachea, 161 accessory bones, 1 1 14 pneumonia, 153, 260 Gardner's syndrome

Fihromuscular hyperplasia, 414. 432, congenital anomalies, 1114-17 pyelonephritis, 948 (ostcomatosis-intestinal
435 fusions, 11 17 ureteric inflammation, 978-9 polyposis syndrome), 639, 871

renal artery stenosis, 432, 480, 481 osteomyelitis, 1 161 colorectal adenomatous polyps,
Fibrosarcoma, 445 trauma, 1413-14 1 540

hone, 1288-90 Forearm abnormalities, 1062 G facial osteomas, 1254
heart, 337 Forearm fractures, 1407, 1408 gastroduodenal polyps, 589
l ung, 122, 129 around wrist, 1408 Gadobenate. 778 jawlteeth involvement, 1540
mediastinum, 69 Foregut duplication cyst. 252 Gadolinium-chelate contrast agents, Garre's osteomyelitis, 1 159
peritoneal cavity, 633 oesophageal extrinsic compression, 472, 473, 475 Gas gangrene, 1433, 1434, 1444
soft tissues, 1428 866 paediatric use, 482 Gas, soft tissues, 1433-4. 1444

Fibrosing alseolitis, 18, 34, 187, 204 obstruction in neonate. 853 safety, 481-2 Gas-forming infections, 687-8



Gastric atresia, 853 chronic, 579-80 Giant cell reparative granuloma, 1544. Graft-versus-host disease
Gastric cancer, 591-8, 739 emphysematous, 687 1 545 colitis, 652

advanced carcinoma, 592-3, 595, eosinophilic, 580 Giant cell tumour gastrointestinal tract involvement.

596,597 gastrointestinal haemorrhage, 440 hone, 1249. 1292-3, 1294 632
staging, 593, 594-5 i ntra-arterial vasoconstrictor t endon sheath, 1428 children, 870

early carcinoma, 591-2 i nfusion, 454 Giant cell-rich osteosarcoma, 1293, Granular cell tumour
gastric outlet obstruction, 669 l ymphocytic, 580 1 294 bronchial myohlastoma. 124
linitis plastica ("leather bottle' reactive. 579-80 Giant cisterna magna, 1730 choristoma (pituicytoma), 1765

stomach), 592, 593, 595 Gastro-oesophageal junction, 543, 544, Gianturco Z stent, 451.452 oesophagus, 564
metastases, 757, 777, 1251, 1253 554 Gianturco-Roehm bird's nest filter, Granulocytic sarcoma, 1529
risk factors, 591 gastro-oesophageal ring (B-ring), 453 Granulonias
screening, 591 554,555 Gianturco-Rosch Z stent, 734 dental pulp, 1532, 1536

Gastric cardia, 577 i nterior oesophageal sphinter Giardia, 587, 627, 870 paranasal sinuses, 1523
Gastric dilatation, 668-9 (A-ring), 554, 555 Gigantism,jaw, enlargement, 1538-9 solitary pulmonary nodule. 22, 36
Gastric disorders in children, 866 Z-line, 543, 554 Glandular fever see Infectious Granulomatous disease, chronic
Gastric displacement, 599 Gastro-oesophageal rellux mononucleosis ( Landing-Shirkcy disease), 152
Gastric diverticulum, 603 children, 864-5 Glaucoma. 1554 skeletal lesions, 1163. 1164, 1342
Gastric duplication cyst, 590, 853 see also Reflux oesophagitis Glioblastoma multiforme. 1743, 1744. ureteric malacoplakia, 979-80
Gastric extrinsic compression, 599, Gastroenterostomy, 604, 605, 607 1 745 Granulosa cell tumour of ovary, 1082

600 Gastrografin, 585 Gliomas. 1739 Graves' disease (diffuse toxic goitre),
Gastric haemangioma, 590 caustic oesophagitis, 559 grading, 1739 1 504, 1505, 1513
Gastric lipoma, 589-90 large bowel examination, 636-7 i ntracranial calcification, 1628, 1629 ophthalmopathy. 1567, 1579
Gastric liposarcoma, 590 oesophageal perforation, 571 l ocal skull bulging. 1639 Great vessel anomalies, 399-401,
Gastric lymphoma, 524, 598-9 paediatric abdominal imaging, 850 optic nerve, 1569-70, 1585. 1638 1 687, 1688
Gastric motility, 609-12 small bowel examination, 618 skull erosion, 1638 Great vessel trauma. 707-8

factors affecting, 610 small bowel obstruction, 620 Gliomatosis ccrebri, 1746 Greater trochanter
gastric emptying curve, 610 Gastrointestinal haemorrhage Globoid leucodystrophy (Krahhe's bursitis, 1426
i ndications Ior investigation, 609 i ntraarterial vasoconstrictor disease), 1801, 1802 tuberculosis, 1167
i nvestigation methods, 609 i nfusion, 454 Globulomaxillary cyst, 1544 Greenfield titanium filter, 452
liquid phase, 610 radionuclide imaging, 412 Glomerular filtration rate, 912-13 Greig's syndrome, 1626
normal ranges, 610 see also Lower gastrointestinal Glomerulonephritis, chronic. 976, 977 Groshong catheters, 454
postoperative. 610-11 hacmorrhagc; Upper Glomusjugularc tumour, 446. 1501, Gugliclmi detachable coils. 1710
radionuclide imaging, 609 gastrointestinal haemorrhage 1 599, 1759, 1760 Guinea worm ( Dracmr(ulus

i nterpretation, 611-12 Gastrointestinal masses angiography. 1705 meelinensis), 1 437
technique, 611 l ymphoma, 524-5 selective external carotid artery, Gunther tulip filter, 453

solid phase. 610 paediatric abdomen, 882-3 1 683 Gynaecological disorders, acute
Gastric obstruction Gastrointestinal tract embolisation, 1716-17, 1718 abdomen. 688

gastric dilatation. 668,669 l ymphatic tissue, 509 petrous temporal bone, 1609, 1610 Gynaecological imaging, 1069-104
neonate, 853-5 neonate, 851-64 skull erosion. 1636 computed tomography (CT), 1090-2
post-gastric surgery, 607 obstetric ultrasound, 1057-9 Glomus tumours, 1599 contrast studies. 1085-90

Gastric polyps older child, 864-74 bone, 1300, 1303 i nterventional radiology, 1092-3
adenomatous, 587-8, 591 trauma, 705-7 petrous temporal bone, 1609-10 magnetic resonance imaging (MRI).
hamartomatous, 589 Gastroschisis. 864. 865, 1059 soft tissues, 1428 1 093-104
hyperplastic, 587 Gaucher's disease, 49, 1180, 1181, Glomus tympanicum tumour-. 1 759 plain film, 1085

Gastric stasis, 61 L 612 1 344-5, 1346, 1347, 1366 angiography, 446, 1705 ultrasound, 1069-84
Gastric stromal tumours Gel foam embolisation, 456, 457, 458, petrous temporal bone, 1609, 1611 endovaginal, 1069

benign, 588, 589 459, 1710 Glomus vagale tumour, 1501 transabdominal, 1069
malignant, 599 Generalised Ifbromatosis, congenital angiography, 446

Gastric surgery, 604, 605, 606-9 (infantile myofibromatosis), Glossopharyngeal neuralgia, 1772
complications 1 288 Glottic turnouts, 1498

early, 606-7 Genitography, 925 Glucagonoma. 822
l ate, 607-8 Geodes embolisation. 458. 460 Hahenular commisure calcification,

gastric motility following. 610-11 ostcoarthritis, 1223 Gluten-sensitive entcropathy see 1 622
Gastric tumours rheumatoid arthritis, 1205, 1206, Cocliac disease Haemangiohlastoma

benign mucosal, 587-9 1 207 Glycogen acanthosis, 563 angi og raphy. 1705
benign submucosal. 58) 91 Germ cell tumours Glycogen storage disease, 720, 756, i ntracranial, 1757-8
malignant, 591-9 brain, 1754 879, 1366 spine, 1667
metastatic, 597-8 mcdiastinuin, 58, 66 type 1, 879 Haemangiocndothelial sarcoma see

Gastric ulcer, 578, 579, 581, 582-3 ovary, 883, 1081, 1082 Goitre, 1510 Angiosarcoma
geriatric. 581 malignant, 1083, 1084 multinodular, 1513 Hacmangiocndothelioma
giant, 581 retroperitoneum, 845 ' si mple' colloid. 1507 i nfantile, 771, 879
non-sleroidal anti infammatory dru g - testis, 1028 thyroid scintigraphy, 1504. 1507 mediastinum, 69

related, 578 classification, 1028 see also Graves' disease (diffuse Haemangioma, 49, 1473
upper gastrointestinal haemorrhage, Germinoma, intracranial, 1754 toxic goitre) bone, 1296-8. 1299. 1300, 1301,

440 Gerota'a fascia, 886 ' Golden S sign'. 27 1 302
see also Peptic ulcer disease Gestational age assessment, 1040, Gonadal veins, 493 choroid, 1563

Gastric varices, 572, 602-3, 779 1 041-3 Gonococcal urethritis. 1017 heart. 1056
Gastric volvulus, 599, 600, 668. 669, anatomical parameters, 1041 Goodpasture's syndrome, 208, 209 l arge bowel, 644

866 multiple fetal growth parameters. Gorham's disease (vanishing bone liver. 739, 743, 757, 769-70, 781-2.
Gastrinoma, 587, 794, 800, 815, 822, 1 043 disease), 1299-300. 1302 879

881 Gestational sac, 1040, 1041. 1043 Gorlin-Goltz syndrome, 1541 angiography, 443, 444
see also Zollinger-Ellison syndrome discriminatory size, 1043-4 Goundou, 1175 mediaslinum, 69

Gastritis, 577, 578-80 double decidual sac sign, 1044 Gout. 1229-31, 1233 neck, 1501
acute erosive, 579 growth rates, 1046 calcitic tophi, 1230, 1231, 1233. 1234 oesophagus. 564
atrophic, 591, 599 non-viable pregnancy, 1045, 1046 soft tissue deposits, 1438 orbit, 1568. 1580-1
children, 866 Giant cell arteritis, 436 unite calculi association. 966 globe, 1590



pancreas, 788
salivary gland, 540
skull erosion, 1636
small bowel, 625, 630
soft tissues, 1428, 1429, 1430, 1431.

1 443
calcification, 1436, 1437, 1443

stomach/duodenum, 590
trachea, 161
vertebrae, 1661, 1662

embolisation, 172(1, 1721
Haemangiopericytoma

angiography, 446
bone, 1300
i ntracranial, 1757
l ung, 122
mediastinum, 69
orbit, 1581-2

Haemarthrosis, 1347, 1348, 1373
Haematocele, 1027
Haematoma

breast, 1462
duodenum, 630, 866
i atrogenic, 422, 449
oesophagus, 571
pancreas, 788
soft tissues, 1422-4. 1444

calcification, 1439
stages of evolution, 1423

Hacmatopoietic disorders, skeletal
abnormalities, 1321-7

Haemobilia, angiographic
embolisation, 735

Haemochromatosis, 756, 779. 1366
cardiomyopathy. 299

magnetic resonance imaging
(MRI), 323

liver radiodensity enhancement,
741

Haemoglobinopathics, 962, 1541
Haemolytic anaemias, chronic, 78, 79,

1 321
Haemolytic disease of newborn

(crythroblastosis fetalis), 1325-6
Haemolytic uraemic syndrome, 872
Haemoperitoncum, 691, 693
Haemophilia, 88, 1346-9

i ntra-articular haemorrhage, 1347,
1 348, 1349

intraosseous haemorrhage, 1347
subperiosteal haemorrhage. 1347-9

haemophiltts influen ae, 1 52, 1785
pneumonia. 131, 133, 135, 136, 259

Haemopneumothorax, 95, 217, 218
Haemoptysis

bronchial artcriography with
embolisation, 47

pulmonary siderosis, 208
Haemorrhage

artcriographic diagnosis, 440
embolisation, 456-7

Haemorrhagic cystitis, 993
Haemorrhoids. 653

Haemosiderosis, 289, 302. 303
Haemospcrmia. 1005-6

Haemothorax, 88, 98, 217, 2 18, 219,
1 404, 1415

Hajdu-Cheney syndrome (acro-
osteolysis), 1124

Hamartoma
Brunner's gland, 590

fetal renal (mesoblastic nephroma),
962

hypothalamic, 1765-6, 1806
i ntracranial, 1732, 1 733
l ung, 22. 37, 123-4, 125. 126

inesenchymal, 879 Hepatic cyst. 758. 769, 780. 781 Herpes simplex type I encephalitis,
oesophagus, 564 congenital, 879 1 792

Hamartomatous polyps Hepatic fibrosis, congenital, 769 Herpes simplex type 2 encephalitis,
gastroduodenal, 589, 626-7 Hepatic focal nodular hyperplasia, 1 792-3
l arge bowel, 638 879 Heterotopias, 1735, 1736

Hamman-Rich disease, 204 Hepatic haemangioma, 879 Hexabrix. 420
Hampton's hump, 315 angiography, 443, 444 Hiatus hernia, 53-4, 58, 75-6, 85, 554,
Hand Hepatic portal vein, 753. 754, 755, 555, 556, 560-3

congenital defects, 1108-9 763-4 congenital, 254-5. 561863, 864,
osteoarthritis, 1225 i maging, 501-3 1 057
osteomyclitis, 1161 Doppler ultrasound, 468 fetal sonographic detection, 1056,
trauma, 1410-11 magnetic resonance angiography, 1 057
t uberculous dactylitis, 1168, 1 169 507 gastric ulcer, 581

Hand-Schiiller-Christian disease. thromhosis, 731, 768. 774. 779 mixed, 561
1 582, 1637 Hepatic vein, 753, 754, 763, 764 peptic stricture, 556, 557

Pulmonary involvement. 1343, 1344 cathcterisation, 751 rolling (paraoesophageal). 561
skeletal abnormalities, 1342-3 Doppler ultrasound examination, sliding, 554, 556, 560-I
.see a/so Langerhans' cell 469 surgery, 561-2

histiocytosis magnetic resonance angiography, Hicknian catheters, 454
Hangman's fracture, 1396-7 507 High-output cardiac failure,
Hartinanella acanihamoeba, 1 790 phlebography, 493 arteriovenous fistula, 440

Hashimoto's thyroiditis, 62, 828, 1507, Hepatic vein stenosis, stent placement, Highly-selective vagotomy, 608
1 514 452 Hilar enlargement, 27

Head circumference, 1042 Hepatic vein thrombosis (Budd-Chiari Hilar lymphadenopathy, 513
Head injury, 999, 1389, 1778-83 syndrome), 469, 493-4, 496, bronchial carcinoma, 108, 111, 115

computed tomography (CT) 507. 737. 751, 756, 767, 768-9, cystic fibrosis, 165
acute trauma, 1779-82 780 fibrosing alvcolitis, 205
i ndications, 1778-9 causes, 497. 507 Hodgkin's disease. 118,122,123

hearing loss, 1605-6 liver transplantation complication, l ymphoma, 527
i nfant, accidental/non-accidental 774 sarcoidosis, 188

trauma, 1811 thromholysis, 456 silicosis, 191
magnetic resonance imaging (MRI), transjugular intrahepatic tuberculosis, 141, 142-3. 144, 146

1 782 portosystemic shunt (TIPS), Hilar tumours, ventilationlperfusion
post-traumatic segnelae, 1782-3 453 ( VQ) imaging, 38, 39
regional cerebral blood flow Hepatitis, 765 Hill-Sachs (hatchet) defect of Numeral

i maging, 1815 alcoholic, 766 head, 1238, 1240, 14(15
skull fracture, 1389 viral, 765-6 Hilum

Head, large in infancy, 1728 Hepatitis A, 766 computed tomography (CT), 31, 32
Head and neck, lymphatic drainage. Hepatitis B, 766 plain chest film, 8

510-11 Hepatitis C (non-A, non-B), 766 small. 27. 28
Head and neck tumours Hepatobiliary masses. children, 878-81 tomography. 29

embolisation, 1716-19 Hepatoblastoma, 762. 878 Hilum overlay sign. 14
i ntra-arterial chemotherapy, 1719-20 Hepatocellular carcinoma (hepaloma). Hip dysplasia, congenital (congenital
l ymphoma. 526 740, 741, 743. 754, 756-7, 760, dislocation), 1109-13
positron emission tomography 761, 766, 772, 782-3, 785 arthrography, 1 I I 1-13

(PET), 1830, 1831 angiography, 444 Graf classification, I 110
Helicobacler prlori, 525, 578-9 biliary drainage/stenting, 734 i maging indications, 1 109

children, 866 children, 879 plain film radiology, 1110-11
duodenitis, 586 Doppler ultrasound, 468 ultrasound, 1109-10
gastric carcinoma, 591 emholisation, 458, 745 Hip fracture
gastric lymphoma, 598, 599 i ntra-arterial chemotherapy, 455, acetahulum, 1402-4
gastritis, 579 458 femoral neck, 1411

l ymphocytic, 580 Hepatolenticulardegeneration Hip joint
Heiniatrophy. 1641 (Wilson's disease), 1366, arthritis in infants (Tom Smith
Hemifacial spasm, 1772 1 797-8 arthritis). 1164-6
Hemihypertrophy, 874, 937, 976 Hepatomegaly, 737. 738, 764-5 i diopathic chondrolysis, 1367
Hemimcgalencephaly, 1728 Hereditary craniofacial dysostosis i maging. 1244
Hcmivertebrae, 1 108, 1119. 1653 (Crouton's disease), 1624 i rritable hip syndrome. 1 182
Henoch-Schonlein purpura, 202. 630, Hereditary haemorrhagic telangiectasia osteoarthritis, 1223-4

866, 870, 874 ( Oslcr-Weber-Rendu tuberculosis, 1 170
Heparin-related osteoporosis, 1366 syndrome), 316, 564, 743, Hip prosthesis looseninglinfection,
Heparinisation. 421. 448 1 712 1 242, 1243, 1244
Hepatic adenoma, 757-8, 761. 770, Hereditary multiple exostosis see Hippocampal sclerosis, 1804. 1805.

782,879 Diaphyseal aclasis 1 806
angiography, 443-4 Hereditary non-polyposis colorectal Hirschsprung's disease, 654, 850, 859,

Hepatic arteriovenous malformation, cancer (Lynch syndrome), 641 860-I
880 Hereditary tyrosinaemia. 879 Histiocytic lymphomas, 523

Hepatic artery, 753, 764 Hernia Histiocytosis X, 17, 1340-4
aneurysm, 468, 469 congenital jaw lesions, 1542
congenital anomalies, 423 lesser sac. 631 orbital involvement, 1580. 1582,
Doppler ultrasound examination, paracaccal, 631 1 584

468 paradaodenal (mesocolic), 631 skull involvement, 1637
embolisation, 455, 456, 458 small bowel obstruction, 618, 67(1, spinal involvement, 1660

trauma management, 697, 698 671,672-3 see also Langerhans' cell
liver transplantation-related see also Hiatus hernia histiocytosis

thrombosis, 774 Herpes simplex oesophagitis, 558. 866 Hisloplasnw rapsvlatum, 1 45, 157

I ndex



Histoplasmosis, 29, 145, 148, 157, Hydrocele, 1023, 1029 Hypertension reflux nephropathy. 947, 948
1 6L499, 826 Hydrocephalus, 999 renal artery stenosis, 964 heal faccolith (enterolith), 674

bowel infection, 627, 652 communicating, 1728, 1785, 1795 renal trauma sequelae, 975 Ilcoanal pouch, 650
central nervous system, 1786 congenital, 1728, 1807, 1809, 1810 Hyperthyroidism see Thyrotoxicosis Crohn's disease, 622, 623

mediastinal fibrosis, 80, 145, 148 low-pressurelnormal pressure, 1728, Hypertrophic arthritis see Osteoarthritis water-soluble pouchography. 650,
mediastinal lymphadenopathy, 70, 1 795, 1816 Hypertrophic cardiomyopathy, 299, 651

72 non-communicating, 1728 323-5,329 Ileocaecal valve, 636
pulmonary infection, 24, 25, 147 obstetric ultrasound, 1053 i nfantslchildren, 403 hyperplasia, 653

HL7 (health level 7). 1842 persistently open fontanels, 1624 Hypertrophic (pulmonary) Ilcosigmoid knot, 678

Hodgkin's disease, 511, 512, 513, post-traumatic, 1782 osteoarthropathy, 102, 113, Ileostomy enema, 617

521-3, 1330 Hydrolyser catheter, 456 1 231, 1359, 1360 Ilcum, 615

Ann Arbor staging system (Cotswold Hydronephrosis, 861, 970-1, 972, 976, periosteal new bone, 1 154 Ileus, 620-1

modification), 519, 522, 527 981 skeletal features, 1231, 1234 gallstone, 673-4, 714

cross-sectional imaging, 527, 528 obstructive causes, 970 Hypertrophic pyloric stenosis, paralytic. 620, 678-9, 688

i ntrathoracic, 118, 122, 123, 526 post-obstructive, 970 adultlinfantile form, 604 children, 871

l ymph node involvement, 70, 7 1-2, pregnancy, 971 Hyperuricuria, urate calculi association, gastric dilatation, 668

82 1 18, 122, 123, 522 Hydropneumothorax, 95, 100 966 Iliac artery

l ymphocyte-depleted, 522, 1330 Hydrops fetalis, 1056, 1058 Hypcrvitaminosis A, 1367-8 angioplasty. 446, 448

l ymphocyte-predominant, 522, 1330 i mmune, 1063 Hypochondroplasia, 1141-2 Doppler ultrasound examination,

mixed cellularity, 522, 1330 non-immune, 1062 Hypogammaglobulinaemia, 65, 152, 466

nodular sclerosing, 522, 1330 obstetric ultrasound, 1057, 1063 587 stenosis/thrombosis, 425, 426, 429,

skeletal lesions, 1330-1, 1332, 1333, Hydrosalpinx, 1 104 Hypoglossal artery, 1679, 1689, 1690 430

1 334 see also Pelvic inflammatory disease Hypogonadism, osteoporosis, 1358-9 Dacron grafts, 430, 431

somatostatin receptor scintigraphy, Hydrothorax, 87 Hypoparathyroidism, 1360-1 stent insertion, 451

661 Hydrometer, 970-I, 976, 981 basal ganglion calcification, 1361, Iliac horns, 1117

treatment, 522-3 pregnancy, 971, 973 1 634, 1798 Iliac vein, 486, 489

Hoffman-Rigler sign, 285 Hypaque, 419, 420 jawlteeth involvement, 1539 extrinsic displacementlobstruction,

Holoprosencephaly, 1054, 1809,1811 Hyperaldosteronism, primary Nee osteoporosis, 1360 491

Holt-Oram syndrome, 47, 1 107, 1108, Conn's syndrome soft tissue calcification, 1438 spontaneous rupture, 491-2

1 109 Hypercalcaemia, 790, 791, 1354 Hypophalangism, 1 107 stenosis, stent insertion, 452

Homocystinuria, 1366, 1367 chronic pancrcatitis, 818 Hypopharyngeal carcinoma, 1497, 1498 thrombosis, 489-90, 491. 492, 493

l ens pathology, 1554, 1555 hyperparathyroidism, 1507 Hypopharynx, 543 I mage library for digital workflow,

skeletal features, 1148-9 medullary nephrocalcinosis, 977 Hypophosphatacmia 1 844

Hookworm, 627 multiple myeloma, 1339 acquired, 1354 I mmature lung disease, 256

Hormone assay renal calculi, 965 familial, 1356 I mmotile cilia syndrome, 152

Conn's syndrome (primary Hypercalcuria Hypophosphatasia, 1353-5, 1626 I mmunocompromised patient, 210

hyperaldosteronism), 829 multiple myeloma, 1339 skeletal features, 1147, 1 148 childhood chest disease, 260

phaeochromocytoma, 829, 844 renal calculi, 965 Hypopituitarism, 1539 fungal pyelonephritis, 948

Horseshoe kidney, 861, 874; 913, 931 Hypercementosis, 1534-5 Hypoplastic left heart syndrome (aortic non-specific pneumonitis, 159

accessory arteries, 423 Hyperinflation, chest trauma, 220 atresia), 368. 394-5 ocular infections, 1592

Hospital information system (HIS), Hyperlipidaemia, 295 Hypoprotcinaemia, 87 oesophagitis, 557, 558

1 842 Hypernephroma see Renal cell Hypospadias, 1017 toxoplasmosis, 1788, 1789

Haglund's disease, 1210 carcinoma Hypothalamic neuronal hamartoma, see also AIDS/HIV infection

Human chorionic gonadolrophin. Hyperostosis frontalis interna, 1640-1 1 765-6 I mperforate anus, 790

ectopic pregnancy, 1047 Hyperoxaluria, 1366 Hypothyroidism, 47 I mplantation dermoid cyst, 1306, 1308

Human herpes virus 8 (Kaposi's nephrocalcinosis, 977 jaw/teeth involvement, 1539 I mpotence, 472

sarcoma associated herpes osteoporosis, 1366 neonate, thyroid scintigraphy, 1506 Incomplete abortion, 1045

virus; KSHV), 158 Hyperparathyroidism, 47, 48, 790, skeletal features, 1359, 1360, 1361 Indium-I 1 I-DTPA-labelled octreotidc

Human immunodeficiency virus (HIV) 842, 1362-6, 1514-15 Hypotonic duodenography, 789, 790 see Somatostatin receptor

see AIDSlHIV infection arterial calcification, 412 Hypoxic brain damage, 1781 scintigraphy

Human papilloma virus, 1526 brown tumours, 49, 1293, 1295, Hystcrosalpingo-contrast sonography, Indium-I 1 I-labelled leucocyte scan

Humerus fracture, 1406 1 363, 1364, 1539 462 arterial graft infection, 412

medial epicondyle avulsion, 1407 i ntracranial calcification, 1634 tubal patency assessment, 1084, i nflammatory bowel disease, 659

supracondylar, 1407 jawlteeth involvement, 1539 1 085 i nfra-abdominal sepsis, 682-3

Humerus hatchet deformity (Hill-Sachs nephrocalcinosis, 977 Hystcrosalpingography, 1085-90 osteomyelitis, 1158

defect), 1238, 1240, 1405 osteoporosis of skull vault, 1639 complications, 1086 Indwelling catheter balloon deflation,

Huntington's disease, 1797 primary, 1362, 1507, 1514-15 technique, 1085-6 905

Hurler's syndrome, 49, 1145-6 skeletal features, 1363-4 Inevitable abortion, 1045

Hurthle cell tumour, 1514 secondary, 1364, 1507 Infantile cortical hyperostosis (Caffey's

Hyaline membrane disease (respiratory basal ganglion calcification, ' disease), 1 192

distress syndrome), 17,256-7 1799 Infantile haemangiocndothelioma, 879

Hydatid disease (cchinococcosis), renal osteodystrophy. 1364, 1365 Idiopathic basal ganglion calcification, liver, 771

730-I temporomandibularjoint 1 798 Infantile myofibromatosis (congenital

biliary tract, 730-1 i nvolvement, 1546, 1548 Idiopathic coxa vara of childhood, generalised fibromatosis), 1288

bone lesions, 1174, 1 175 soft tissuelblood vessel calcification, 1 113,1114 Infectious enteritis. 627-8

brain, 1790-1 1 435, 1438 Idiopathic juvenile osteoporosis, 1126, Infectious mononucleosis, 72, 136. 790

liver, 758, 771-2, 780, 781, 879 tertiary, 1366, 1507 1 1 27, 1356-7 Infective aneurysm, 424

calcification, 740, 741 Hyperphalangism, 1 107 Idiopathic male osteoporosis, 1357 Infective colitis, 651-2

lung, 23,24, 151-2 Hyperplastic polyposis, 638 Idiopathic Parkinson's disease, 1816 I nfective discitis, 1162, 1163

pericardium, 308, 335, 336 Hyperplastic polyps Idiopathic pulmonary haemosiderosis, Infective endocarditis, 300, 303, 327,

skull erosion, 1639 l arge bowel, 637, 638 262 329, 330-1, 424

urinary tract, 946 stomach, 587, 589 Idiopathic pulmonary ossification. 214 Inferior cavernous artery, 1680

Hydatid of Morgagni (testicular Hypersensitivity pneumonitis see I diopathic scoliosis, 1121, 1 122 Inferior hypophyseal artery, 1680

appendix) torsion, 1027 Extrinsic allergic alveolitis Ileal atresia/stenosis, 858-9, 860 Inferior mesenteric artery

Hydatidiform mole, 1045 Hypcrsplenism, 459 Ilea] conduit, 1000, 1001, 1002 Doppler ultrasound, 472

Hydrancncephaly, 1054-5, 1734, 1809 Hypertelorism, 1626 loopography, 898 ilcocolic branches, 635



I nferior vena cava, 265, 266, 267 I ntermittent claudication, 429, 447 Intra-abdominal abscess, 681-3 Intramural small bowel haemorrhage,
congenital anomalies. 402. 489 li mb artery Doppler ultrasound, 466 I ntra-aortic balloon pump. 235, 361-2 630
Doppler ultrasound, 472 I nternal auditory meatus, 1597, 1598, Intra-arterial chemotherapy, 455 Intramuscular myxoma, 1426-7
extrinsic displacement, 491 1 599 head and neck tumours, 1719-20 Intraocular foreign bodies, 1566
obstruction, venous stent placement, I nternal carotid artery hepatic tumours, 443. 455 Intraocular lens implant, 1554, 1555

452 anomalous communications with Intracranial air, 1781 Intraoperative ultrasound
phlebography, 486. 489 vertebrobasilar system. Intracranial aneurysm, 1724, 1770-2 i slet cell tumours, 795
therapeutic interruption, 492 1 689-90 angiography, 1690-4 pancreas examination. 787
thrombosis, 489-90, 491, 492, 493, atheromatous stenosis, 429, 450, calcification, 1631 Intraosseous ganglion, 131 1-12, 1314

506 1 700-5, 1833 clinical presentation as tumour, Intraosseous geodes
trauma, 707 collateral circulation, 1700, 1702 1 694, 1695, 1696 osteoarthritis. 1223

Inferior vena cava filters. 452-3, 492, i maging, 1703-4 congenital berry aneurysm, 423 rheumatoid arthritis, 1205, 1206,
497 stroke risk, 1703 dissection, 1772 1 207

Doppler ultrasound assessment, 472 subcalvian steal, 1703 embolisation, 1712-14 Intrapulmonary lymph nodes, 10
I nterior vena cavography, 906 thrombosis, 1703, 1704-5 complications, 1714 Intraspinal masses, 1649

phaeochromocytoma imaging, 829 transient ischaemic attacks, 1700, i ntracranial haematoma, 1767 Intratuhular germ cell neoplasia, 1033
I nfertility 1 703 oculomotor pareses, 1691, 1693-4 Intrauterine adhesions. 1087, 1088

female. 1084, 1085 congenital anomalies, 1688-9 subarachnoid haemorrhage, 1690, I ntrauterine contraceptive devices
male, 1036 anomalous intrapetrosal course, 1 769 (IUCDs), 1073, 1074, 1075
treatment, Doppler ultrasound 1 689 cerebral vasospasm, 1709 magnetic resonance imaging (MR]),

monitoring. 471 dissecting aneurysm, 1704 I ntracranial arteritis, 1705 1 093, 1094
Inflammatory bowel disease, 646, 729 Doppler ultrasound, 461 I ntracranial balloon angioplasty, 1709 Intrauterine growth retardation, 471,

acute colitis, 679-80 fi bromuscular hyperplasia, 1704 Intracranial calcification. 1621-3 1 046-7, 1065
computed tomography (CT), 650 occlusion basal gangia, 1633-4 asymmetric, 1046
magnetic resonance imaging (MRI), i nfra-arterial thrombolysis, 1708 cerebral tumours, 1628-31 diagnosis, 1046

650 lest, 1711 i nfections/infestations, 1632-3 Doppler ultrasound of'
radionuclide imaging, 659-60 transluminal angioplasty, 450 metabolic disorders, 1633-4 fetoplacentalluteroplacental
ultrasound. 650 traumatic thrombosis. 1704 pathological, 1629 circulation. 1046-7
see also Crohns' disease; Ulcerative vascular stenls, 450 vascular lesions, 1631-2 symmetric, 1046

colitis I nternal carotidlcommon carotid Intracranial circulation I ntravascular foreign body retrieval,
I nflammatory bowel mass, children, (IC/CC) ratio, 463 carotid angiography, 1678-82 447

882-3 I nternal iliac lymph nodes, 512 cerebral veins, 1682-3 Intravascular stents, 451-4
Inflammatory myopathy, 1425-6 I nternal mammary lymph nodes, 511 congenital anomalies, 1688-90 arterial. 451
Inflammatory polyp I ntersex disorders, 1021, 1022 Intracranial foreign body. 1781-2 endovascular aneurysm repair. 452

l arge bowel, 637. 638 I nterstitial cystitis, 993 I ntracranial haematoma, 1700, 1767-8, venous, 452
oesophagogastric, 563 I nterstitial lung disease, 34-5 1 769 Intravascular ultrasound, 1835

Influenza pneumonia. 131, 135, 136, I nterventional neuroradiology, 1707-22 acute trauma, 1779-80 angioplasty success assessment, 449
137,259 direct percutaneous procedures, angiomatous malformation rupture. arterial imaging, 412

Informed consent 1 721-2 1 695 Intravenous cholangiography, 719
i nterventional vascular radiology, endovascular procedures see calcification, 1632 Intravenous urodynamogram, 922

447 Endovascularneuroradiological causes, 1767 Intravenous urography, 891-4
i ntussusception reduction, 850 procedures cxtracerebral, 1782 adrenal mass, 829

Infrapatellar bursitis, 1426 risks, 1707 i ntracranial aneurysm rupture, 1692, benign prostatic hyperplasia, 1005
I nfratemporal fossa lesions, 1498-503 I nterventional vascular techniques, 1 693 bladder cancer. 995, 996

congenitalldevelopmental anomalies, 446-60 Intracranial haemorrhage, 1389 children, 925
1 500-1 bile ducts, 735 neonate, 1807, 1810 contrast media. 927

I nguinal hernia, 859 central venous catheter insertion, perivcntricular leucomalacia, contrast reactions, 891, 893
Inguinal lymph nodes, 512 454 1 811 modifications, 893
Inhalation damage, 163, 195 i nformed consent, 447 pre-term infants, 1810. 1811 renal colic, 688

.see also Pneumoconioses i ntravascular stenls, 451-4 Intracranial lesions, 1723-66, renal trauma, 972
Inhaled foreign body, 5, 260, 261 scope of procedures, 447 1 767-816 shock nephrogram, 965
Inhaled irritant gases, 195 therapeutic embolisation, 456-60 congenital, 1727-34 ureteric calculi, 967, 968, 969
I nner ear, 1597, 1598, 1599 transluminal angioplasty, 447-51 neuronal migration disorders, I ntussusception, 1058

congenital abnormalities, 1601, vascular foreign bodies retrieval, 1 734-8 air enema reduction, 850
1 602-4 454 degenerative/metabolic disorders, children, 872-4

Innominate artery stenosis, 450 vascular infusion therapy, 454-5 1 794-804 radiological reduction. 873
Inoue mitral valve balloon see also Endovascular i nfant brain ultrasound examination, small bowel obstruction, 674-5

commissurotomy, 360, 361 neuroradiological procedures 1 807-12 lobitridol, 927
I nspissated bile plug syndrome, 721-2 I nterventricular septum, 60, 265, 266, i nfections, 1783-94 lodamide, 926
Insulinoma, 794, 795, 800. 804, 815, 270 i nvestigation methods. 1723-7 Iodinated contrast agents, 926-7

822,881 rupture, 297 patient positioning, 1724, 1726 vascular agents, 419
embolisation, 458, 460 I ntervertebral discs neoplasms, 1739-66 Iodine-123 scintigraphy

I ntensive care patients, 217, 231-5 calcification, 50 radionuclide imaging, 1812-16 adrenal medulla, 832
central venous catheters, 232, 233, i maging, 1643, 1644 trauma, 1778-83 renal imaging, 912

293 I ntestinal emphysema, 687 vascular, 1767-78 retrosternal goitre, 64
endotracheal intubation, 234, 292 Intestinal ischaemia, 472 I ntracranial pressure elevation. 1626-7 thyroid imaging, 1504, 1505
i ntra-aortic balloon pump, 23.5 I ntestinal lymphangiectasia, 629 Intracranial thrombosis, 1703, 1704-5 whole body imaging for metastases
mediastinal drains, 234, 292 I ntestinal membranes, 618 Intraductal mucin hypersecreting detection, 42
nasogastric intubation, 233, 234 I ntestinal obstruction tumours, pancreas, 794 Iodine-131-labelled agents
pacemakers, 235 acute abdomen, 668 Intrahepatic bile duct, 71 1 adrenal cortex imaging, 831
plain chest film, 290 gastric dilatation, 668-9 developmental anomalies, 71 1-12 renal scintigraphy, 912
pleural tubes, 234 neonate, 85 1-62 stones, 725-7 therapeutic applications, 1504, 1507
positive pressure ventilation, 234 causes, 862 ultrasound. 716-17 lodixanol (Visipaque), 419
Swan-Ganz (pulmonary artery small/large bowel dilatation, 669 Intramural gas, 687-8 l oglycamide (Biligram), 719

flotation) catheters, 232, 233 see also Large bowel obstruction; Intramural pseudodiverticulosis, Iohexol, 42t), 618, 849, 927, 1645
tracheostoiny tubes, 234 Small bowel obstruction 559-60 lomeprol (lomeron), 419.927



l opamidol, 420, 849, 927 i maging, 1235-44 Klippel-Feil syndrome. 50, 1108. neonate, 859-62
lopentol, 927 tumour involvement. 1308-12 1 1 1 9, 1120, 1625, 1653 obstetric ultrasound. 1058
lopromide (Ultravist), 419. 927 Joint trauma, 1382-3 Klippel-Trenaunay syndrome, 488, pseudo-obstruction, 676, 677
l othalamate meglumine, 419. 420, 850. chronic (neuropa(hic arthropathy), 497,500 types, 675

926 1 386 Knee joint Large bowel volvulus, 676
lotrolan (Isovist), 419 dislocationlsubluxation, 1382 fractures, 1411-12 Laryngeal carcinoma, 1510
l otroximale (Biliscopin), 719 Jones fracture (fifth metatarsal i maging, 1235-7 Laryngocclc, 1497
l ovcrsol, 927 proximal diaphysis), 1414 osteoarthritis, 1225. 1227 Laryngotracheobronchitis (croup),
loxithalamate, 926 Jostent, 451 tuberculosis. 1170 1 61, 1497
Iris, 1 552 Joubert's syndrome, 1730 Kock ileostomylKock pouch, 623, 65(1, Larynx, 543, 1489
Iron deficiency anaemia, 549, 1326 Judkins catheter, 280, 350 1 000 benign tumours. 1498
Irritable bowel syndrome, 653 Jugular bulb, large, 1605, 1606 Kohler's disease (osteochondritis of cysts, 1497
Irritable hip syndrome, 1181 1379 Jugulodigastric lymph node. 510 patella), 1188. 1 189 functional disorders, 1495
I rritant gas inhalation. 139-40 Juvenile angiofibroma see KOhler's disease I (osteochondritis of i maging techniques, 1489-91, 1492,
I schaemic colitis, 651, 652, 680 Nasopharyngeal angiolibrorna tarsal navicular. 1 187 1 493
Ischaemic optic neuropathy, 1586 Juvenile ankylosing spondylitis, 1215 K6hler's disease II (osteochondritis of i nfections, 1497
Islet cell mmou s, 42, 787, 788. 794-5, Juvenile idiopathic arthritis, 1213-15 metatarsal head), 1 187 malignant tumours, 1498-9

800, 803, 804. 805, 815, 881 classification. 1214 Krabhe's disease (globoid trauma, 1495-7
angiography, 444, 445 Juvenile polyp, 871 l eucodystrophy), 1801, 1802 Laser-assisted angioplasty, 45(1-I
hepatic metastases, 785 Juvenile polyposis, 638, 871 Krukenberg tumour, 595, 596. 1083, Lateral cervical oesophageal
i ntraoperative ultrasound, 795 Juvenile subdural hacmatonta, 1640, 1 1 04 diverticulunt (Killian-Jamieson
radionuclide imaging, 821-2 1 642 Krypton-SI in ventilation scintigraphy. diverticulum), 547
somatostatin receptor scintigraphy, 39 Lateral epicondylar facture, 141)7

66 M61 KUB (kidney meters and bladder) film, Lateral pharyngeal pouch, 547
venous blood sampling, 445, 495 890-1 Laurence-Moon-Biedl syndrome, 930,

Isolated dextrocardia. 6. 366 Kveim test, 187 936, 1 1(19
/sospora belli, 870 Kaposi's sarcoma, 72, 158, 626, 652 Kyphosis, 1651 Le Fort fractures, 1389-9(1. 1575
Ivalon embolisation, 456, 457, 458, gastrointestinal tract, 599, 626, 644 adolescent (Scheuermann's disease), Lead poisoning, 1368, 1634

459 l ung. 121-2, 158 1 1 88 Left atrial appendage. 267-8. 270, 272
I vermark's syndrome (asplenia), 250. pancreas, 821 cervical spinal trauma, 1393 enlargement, 284

749,882 Kaposi's sarcoma associated herpes elderly person, 28 Left atrium, 267-8
I vory osteoma, 1255. 1256 virus (KSHV, human herpes enlargement. 284

virus 8), 158 Lefl paracolic abscess, 682
Kartagener's syndrome, 152, 163 L Lett ventricle, 265
Kasai operation, 720, 727 aneurysm, 297-8.321.322
Kawasaki's disease, 355, 402, 428-9 Labral injuries, 1407 enlargement, 285

Jacoud's arthropathy, 1234 Kearn-Sayer syndrome, 1804 Labyrinth, 1598, 1599 rupture, 297
Jansen's metaphyseal Keloid scar, breast, 1468, 1469 congenital deformities. 1602-4 heft ventricular angiography, 280, 281,

chondrodysplasia, 1137.1 138 Kensey catheter, 450 Labyrinthitis ohlitcranslossificans, 348, 349, 350
Japanese B encephalitis, 1792 Kerley lines, 12 1 607. 1608 l eft ventricular volumelejection
Japanese panbronchiolitis, 173 A lines, 12 Lacrimal gland, 1575 fraction, 348
Jaundice B lines, 9, 11, 12, 19, 131, 145, 289 drainage apparatus Left-sided interior sera cava. 489

childhood, 720, 721, 722 Kidney disordersltumours, 1594 Left-sided superior vena cava, 498
biliaty scintigraphy, 718 anatomy, 885-8 masses, 1592-4 Legg-Calve-Perthes' disease see

ultrasound investigation, 813 computed tomography (CT), 906 benign, 1592 Perthes' disease
Jaws, 1531-49 congenital lesions/variants, 913-14, i nflammatory, 1593-4 Legionella pneunwphila pneumonia

benign neoplasms, 1544 929-41 malignant, 1592-3 ( Legionnaire's disease), 131.
hone dysplasias. 1539-40 associated anorectal Lacrimal gland cyst. 1592. 1593 1 32-3, 135, 153
cysts. 1542-4 malformations, 861 Lacteas, 509 Leiomyoma

dental origin, 1542, 1543 persistent fetal lobulation, 929 Lactobezoar, 866 bladder, 995
developmental (fissural), 1544 development. 885, 886 Lacunar skull, 1625 oesophagus, 76. 563, 564
non-clithelialised bone cysts, dil)itse/multifocal abnormalities, I,add's hands. 618, 631, 856 scrotal extratesticular, 1026

1 544, 1545 975-8 Ladd's procedure, 857 small bowel, 624-5
developmental abnormalities, i nflammatory disease, 941-8 Landing-Shirkey disease see uterus (fihroids), 1075, 1(176, 1077,

1 537-8 magnetic resonance imaging (MRI), Granulomatous disease, chronic 1 087, 1085, 1090, 1091. 1094-5
endocrine disorder involvement. 910-11 Langerhans' cell histiocytosis, 1637 Leiomyomatosis, oesophagus, 554

1 538-9 scarring, 914 diffuse lung disease, 187, 206, 207, Lciomyosarcoma
haemoglohinopathy-related changes, small scarred, 976 261,262 l ung, 122

1 541 small smooth, 976 i ntrahepatic cholangiopathy, 722 oesophagus. 76, 569-70
histiocytosis X, 1542 smooth enlargement, 976 Large bowel, 635-61 retroperitoncum, 845
malignant tumours, 1544-6 supernumerary, 930 anatomy, 635 soft tissues, 1428

metastatic, 1546, 1548 ultrasound, 894-5 childhood disorders, 871-4 L ens, 1552, 1553
radiation changes, 1533-4 children, 923-4 function, 635-6 calcification, 1623
sclerosing lesions, 1534-6 Doppler examination of radiological investigation. 636-7 dislocationltraumatic displacement,
trauma, 1536-7 vasculature, 469-71 rotational anomalies, 635 1 564, 1576

mandibular fracture, 1549 obstetric, 1059-61 tumours. 637-44 pathology, 1554, 1555
Jefferson fracture (CI burst fracture), vascular supply, 887 Large bowel dilatation, acute abdomen, Lenticulostriatc arteries, 1680-I

1 397-8 Kicnbock's disease (osteochondritis of 669 Lcontiasis ossia, 1198, 1640
Jejunal atresia/stcnosis, 858-9 I nnate), 1 189, 1378, 1380 Large bowel haemangioma, 644 Leprosy, 1175-6, 1436. 1437, 1523
Jejunal diverticulum, 440 Killian-Jamieson diverticulum (lateral Large bowel obstruction, 665, 675, Leptomeningeal cyst, 1641-2
Jejunum, 615 cervical oesophageal 676-8 1,66-Weil syndrome
Jeune's disease (asphyxiating thoracic diverticulunt), 547 colorectal cancer. 676 (dyschondros(eosis). 1108,

dystrophy), 1109, 1142, 1 144 Klatskin's tumour, 756, 757, 772. 783 colorectal stenting, 642, 643 1 1 09, 1 144, 1 145
Joint disorders, 1201-44 Klebsiella, 1 9, 131, 132. 134, 135, diverticular disease, 645 Leriche's syndrome (aortic

childhood, 1213-15 1 38, 152, 687. 979, 991 ilcocaecal valve competence, 675, thrombosis), 417,429-A431
effusions, 1372. 1373, 1432 Klinefelter s syndrome, 1033 576 Leri's disease (mclorheostosis), 1129



Lesser sac hernia, 631 hepatic metastases, 784 Lower gastrointestinal haemorrhage, Lung trauma, 219-20, 221

Lettercr-Siwe disease, 1582, 1637 mediastinum, 58, 68-9 645 radiation injury, 235-6. 237

pulmonary involvement, 1343 rctroperitoneurn, 845 arteriographic diagnosis, 440 Lung tumours, 19,23.29, 107-29

skeletal abnormalities, 1343-4, 1345 soft tissues, 1428, 1430, 1441, 1444 cmbolisation, 456 computed tomography (CT), 35-7

see also Langerhans' cell stomachlduodenum, 590 radionuclide imaging. 655-7 l ymphoma, 526, 527

histiocytosis Lisfranc fracture-dislocation, 1414, 1415 Lower limb magnetic resonance imaging (MRI),

Leucocyte scan Lissencephaly (agyria), 1634. 1734 congenital disorders, 1109-17 1 24-6, 127, 128

i ntra-abdominal sepsis, 682-3 Liver. 737-46, 749 fracture, 1372 scumgraphic detection, 42

see also Indium-I I I-labelled anatomy. 711, 753, 754. 763 stress. 1413 Lungs

I eucocyte scan computed tomography (CT), 753-8 i schaemia calcified lesions. 24, 25, 109, 1 17,
l.eucodystrophies, 1801-2 i maging techniques, 737 thrombolysis, 455 142,147,189

Leukaemia magnetic resonance imaging (MRI), see also Peripheral vascular computed tomography (CT). 31-2

axillary lymphadenopathy. 1468 777-85 disease respiratory phase, 32-3

CNS involvement, 1637 contrast agents, 778 trauma, 141 1-14 drug toxicity, 209-10, 211
intrathoracic disease, 27, 121 radionuclide imaging. 759-62 veins, 484, 485 fissures, 7. 13, 32

mediastinal lymphadenopathy, ultrasound, 763-75 duplication anomalies, 488 thickening. 19

70, 71, 121 Doppler examination of Lower limb phlebography, 483-8 l ateral view, 13

lymphocytic, 1335 vasculature, 468-9 complications, 486 l ymphatic drainage, 9, 51 1-12

orbital deposits, 1569 Liver abscess, 758. 771, 785 congenital anomalies. 488 obstetric ultrasound, 1056-7

paranasal sinuses involvement, 1529 amoebic, 740. 742. 758, 771 normal appearances, 485, 486 postero-anterior film, 7
renal infiltration, 958 Ascaris, 715 technique acini, 9, 1 1

children, 876 children, 880 ascending, 485-6 apices, 8
skeletal abnormalities, 1328. 1329 pyogenic, 771 descending, 486 hidden areas. 8

children, 1327, 1328, 1329 Liver biopsy, 751 Lower oesophageal sphincter, 554 l ymphatic system. 9
Lcukoplakia, urinary tract. 947-8, 979 transjugular. 453, 751 hypertrophy, 550 pulmonary segments, 9, 11

Lewy body dementia, 1796 Liver disease Lumbar spine suhdiaphragmatic features, 10-11
regional cerebral blood flow angiography, 742-6 degenerative disease, 1228, 1231, scarring, 19

i maging, 1814-15 i ntcrventional, 744-6 1 232 underdevelopment. 250-I

Leydig cell turnouts, 1028 osteomalacia, 1353 i maging, 1644 Lyme disease, 1788

LGM Venatech filter, 453 plain abdominal film, 737-42 myclography, 1646 Lymph circulation, 509-10
L'hermitte-Duclos disease, 1738. 1747 calcification, 740 Lumbosacral plexus imaging, 1644 Lymph nodes, 509, 510
Ligament injury, 1419 portal hypertension, 749-53 Lunate acute inflammation, 517

Limb salvage Liver enlargement. 738. 764-5 dislocation, 1409, 1410 calcification. 25, 1437
angioplasty, 447 Liver transplantation, 760, 773-5 osteochondritis (Kienbock's chest film. l o, 25, 27

thrombolysis, 455 hiliary anastomosis, 774 disease), 1189, 1378, 1380 disorders, 516-18

` Limy bile', 713 strictures, 728 Lung abscess, 19, 20. 22, 23, 72, 95, benign. 517
Linitis plastica ('leather bottle' complications, 774-5 1 38, 139 malignant, 518

stomach), 592, 593, 595 Doppler ultrasound examination of lung biopsy. 1, 44-5 fibrofatty deposits. 517
Lipiodol, 419 liver vasculature, 468 CT guidance, 31 i maging techniques, 514-15

Lipohaemarthrosis, 1372, 1373, 1434, hepatic artery aneurysm, 469 Lung cancer see Bronchial carcinoma metastases, 516, 518
1 435 preoperative assessment, 773-4 Lung collapse. 4, 26, 108, 175-9, 290, TNM staging system (N-staging).

Lipoid pneumonia, 138-9, 140, 195 vascular anastomosis, 774 667 519
Lipoma Liver trauma, 695-8, 759, 760 complete, 176 treatment planning, 519-20

adrenal gland, 829-30, 836, 838 hiliary leaklstricture formation, 728, definition. 175 reactive hyperplasia, 510, 517

arborescens, 131(1-11, 1312 729 l obar, 15, 17,26, 176-9 Lymphadenopathy, 513

bone, 1303-4, 1306 complications, 699 left upper lobe, 179. 181, 182 acute lymph node inflammation,

parosteal, 1303, 1307 CT gradin g . 697 lingula, 178-9, 181 517
breast, 1462 management, 697 lower lobe, 177-8. 179. 180 benign lymph node disorders, 517

chest, 49, 50, 53 vascular involvement, 697-8 right middle lobe. 177. 178 fibrofatty deposits, 517
bronchial, 124 Liver tumours, 738, 739, 754. 755 right upper lobe, 176-7 granulomatous disease, 517

corpus callosum, 1732, 1733 angiography. 443-4. 445 mechanisms, 175 malignant disease, 516

deep central veins, 490 benign, 757-8 radiological signs. 175-9 reactive hyperplasia. 510, 517
heart, 337, 338 l ymphoma, 772 rounded atelectasis, 179, 183 Lymphangiography. 2, 512
intracranial calcification, 1630-I malignant, 756-7, 772 Lung consolidation. 179-80 Lymphangioleiomyomatosis, 35, 187,

kidney, 950 metastases, 577, 643, 740, 741, bacterial pneumonia. 131, 132 207.208
large bowel polyps, 638 745-6, 757, 772-3, 784-5. 803, l obar, 14, 15, 17, 183-4 Lymphangioma, 68, 81
liver, 771 814 left upper lobe, 184. 186 cavernous pancreatic, 788
mediastinum, 58, 68-9, 7(1 hiliary obstruction, 734 lingula, 184, 186 children, 867
oesophagus, 564 children, 879 lower lobe, 183, 184. 186 neck, 1501, 151 1, 1512

pleura, 100, 102. 105 embolisation, 456, 458, 459. 460, right middle lobe. 183, 185 orbit, 1581
retroperitoneum, 848 742,745-6 right upper lobe, 183, 185 retroperitoneum, 848

salivary glands, 1515 i ntra-arterial chemotherapy. 455 radiation injury, 236 see also Cystic hygroma

scrotal extratesticular, 1026 Loa lot, 1 438 tuberculosis, 141-2 Lymphangiomyomatosis, 88

small bowel, 625 Lobar overinflation, Lung cyst, 22-3 Lymphangitis carcinomatosa, 19. 35,

soft tissues, 1418, 1428, 1429, 1434, congenital/congenital Lung scintigraphy. 41-3. 171 1 08, 118, 121, 126, 187

1 441, 1443 emphysema, 251-2 gallium imaging, 42 Lymphatic aplasialhypoplasia, 516

neck, 1502, 1511 Lobectomy, 225 l ung capillary permeability, 43 Lymphatic capillaries, 509

spine, 1666, 1667 Loeffler's endomyocarditis, 325-6 mucocilliary escalator function. Lymphatic ducts
stomachlduodenum, 589-90 Loffler's syndrome (simple pulmonary 43 disorders, 516

Lipomatosis eosinophilia), 150-1, 203 regional lung function. 41-2 lymphography, 513-14
renal sinus, 949, 950 Loopography, 898, 925 turnouts, 42 l ymphoscintigraphy, 514

synovium, 1311 Looser's zones, 49, 1354, 1355 see also Ventilationlperfusion (VQ) Lymphatic system

Lipomyelomeningodysplasia, 1651 Low-osmolality contrast media, 419, i maging anatomical aspects, 509-10

Liposarcoma 927 Lung transplantation, 239-42 function, 509-10
hone, 1303-4 paediatric abdominal imaging, complications, 240-2 i maging, 513-15

parosteal, 1304 849-50 single/double lung, 240 malignant disease, 519-21



Lymphatic system -contd Lymphosarcoma, 1637 bone density measurement, 1352 clinical applications, 1822-7

topography, 510-13 Lymphoscintigraphy, 514 breast, 1476-8 computing power requirements,

abdomen, 512-13 Lynch syndrome (hereditary non- cardiac imaging, 265, 266, 267, 271, 1 821

head and neck, 510-I 1 polyposis colorectal cancer), 279, 280, 281. 319-20, 1825, gradient coils, 1820-1
pelvis, 512-13 641 1 826 i mage processing, 1821-2

thorax, 51 1-12 cardiac tumours, 338 magnets, 1819-20
Lymphocytic gastritis, 580 congenital cardiac disease, 363, receiver coils, 1821
Lymphocytic interstitial pneumonitis 373,406-7 sequence advances, 1822

(LIP), 120-1, 158-9, 260 hypertrophic cardiomyopathy, rectal cancer, 643
Lymphocytic meningitis, acute, 1791 Macleod's (Swyer-James) syndrome, 325 salivary glands, 533-5, 536
Lymphoedema, 483 28, 171, 172 valvular heart disease, 331-2 sinuses, 1519-20

praecox, 493, 494 Macrocephaly (megalencephaly), 1728 ventricular function assessment, small bowel examination, 618
primarylsecondary, 516 Macrodactyly, 1107 323 soft tissues, 1417-32,1445-8

Lymphography, 513-14 Macrodystrophia lipomatosa, 1304 chest, 2, 38 tumours, 1427-8, 1429-31

lymph node micrometastases, 516 Madclung's deformity, 1108, 1138, complex biopsies, 1446 spinal injury, 1392, 1393

l ymphatic ducts, 5 13-14 1 1 39 contraindication with cardiac spine, 1643-4
disorders, 516 Madura foot, 1161, 1176, 1 177 i mplanted devices, 295 spleen. 785-6

Lymphoid granulomatosis, 200 Maffucci's syndrome, 1276, 1281 contrast agents, 82, 515, 778, thermal ablation procedures, 1446

diffuse lung disease, 202 Magnetic field gradient coils, 1820-1 1 827-9 urogenital tract, 910-12, 926

Lymphoid hyperplasia Magnetic resonance angiography Crohn's disease, 623-4 veins, 505-7
duodenal involvement, 587 (MRA), 271, 472-81 fat suppressionlsaturation S I sH-Magnetic resonance

large bowel, 636 abdominal vessels, 479-80 techniques, 1417-19 spectroscopy. 1825-7
Lymphoma, 42. 509, 517, 521-30, 1330 arterial imaging, 413, 415, 416, 417, gastric motility. 609 Major blood vessel trauma. 707-8

AIDS-related, 159, 160, 821 418, 474, 475-6 glossary of terms. 1852-4 Malabsorption, 628-9

bladder, 997 carotid arteries, 474, 475, 478-9, gynaecological imaging, 1093-104 osteomalacia, 1353

brain, 1753-4 1 673, 1674 head injury, acute, 1782 Malacoplakia, urinary tract, 947-8,

breast, 1466 cerebral imaging, 1673, 1674 i nflammatory bowel disease, 650 979-80,991
cervical lymph node involvement, contrast agent safety, 481-2 i nterventional, 1445-8 Malaria, cerebral, 1790

1 516 contrast-enhanced (CE-MRA), 472, biomechanical investigations, Male genitalia. 889-90. 895-6

chylothorax, 88 473, 475, 476, 477, 478, 479, 1 448 Male infertility, 1036

colon, 644 481, 1823-5 endoscopic monitoring, 1446-7 Male pseudohermaphroditism, 1033

cross-sectional imaging contrast agents, 1828-9 open surgery guidance, 1447-8 Malignant disease

abdomen, 528 three-dimensional, 1674 i ntracranial lesions. 1723, 1724, diagnosis, 519

head and neck. 528-9 i atrogenic hiliary tree trauma, 698 1 726-7 lymphatic system imaging. 5 19-21

spine, 529 i maging principles, 473-5 haematoma, 1768 residual masses, 520-I

thorax, 526-8 maximum intensity projection subarachnoid haemorrhage, 1769 TNM staging, 518, 519

extranodal invasion, 529, 530 (MIP), 474,475 joint imaging, 1235 treatment planning. 519-20

gallium-67 scintigraphy, 515 phase contrast (gradient ankle, 1241, 1243 treatment response. 520

heart, 337, 338 refocused) method, 473, 474, degenerative disc disease, 1228-9, Malignant fibrous histiocytoma, 83,

i ntrathoracic, 118-19, 123, 124 480, 1674 1 233 1 428, 1444

i vory vertebra, 50 subtraction techniques, 474 knee, 1235, 1236, 1237. 1412 bone, 1290-I

kidney, 957-8 ti me-of-flight (saturation) method, rheumatoid arthritis, 1211-13 retroperitoneal tumours, 845

children. 875, 876 473-4, 481, 1674 shoulder, 1239-40 Malignant otitis externa, 1612, 1614

liver, 772 i ntracranial aneurysm. 1770-2 wrist, 1244 Malignant peripheral nerve sheath

l ung, 23 l i ver, 778 large bowel, 637 tumour, 1428, 1431

mediastinum, 59. 70, 71, 72, 82 paediatric abdomen, 851 liver, 777-85 Malignant round cell tumours, 1315

nasolacrimal, 1594 paediatric chest, 248 l ung tumours, 124-6. 127. 128 Mallory-Weiss tear, 440, 571

oesophagus, 570 perfusion imaging, 1674 bronchial carcinoma, 108, 110-11 Malrotation, 630-I, 672, 856-7

orbital involvement, 1568, 1569, peripheral vessels, 474, 475-6, 481, l ymph nodes. 515 Malta fever see Bruccllosis

1 579-80, 1582, 1583, 1593 482 microretastases, 516, 517 Mammography, 1451-5

pancreas, 792, 800 petrous temporal bone, 1600 l ymphoma, 529 abnormal findings see Breast

paranasal sinuses, 1528-9 portal vein imaging, 507 malignant disease digital imaging, 1452-3

pleural effusions, 89, 91 pulmonary arteries, 475, 477-8 residual mass, 520-I full field, 1452-3

positron emission tomography renal arteries, 480-1 staging, 519 i mage display modes, 1453

(PET), 1830 thoracic aorta, 476-7 malignant mesothelioma, 103 small field, 1452

pulmonary hilar enlargement. 27 Magnetic resonance cholangiography mediastinum, 58, 80, 111 normal appearances, 1454, 1455

retroperitoneal tumours, 845 (MRC). 716, 717, 1822 neck soft tissues, 1500 diffuse increase in density,

salivary glands, 539, 540 Magnetic resonance obstetric imaging, 1065-6 1 454-5

small bowel, 625-6 cholangiopancreatography orbit. 1574 projections, 1453-4

somatostatin receptor scintigraphy, (MRCP), 787, 801, 803, 804, osteomyelitis, 1158-9 screening see Breast cancer

661 805 osteonecrosis, 1181 screening

spine, 1660 i atrogenic biliary tree trauma, 698 paediatric abdomen, 851 technical aspects, 1451-2

spleen, 759, 776 paediatric imaging, 851 paediatric chest, 248 viewing procedure, 1458

staging, 519 technical aspects, 802 Paget's disease, 1195-6 Mandibular cyst, 1544

stomach, 598-9 Magnetic resonance imaging (MRI) pancreas, 787, 801-2, 805 Mandibular fracture, 1389. 1391,

testis, 1028. 1032-3 abdominal trauma, 692 pericarditis/pericardial effusion, 334 1 392, 1549

thyroid, 62, 1514 adrenal gland, 826, 830, 833 Perthes' disease (osteochondritis of Mandibular osteomyelitis, 1 161

treatrncnt complications, 521, aortic dissection, 427, 428 femoral capital epiphisis), subacute. 1533, 1534

529-30 benign prostatic hyperplasia, 1005 1185, 1186 Mandihulofacial dysostosis (Treacher

Lymphomatoid granulomatosis, 121, hiliary tract see Magnetic resonance petrous temporal bone, 1598-9, Collins syndrome). 1604

1 24 cholangiography (MRC); 1 602 Mangafodipir, 778

Lymphopioliferative disease, post- Magnetic resonance pharynx/larynx examination, 1491, Marble hones see Osteopetrosis

transplantation, 242, 293 cholangiopancreatography 1 493 Marchiafava-Bignami disease, 1800

Lymphoreticular system disorders (MRCP) prostate. 1011- 12 Marfan's syndrome, 47, 48, 62, 73,

skeletal abnormalities, 1330-46 bladder, 1007-8 cancer. 1(112-15 1 63, 290, 309, 314, 327, 423

storage disorders, 1345-6 cancer, 1008-11 recent technical advances, 1819-29 aortic aneurysm, 312, 313. 341



aortic dissection, 426, 427 Mediastintun traumatic. 1656 Midgut volvuIus, 856-7
intraocular pathology, 1554 anatomy, 57-8, 59, 60-I Meningohypophyscal trunk, carotid chronic. 857, 858
skeletal features, 1147-8 anterior division, 57 angiography, 1680. 1699 Midlinc granuloma, paranasal sinuses.
thoracic aorta dilatation, 476, 477 middle division, 57 Meniscal cyst. 1235, 1237 1 523. 1528
valvular heart disease, 300. 303 posterior division, 57 Mcniscal tears, 1235. 1236. 1237, Mikity-Wilson syndrome, 257

Marie Strumpell arthritis see radiological investigation. 58-60 1 383. 1412 Mikulicz's disease (mvoepithelial
Ankylosing spondylitis computed tomography (CT). 60-I MRI grading. 1235, 1237 sialadenitis: benign

Mastectomy. 28, 50, 51 magnetic resonance imaging Menopause, 1072 l ymphocpithclial lesion). 539
Mastitis, 1470 ( MRI), 58. 80, 111 premature (primary ovarian lailure), Milroy's disease. 5 16
Mastocytosis, 629, 1336-7 plain chest film, 5-6, 8 1 073 Mineralising microangiopathy, basal
Mastoid lymph nodes, 510 Medullary cystic disease, 937, 976 Menstrual cycle, 1071-2. 1084 ganglion calcification. 1798-9
Mastoiditis. acute. 1606-7 Medullary sponge kidney, 937-8. 976, follicular phase, 1071 Miner's pneumoconiosis. 171
Mastoids. 1597, 1598, 1619 977 l utcal phase, 1071-2 Mirena coil. 1075
Maternal scrum alpha-fetoprotein Medullary thyroid carcinoma, 840, Mesenchymal chondrosarcoma. 1284. Mirrizzi syndrome, 712, 722, 723, 734

screening, 1048-9, 1050 842-3. 1514 1 285 Missed abortion, 1044-5
Maxillary cyst, 1544 radionuclide imaging, 1507 Mesenchymal hamartoma, 879 Mitochondrial cytopathy, cerebral
Maxillary sinus, 1520, 1542 somatostatin receptor Mesenteric cyst, 633, 867 manifestations, 1803-4

fracture, 1391, 1392 scintigraphy, 660 Mesenteric disease. 633-4 Mitral prolapse. 290
Mazahraud's syndrome, 1427 Mcdullohlastoma (primitive Mesenteric ischaemia, 455, 630, 651 Mitral regurgitation. 302. 304. 329.
Measles. 72, 163. 1791 neuroectodern al Wntour; Mesenteric lymph nodes. 512 33(1

giant cell pneumonia. 136, 138 PNET). 1748-9 Mesenteric panniculitis, 633. 634 acute, 296-7
subacute sclerosing panencephalitis, Mcgacolon, 665 Mescntcric trauma, 7117 continuous wave Doppler

1 792 congenital, 654 Mesiodens, 1537, 1538 quantitation, 329
Mechanical hull thumb, 1411 Megaocsophagus, 76-7 Mesohlastic nephroma (fetal renal l eft ventricular angiography, 348
Mechanical emholisation devices. 456 Megarectum, congenital, 654 hamartoma), 876, 962 Mitral stenosis, 284, 301-2, 303, 328-9
Mechanical rotating devices, 450 Mcgauretcr. primary. 940. 941 Mesolhelioma cerebral eniholus, 1700
Mechanical thromhectontv devices. Megluntine/sodium see Gastrogralin benign (scrotal extratcsticular), congenital. 394

456 Meigs' syndrome. 87, 1082 1 026 continuous wave Doppler
Meckcl-iruber syndrome. 1060 Melanoma malignant, 37. 38, 49, 102-3, 105, quantitation, 328
Meckel's diverticulum, 440, 631, 867 anal canal, 655 1 06, 192 Mitral valve, 265, 266, 270

radionuclide imaging, 657-8, 659 choroid/ciliary , body, 1 560-2, 1589 biopsy tract seeding, 103, 106 congenital abnormalities, 394
Meconium, 1057 metastases, 117, 596. 597, 626, 777, peritoneal cavity, 633 replacement, 291

aspiration syndrome, 258-9 784, 785, 792. 1762 Metabolic hone disease. 1351-69 Mitral valve disease, 301-3
ilens, 859-60. 1(158 oesophageal involvement, 570 laboratory findings, 1352 percutancous balloon
peritonitis, 1058 paranasal sinuses, 1528 vitamin D abnormalities. 1352-6 conunissurotomy.359, 36(1.

Medial epicondylar fracture, 1407 positron emission tomography Metachromatic leucodystrophy, ISO 1 361
Mcdiastinal cyst, 58, 59, 81 ( PEI'), 1831 Metallic coils see Coil embolisation Mitrofanoff procedure, 1000, 1003
Mediastinal drains, 234. 292 sentinel node imaging, 1832 Metallic dust disease, 17 Mixed connective tissue disease, 197,
Mediastinal emphysema, 221 MEI,AS, 1803 Metallic sterns. hiliary 1 234-5
Mcdiastinal fat depositionllipomatosis. Melioidosis, 134 drainagelstenting, 734, 735 Mixed neuronal-filial honours. 1746-7

66,68 Melorheostosis (Levi's disease). 1129 Metantphetamine abuse. 428 Monckchcrg's medial atherosclerosis,
Mcdiastinal fibrosis, 80. 236. 729 Memotherm, 451 Metaphyscal chondrodysplasia/ 1 435
Mediastinal hacnunonm, 232 Mendelson's syndrome, 139. 14(1, 195 dysplasialdysostosis, 1 137 Mondini dclbrmity. 1602
Mcdiastinal haemorrhage, 80, 222, 223 Menctrier's disease, 580 Metaplastic polyps see Hyperplastic Monteggia fracture, 1407, 1408
Mcdiastinal hernia, 58 Meningeal tumours, 1754-7 polyps Morbid obesity, 606
Mediastinal liponia, 58. 68-9. 70 Mcningeal vascular markings, 1619, Metastatic malignancy, 518 Morgagni's hernia. 54, 67-8, 69, 560,
Mediastinal lymph nodes, 1(l. 57, 1 621 Metazoan pulmonary infections, 150-2 562

511-12 Mcninges of spinal cord. 165(1 Metcorism. 665 Morquio-Brailsford syndrome
anterior, 10,511 Meningioma, 1754-7 Mc(hyscrgidc. 80 I mucopolysaccharidosis IV),
calcification, 70. 81,155 carotid angiography, 1679, 168(1 MIBG Imetaio(lobenzylguanidine) 1 1 45, 1146, 1651. 1656
CT guided biopsy. 61, 62, 63 selective external carotid artery, scintigraphy. 42, 832, 844 Morton's neuroma, 1430
middle. III, 12 1 683 Michel deformity, 1602 Motor neurone disease, 1797
posterior, 10, 5l I carotid space, 1502 Microancurysms, 428 Mounier-Kahn syndrome. 75, 162,

Mediastinal lymphadenopathy, 58, cerebropontinc angle, 1611, 1613 Microcephaly, 1624 1 63
69-72, 81-2, 142, 146, 155. 188. i ntracranial Microdontia. 1537 Movement disorders, dopamine
205.513 calcification, 1629. 1630, 1631 Microgastria, 853 transport system imaging, 18 16

bronchial carcinoma. 108. 11 I-12, preoperative embolisation, 458 Micronodular adrenal dysplasia, 840 Moyamoya disease. 1704-5
1 1 5, 116, 1 18, 127 optic nerve. 1585-6 Microphthalmia, 1588-9 Mucinous cystadenocarcinoma, ovary,

drug-induced, 210 optic nerve sheath, 1570 Mii ropohvsporit /iieni, 195 1 081-2, 1 104
Hodgkin's disease, 118. 122, 123 sites. 1757 Microscopic colitis, 652 Mucinous cystadcnoma
lymphoma, 527 skull erosion, 1638 Micturating cystourcthrography, 898, ovary, 883
oesophageal displacement, 573 skull local hyperostosis, 1640 899 pancreas, 793-4, 799, 815

Mediastinal mass, 57, 58. 61, 65, 66, skull vault vascular marking children, 924-5 Mucocelc, 108. 1522
67.573 abnormalities, 1634-5 vesicoureteric reHux grading. 946 Mucocilliary escalator function. Iune

calcification, 58, 60 spine, 1668-9 Micturition, 921 scintigraphy. 43
children, 248, 252. 261 Meningitis, 1784-5 Middle cerebral artery Mucoepidernwid tumours

Mcdiastinal neurogenic tumours, 75, acute lymphocytic, 1791 carotid angiography, 1681-2 i ntrathoracic, 122
84 fungal infections, 1786 embolus, 1700 sinonasal, 1527, 1528

Mediastinal radiotherapy. 72 i nfants, 1807 occlusion, infra-arterial Mucolipidoses, skeletal abnormalities.
Mediastinal trauma, 221-4 pyogenic. 1785 thrombolysis, 1708 1144
Mcdiaslinal vacular pathology, 61-2 tubercular, 1785-6 Middle car. 1597. 1598 Mucopolysaccharidoses

venous abnormal i tics, 74, 83 viral, 1785 carcinoma, 1611, 1612. 1614 atlanto-axial suhluxation/dislocation,
Mcdiastinal widening, 58, 66. 68, Meningocele, 78J050.1051.1052, congenital abnormalities, 1601. 1 656. 1657

76-7, 224 1 492, 1651, 1652, 1728 1 604-5 cerebral manifestations, 1803
Mediastinitis, acute, 79, 229 cranial, 1625 Middle nteningeal artery, 1679 classification, 1 145
Mediastinoscopy, 115 presacral, 654 anomalies, 1690 skeletal abnormalitics. 1144-6, 1651



Mucopolysaccharidosis I-H (Hurler's Mycobacterium leprae, 1175 angiography. 446 Nephroblastoma see Wilms' tumour
syndrome), 1 1 45-6 Mvcobacterium tuberculosis, 140, 156, selective external carotid artery, Nephroblatomatosis, 962

Mucopolysaccharidosis IV 559, 870, 1785 1 683 Nephrocalcinosis, 976, 977
( Morquio-Brailsford Mycobacterium xenopi, 144 preoperative embolisation, 457, 458 Nephrogenic adenoma, 995
syndrome), 1 1 45, 1146, 1651, Mycoplasma infection, 72 Nasopharyngeal carcinoma, 518, 1636 Nephroma
1 656 pneumonia, 1 31, 135-6, 259, 517 Nasopharynx, 543 mesohlastic, 876, 962

Mucormycosis, 1 47, 154, 1786, 1788 Mycoplasma pneumoniae, 131, 135-6, developmental lesions, 1 492 multilocular cystic. 876, 962
Mucosa-associated lymphoid tissue 259 i maging techniques, 1 489-91 Nephronia, acute. 914

( MALT) lymphoma, 524-5 Mycotic aneurysm, 314, 424, 1787, turnours, 1 502-3 Nephrostogram, 902
stomach, 579, 598 1 788 benign, 1 492-4 Nerve damage, iatrogenic, 422, 449

Mullerian duct remnants, 1 017 Myclofibrosis, 49, 78, 1328, 1329, 1330 l ymphoid, 1 494. 1495 Nerve sheath tumours
Multicysticlmulticystic dysplastic Myelography, 1 645-8 malignant, 1 494, 1495 malignant. 1 428, 1431

kidneys, 913-14,935, 1060 complications, 1 647 Nasoplalatinc cyst, 1 544 mediaslinum, 75
Multielement array transducers, 1 834 contrast media, 1 645, 1646 Near drowning, 1 39 Neural tube defects, obstetric
Mulliinfarct dementia, regional cerebral i njection errors, 1 647 Necator americanus, 627 ultrasound examination,

blood flow imaging. 1 815 technique, 1 646-7 Neck. 1 489-516 1 050-3
Multilocular cystic nephroma, 876, Myeloid metaplasia see Myclofibrosis anatomy, 1 509 Neurenteric cyst. 78, 252

962 Myelolipoma, adrenal gland. 836. 838 imaging techniques, 11, 1 489-91, Neurilemmoma (schwannoma)
Multilocular cystic renal lesions, 963 Myelomeningocele, 1 050, 1051, 1052, 1 492, 1493 bone, 1 3(1(1-2
Multipartite patella, 11 1 4 1 651, 1652 computed tomography (CT), i ntracranial. 1 758-9
Multiple enchondromas, 1 275-6 Myoblastoma of bronchus (granular 1 509-12 Antoni-A/Antoni-B subtypes,
Multiple endocrine neoplasia type I, cell tumour), 1 24 ultrasound, 1 512-16 1 759

587.794 Myocardial infarction, 295 i nfratemporal fossalparapharyngeal l arge bowel, 644
Multiple endocrine neoplasia type 11 acute, 296, 321 l esions, 1 498-503 mediaslinum, 75

(Sipple's syndrome), 842, 1507 i ntcrventricular septum rupture, 297 l ymphatic drainage, 510-1 I optic nerve, 1 569
Multiple endocrine neoplasia type Ila, l ate complications, 321-2 soft tissue inflammatory disease, retroperitoneum, 848

878 left ventricular aneurysm, 297-8 1 503 small bowel, 625
Multiple endocrine neoplasia type Ilb, left ventricular rupture, 297 soft tissue neoplasms, 1 501-3 soft tissues. 1 428

878 mitral regurg itation. 296 lipoma, 1 502. 1511 Neurinoma, orbit, 1 582
Multiple endocrine neoplasia type 111, papillary muscle rupture, 296-7 staging, 1 503 Neuroblastoma, 42, 261, 262, 826,

843 pericardial effusion, 298-9 Necrotising enteritis, 628 830, 834, 9W877,881,1660
Multiple epiphyscal dysplasia plain chest film, 296 Necrotising enterocolitis. 687, 859, adrenal medulla, 832, 833

(dysplasia epiphyscalis thromholysis, 455 862-3, 864 calcification, 829, 834
multiplex), 1 1 35-6 transluminal angioplasty Necrotising fasciitis, 1 425-6 i maging, 877

Multiple fetal growth parameters, 1 043 complications, 449 Necrotising sarcoid granulomatosis, mediastinum, 75, 84
Multiple fibromatosis, congenital, Myocardial perfusion scanning, 277, 200,202 MIBG scintigraphy. 832-3

1 288 319 Necrotising vasculitis, 428-9 olfactory, 1 528
Multiple myeloma, 49, 1366 Myocardial pharmacological stress Needle biopsy orbit, 1 569

contrast media risks, 421 studies bronchial carcinoma, 1 1 4, 116 skeletal features, 832-3, 1327
skeletal features, 1 338-40, 1529, magnetic resonance imaging (MRI), see also Fine needle aspiration skull erosion, 1 637

1 546, 1636, 1660 279 cytology somatostatin receptor scintigraphy,
pathological fractures, 1 340 radionuclide imaging, 278 Neisseria meningitidis, 1785 660

Multiple pregnancy, 1 040 stress echocardiography, 277 Nelson's syndrome, 840 staging, 877
chorionicity establishment, 1 003, Myodil, 51 Neonate Neurocytoma, central, 1 747

1 064 Myoepithelial sialadenitis (benign abdominal contrast studies, 849. Neurodegeneralive disorders, 1 795-8
obstetric ultrasound. 1 063-4 l ymphoepithelial lesion; 850 white matter, 1 799-800

Multiple sclerosis, 999. 1586, 1666, Mikulicr's disease), 539 adrenal haemorrhage, 838-9, 876-7 Neuroendocrine tumours, somatostatin
1 667. 1799-800 Myopia, 1 587-8 brain receptor scintigraphy, 660

Multiple system atrophy, 1 797 Myositis ossificans, 1 1 49, 1150, congenital lesions, 1 727, 1728-38 Neuroepithelial cerebral tumours of
Mumps, 537, 790, 1026 1 424-5, 1440, 1445 cystic lesions, 1 809 uncertain origin, 1 746
Munchmeyer's disease see Myositis post-traumatic, 1 376, 1380-I hypoxic ischaemic damage, 1 778 Neurofibroma

ossificans Myotonia congenita, 1 619 i maging. 1 727 bone, 1 30(1-2, 1304, 1305
Murray Valley encephalitis, 1 792 Myxoedema l ow-attenuation white matter at dumb-bell tumour, 1 301, 1304
Muscle pleural effusion, 87 CT. 1799 chest, 49, 53

denervation, 1 426 see also Hypothyroidism ultrasound exam i nation, 1 807-12 large bowel, 644
i nflammatory myopathy, 1 425-6 Myxoma chest radiology, 256-9 mediastinum, 75, 76, 84
injury, 1 422, 1423, 1444-5 cardiac, 308-9, 336. 337, 338, 403, fontanels, 1 624 oesophagus. 564

Muscular dystrophy, 1 434 1 056 gastrointestinal obstruction, 851-62 orbit, 1 582, 1583
Musculotendinousjunction injury, i ntramuscular, 1 426-7 duodenum, 855-8 retroperitoneum, 848

1 420 pulmonary, 1 24 high intestinal, 858-9 small bowel. 625
Mushroom growers, extrinsic allergic l ow intestinal. 859-62 soft tissues, 1 428, 1430, 1443

alveolitis, 1 95 oesophagus, 852-3 spine. 1 669
Mustard procedure, 388, 389 stomach, 853-5 Neurofibromatosis, 48, 50, 432. 842,
Myasthenia gravis, 58, 65 gastrointestinal tract, 851 1 437, 1441, 1468, 1738
Mycetoma, 1 42, 143, 147-8, 199, 201, Naegleria fowleri, 1790 hepatitis syndrome, 720 hone turnours, 1 302-3, 1305, 1306

1 1 76-7 Naevi, chest wall, 50 hydrocephalus, 1 807, 1809. 1810 clinical presentation, 1 302
bronchial arteriography with Nail-patella syndrome, 1 1 1 4,1117. i ntracranial haemorrhage, 1 807, congenital pseudarthroses, 1 1 1 4

embolisation, 47 1 1 1 8 1 810 extraskeletal manifestations, 1 303,
Mycobacterial pulmonary infection, Nasal hone fracture, 1 389, 1391 jaundice, 720 1 306

1 44-5 Nasal glioma biliary scintigraphy, 718 gastrointestinal polyps, 039
see also Tuberculosis (aeslhesionem'oblastoma), 1 766 pneumonia, 259 i ntracranial calcification, 1 634

Mycobacterium avium intracellulare, Nasogastric intubation, 233, 234 renal ultrasound, 923-4 orbital involvement, 1 582
70, 72, 156-7, 559, 586, 628, Nasogastric tube oesophagitis, 559 skull radiography, 1 623-4 skull erosion, 1 639
653 Nasopharyngeal angiofibroma (juvenile skull sutures, 1 621, 1624 spinal involvement, 1 650, 1651,

Mycobacterium batteri, 144 angiofibroma), 1 492-3, 1494, i ntracranial pressure elevation, 1 654, 1655, 1659, 1667, 1669
Mycobacterimn kansaso, 144 1 524-5. 1712 1 626 scoliosis, 1121. 1122



Neurofibromatosis I (NFI; von Noonan's syndrome, 403, 936 Oesophageal atresia, 161, 790, 1057 Oesophagus
Recklinghausen's disease) Nose, sinonasal physiologylanatomy, associated tracheal abnormalities, anatomy, 543

diffuse lung disease, 207-8 1 520 249,250 segments. 543-4
i ntracranial lesions, 1737. 1739 Nuchal translucency, 1040, 1041, tracheo-oesophageal fistula, 852-3 extrinsic impressions, 572-3
jawlteeth involvement, 1541 1 049, 1055 without tracheo-oesophageal fistula, i maging, 543-4

Neurofibromatosis 2 (NF2) Nutcracker oesophagus, 550 852 Oil cyst, breast. 1462, 1463
acoustic ncuromas, 1611, 1612 Oesophageal cancer. 76, 564-9, 1510 Olecranon fracture, 1407
intracranial lesions, 1737-8, 1758 adenocarcinoma, 565 Olcothorax. 231

Neurofibrosarcoma, mediastinum, 75 advanced, 565-6 Olfactory neuroblastoma. 1528
Neurogenic tumours early, 565 Oligodendroglial tumours, 1744

carotid sheath, 1502 Oat cell bronchial carcinoma see Small l eiomyosarcoma, 569-70 Oligodendroglioma, 1744, 1745
mediastinum, 75 cell bronchial carcinoma l ymphoma. 570 Oligohydramnios. 1057

Ncuroma Ohliterative bronchiolitis, 172-3, 199 malignant melanoma. 570 Omental cyst. 867
carotid sheath, 1502 Obscure gastrointestinal bleeding management, 569 Omphalocele (exomphalos), 864,
i ntacranial, 1758, 1759 syndrome, 630 metastatic tumours, 569 1 058, 1059
petrous temporal bone, 1610-I 1 Obstetric ultrasound, 1039-66 spindle cell carcinoma On-line journals for digital workflow,

Neuromuscular disorders, bladder biophysical profile, 1047 (carcinosarcoma: 1 844
control abnormalities. 999 cardiorespiratory system. 1055-7 pseudosarcoma), 569,570 Onyx embolic agent, 171 1, 1715

Neuronal cerebral tumours, 1746-7 central nervous system. 1049-55 squamous cell carcinoma, 564 Operative cholangiography, 719-20
Neuronal ceroid lipofuscinosis cervix evaluation, 1065 staging. 566-9 Ophthalmic artery. 1574, 1575

(Batten's disease), 1802 computerised reporting systems, l ymphadenopathy, 568-9 carotid angiography, 1680
Neuropathic arthropathy, 1386 1 041 Oesophageal disorders, 76-7. 84 Ophthalmic vein, 1574
Neuropathic bladder, 999 cystic hygroma, 1056, 1057 children, 864-6 thrombosis, 1584
Neurosurgery, epilepsy, 1806-7 Doppler ultrasound, 1039 Oesophageal diverticulum, 553, 554, Optic canallforamen, skull radiography,
Neurosurgicalnavigation. 1721 ectopic pregnancy, 1047-8 853 1 573,1618-19,1620
Neutropenic colitis (typhlitis), 632, equipment, 1039 Oesophageal duplication cyst, 78.564, Optic nerve. 1574, 1575

652.872 fetal anomaly scanning. 1041 868 trauma, 1577
Niemann-Pick disease, 1346 fetal gender, 1049 Oesophageal extrinsic compression, Optic nerve drusen, 1592
Nissen fundoplication, 561-2 fetal growth, 1046-7 866 Optic nerve glioma, 1569-70, 1585
Nitrates, dietary, 591 fetal malpresentation, 1040 Oesophageal foreign body. 570, 865-6 skull erosion, 1638
Nitrofurantoin. pulmonary fetal structures detection, 1043 Oesophageal haematoma, 571 Optic nerve meningioma, 1585-6

hypersensitivity reaction, 195 first trimester (early pregnancy), Oesophageal intramural Optic nerve sheath meningioma, 1570
Nitrogen oxides inhalation, 195 1 040, 1041, 1043-4 pseudodiverticulosis, 559-60 Optic nerve turnouts, 1569-70
Nocardio asteroides, 1 45, 146, 153 complications, 1044-6 Oesophageal leiomyoma, 563, 564, Optic nerve-sheath complex
Nocardiosis, 145, 146, 147, 153, 260, human chorionic gonadotrophin 866 abnormalities, 1584-7

294, 1786 l evels, 1045-6 Oesophageal leiomyomatosis, 554 Optic neuritis, 1586, 1587
Nodular lymphoid hyperplasia, 631 gastrointestinal system, 1057-9 Oesophageal lipoma, 564 Oral cancer. 1497, 1544-6
Nodular regenerative hyperplasia, 770 genetic screening. 1048-9 Oesophageal manometry. 549, 550 Oral cholecystography, 718-19
Non-accidental injury see Battered genitourinary sysem, 1059-61 Oesophageal motility, 549-54 Oral contraceptive pill, 1073

child gestational age assessment, 1040, abnormalities, 549-50 Orbit, 1566-70, 1573-94
Non-cardiac chest pain, 550 1 041-3 peristalsis, 549 anatomy, 1574-5
Non-cardiogenic pulmonary oedema, hydrops fetalis, 1057. 1063 transit test, 549, 550-2 auteriovenous fistula, 1568-9

1 80 i ndications, 1040 Oesophageal obstruction, neonate, examination techniques, 1566,
Non-Hodgkin's lymphoma, 512, 513, multiple pregnancy. 1040, 1063-4 852-3 1 573-5

523-6, 1331 musculoskeletal system, 1061-3 Oesophageal papillomatosis, 563 ultrasound, 1566-70
cardiopulmonary transplantation normal examination, 1040-I Oesophageal perforation. 571 hacmangioma, 1568

complication, 242 nuchal translucency measurement, Oesophageal reflux, 555 i nfection, 1577-8
cellular subtypes. 523 1 040, 1041, 1049, 1055 Oesophageal retention cyst. 564 inflammatory disease (orbital
cross-sectional imaging, 528 placenta, 1064-5 Oesophageal rupture. 79, 224, 225 pseudotumour). 729, 1567-8,
diffuse. 523 second and third trimester, 1040. Oesophageal scintigraphy (transit test), 1 578-9
extranodal presentations, 524-6 1 041, 1042 549,550-2 masses, 1569, 1579-84

central nervous system, 525-6 three-dimensional imaging, Oesophageal stenosis, congenital. l ymphoma, 525, 1568, 1569,
gastrointestinal tract, 524-5 1 039-40, 1834 853 1 593
head and neck, 526 tissue harmonic imaging, 1039 Oesophageal stricture, 76 metastatic tumours. 1569, 1582,
skeletal lesions, 526, 1331-6 transabdominal, 1039. 1043 children, 866 1 583, 1587
testes, 526 transvaginal, 1039. 1043, 1044 corrosive, 558, 559 trauma, 1575-7
thorax, 526 Obstructive pulmonay disease, chronic. reflux oesophagitis, 556.557 varices, 1568

follicular (nodular), 523. 524 75, 161, 165-72, 240, 290 Oesophageal tears, infra-arterial vascular lesions, 1568-9
high-grade, 1335-6 Obturator lymph nodes, 512 vasoconstrictor infusion, 454 Orbital cellulitis, 1520, 1521, 1578
i ntrathoracic, 118-19 Occipital lymph nodes, 510 Oesophageal tumours Orbital emphysema, 1374, 1391
l ow-grade, 1332-3 Occipito-mental (Waters) view, 1390, benign, 563-4 Orbital foreign body, 1577, 1578
mesenteric involvement. 633 1 391, 1519 malignant, 564-70 Orbital fracture, 1389. 1391
nodal presentations, 523-4 Ochronosis (alkaptonuria), 50, 1366, Oesophageal varices, 571-2 blow-out. 1374. 1391, 1575. 1577
REAL classification, 523 1 367, 1438 bleeding, 750 Orbital implants. 1592
staging, 524 Ocular masses, 1589-91 children, 866 Orchitis, 1026
treatment, 524, 1333 Ocular prostheses, 1592 haemorrhage, 440 Organic acidopathies, 1802-3

Non-ionic contrast agents, 419, 618, Oculomotor pareses, 1691, 1693-4, Oesophageal web, 548-9, 853, 1497, Ornithosis. 137
926-7 1 770 1 498 Oroantral fistula. 1537

Non-ossifying fibroma, 1249, 1287, Odontogenic keratocyst (primordial Ocsophagitis Oropharyngeal carcinoma. 1497, 1498
1 289 cyst), 1542, 1543 caustic. 559 Oropharynx, 543

Non-rotation anomaly, 858 Odontoid fracturelapparent fracture children, 866 Orthoptic ncobladder, 1000, 1001,
Non-seminomatous germ cell tumours, ( Mach effect), 1398 drug-induced, 559 1 003

1 028, 1029, 1031, 1032 Odontomes, jaw, 1535 nasogastric tube, 559 Os odontoideum, 1] 20, 1398, 1656
Non-specific urethritis, 1017 complex, 1535 opportunistic infections, 557-8 Os peronetnn, 1114
Non-steroidal anti-inflammatory drug compound, 1535, 1536 radiation, 559 Os tihiale extcrnum, 1 114

(NSAID) enteritis, 632 Oesophageal adenoma, 563 reflux, 550, 552, 556-7 Os trigonum, 1114, 1115



Osgood-Schlatter disease (tibial leukaemia in children, 1327, 1329 postmenopausal, 1356
tubercle osteochondritis), multiple myeloma, 1339, 1340 regional migratory, 1367
1 1 86-7, 1377, 1378 non-Hodgkin's lymphoma, 1336 rheumatoid arthritis, 1202 Pacchionian body calcification, 1623

Osler-Weber-Rendu syndrome plasmacytoma, 1337, 1338. 1339 senile (involutional), 1356 Pacemakers, 235, 294, 295

(hereditary haemorrhagic Osteoma, 1254-5 skull vault, 1639 Pachydermoperiostosis, 1232

telangiectasia), 316. 564, 743, jaws, 1544 transient (regional), 1367, 1380 Pachygyria, 1734-5

1 712 paranasal sinuses, 1523-4 Osteosarcoma, 1250, 1261-9, 1270 Paediatric abdomen, 849-84

Osseous choristoma (choroidal petrous temporal bone, 1609, 1610 anaplaslic, 1262 adrenal masses, 876-8

osteoma), 1562-3 skull local hypcrostosis, 1640 central, 1266-7, 1272 cysts, 867. 868

Ossicular dislocation, 1605-6, 1607 Osteomalacia, 49, 1353, 1354, 1355, chondroblastic, 1262 gastrointestinal masses, 882-3

Ossification centres, 1847-9 1 377 diaphyscal, 1263, 1266, 1271 hcpatohiliary masses. 878-81

Ossifying fibroma, 1640 axial, 1356 fibroblastic, 1262 i maging techniques, 849-51

Ossifying pneumonitis (idiopathic spinal involvement, 1653 giant cell-rich, 1293, 1294 pelvic masses. 883-4

pulmonary ossification), 214 Osteomyelitis, 1155-63, 1520 i maging features, 1263 renal masses, 874-6

Osteitis deformans see Paget's disease adults, 1 155 jaws, 1546, 1547 splenic masses, 882

Osteitis pubis, 1161 hone biopsy, 1159 metastatic spread, 1262, 1264, Paediatric chest, 247-62

Osteoarthritis, 1222-9 Brodie's abscess, 1159-60 1 265 cardiothoracic ratio, 249

cysts and geodes, 1223, 1224, 1312 children, 1 155 multifocal, 1267 congenital abnormalities, 249-50,

erosive, 1226 cloacae, 1156, 1158 osteoblastic, 1262, 1265, 1267 251-4

hands, 1225 complications, 1161 Paget's disease, 1262, 1268-9, diaphragm, 254-6

hip joint, 1223-4 computed tomography (CT), 1 158 1 274 pulmonary underdevelopment,

joint space narrowing, 1222 feet, 1161 parosteal, 1268, 1273 250-I

joint space remodelling, 1222-3 hands, 1161 radiation-induced, 1267, 1272 i maging techniques, 247-8

knee joint, 1225, 1227 i nfants, 1155 skull local hyperostosis, 1640 i mmunocompromised child, 260

l oose bodies, 1223, 1224, 1225 i nvolucrum formation, 1 156 soft tissue, 1267, 1272 i nhaled foreign body, 260, 261

secondary to rheumatoid arthritis, magnetic resonance imaging (MRI), mediastinum, 69 newborn infant, 256-9

1 207 1 1 58-9 lelangiectatic, 1262, 1263 older child, 259-63

houlderjoint, 1224-5, 1227 mandible, 1160 Ostcosclerosis pleural effusions, 249

spine see Spinal degenerative disease osteonecrosis, 1 180 benign in jaw, 1535, 1536 soft tissueslartefacts, 249

Ostcoblastoma, 1258-61, 1661 pelvis, 1 161 metaphyscal, leukaemia in children, thymus see Thymus

Ostcochondritis dissecans plain film, 1 156-7 1 327 trachea, 249

(osteochondral fracture), radionuclide imaging, 1157-8 Ostiomeatal complex, 1520 Paget s disease (osteitis deformans),

1190-1, 1374, 1375, 1386, 1387 sclerosing of Garre, 1 159 Otitis externa, malignant, 1612, 1614 49. 50, 1192-8

Osteochondritis (osteochondrosis), sequestra, 1 156, 1 158 Otosclerosis (otospongiosis), 1612-13 complications, 1196, 1 197

1 1 81-91, 1377 skull, 1160, 1161, 1638-9 fcnestral, 1613-14 differential diagnosis, 1196. 1198

adults, 1189-90 spine, 1161-2, 1659 Ovarian carcinoma, 1081, 1085, 1086, i maging, 1193-6

capitellum, 1 188 subacute of mandible, 1533, 1534 1 092, 1104 jaw lesions, 1534, 1536

femoral capital epiphisis, 1182-6 Osteonecrosis, 1179-81, 1385 metastases, 632, 633, 757, 777 l ong bones, 1 193

I nnate, 1189, 1378, 1380 causes, 118 1, 1 182 risk factors, 1081 malignant degeneration, 1] 96, 1 197

medial tibia) condyle (tibia vara), drug-related, 1 181 screening, 1084 osteoporosis circumscripta, 1193,

1189 dysbaric (Caisson disease), 1191-2 Ovarian cyst, 1078-9, 1084, 1091, 1 639

metatarsal head, 1 187 epiphyseal abnormalities. 1180 1 1 02. 1 1 03 pathological phases, 1193

patella. 1188-90. 1377 magnetic resonance imaging (MRI), aspirationldrainage, 1092-3 pelvis, 1193-4, 1195

tarsal navicular, 1187 1181 children, 883, 884 petrous temporal hone, 1614
tibial tubercle, 1186-7, 1377, 1378 patholo g y. 1 179 torsion, 688. 1091 sarcomas, 1262, 1268-9, 1274

types, 1 182 radiation-induced, 236, 238 Ovarian cystadcnocarcinoma, 1104 skull, 1193. 1194, 1640

vertebral body (vertebra plana), radionuclide imaging, 1180, 1181 Ovarian cystadenoma, 1 104 spinal involvement, 1194, 1195,

1 1 87, 1341 stages, 1179-80 Ovarian failure, primary (premature 1 653, 1658, 1662

vertebral epiphyseal plates Osteopathia condensans disscminata menopause), 1073 Palmaz stem, 451, 734

(adolescent kyphosis), 1 188 (osteopoikylosis), 1 130 Ovarian follicles, 1 102 Panhronchiolitis (Japanese

Osteochondroma, 1272, 1278-9 Osteopathia racemosa, 24 Ovarian hyperstimulation syndrome, panbionchiolitis), 173

diaphyscal aclasis, 1278, 1280, 1281 Osteopathia striata (Voorhoeve's 1 084 Pancoast (superior sulcus) tumours,

Osteoclastoma (giant cell tumour'), disease), 1 130 Ovarian torsion, 884, 1079 25. 97, 109-10, 113, 114, 125,

1 292-3, 1294 Osteonetrosis (marble bones; Doppler ultrasound, 471 1 26, 128, 1254

jaws, 1539, 1544 Alhcrs-Schonberg disease), 49, Ovarian turnouts, 1004, 1081-4 Pancreas, 787-822

Ostcogcnesis imperfecta, 1062, 1114, 1126, 1127, 1 128 children, 883 anatomy, 796, 811

1124-6, 1366 hyperostosis of skull, 1640 diagnostic features, 1083-4 ductal, 806. 807, 812

petrous temporal hone, 1612-14 jawlteeth involvement, 1128, 1541 Doppler ultrasound, 471 relations, 810, 812

spinal involvement, 1653, 1658 Ostcopoikylosis (osteopathia epithelial, 1081-2 variations, 812

type I, 1124 condensans disscminata), 1130 malignant. 1081 blood supply. 812
type 2, 1 125 Osteoporosis, 49, 1234, 1356-8, 1377 metastatic (Kruckenberg's tumours), calcification, 787, 788, 791, 792,

type 3, 1 125 ankylosing spondylitis, 1220 1 083 796, 798, 819, 821

type 4, 1125-6 causes, 1356 Ovarian vein .syndrome, 493 congenital disorders. 789-90

Ostcogcnic sarcoma Cushing's syndrome, 839, 1358, Ovaries, 1070-1, 1090, 1102-3 development, 808-9. 810

Paget's disease malignant 1 359 blood supply, 1071, 1072 i nvestigation methods, 787-9

degeneration, 1196. 1 197 dissuse, 1363 Doppler ultrasound, 471 computed tomography (CT),

soft tissues, 1441 drug-ltoxin-induced, 1366 multifollicular, 1072-3 795-6

solitary pulmonary metastases, 117 endocrine disorders, 1358-66 ovulation disorders, 1072-3 endoscopic retrograde

Osteoid osteoma, 1249, 1255-8, 1259, hyperthyroidism, 1359 size/volume estimation, 1070, 1 102 pancreatography (ERP/ERCP),

1 260, 1661 hypogonadims, 1358-9 Ovulation disorders. 1072-3 806-9
Osteolytic lesions hypoparathyroidism, 1360-I Ovulation induction, 1084 endoscopic ultrasound, 821

Burkitt's lymphoma, 1336, 1337 i diopathic juvenile, 1126. 1127, Oxalosis (primary hyperoxaluria), magnetic resonance imaging

eosinophilic granuloma, 1341 1 356-7 1 366 (MRI), 801-2

Hand-Schuller-Christian disease, i diopathic male, 1357 Oxycephaly, 1624 ultrasound, 810-12

1 343 localised, 1367 Oxygen toxicity, pulmonary damage, trauma, 704-5

Hodgkin's disease, 1331 osteomyclitis. 1156 1 95 ultrasound-guided interventions, 820



Pancreas divisum. 790. 791. 806. Paraduodcnal hernia, 599-600, 631 Patent foramen ovale. 267. 374 Seldinger technique. 418
808-9, 810, 818 Paraffin aspiration, 195 paradoxical embolus, 437 selectivelsuperselectivc

Pancreatic adenocarcinoma. 441, 788, Paraganglioma. 833. 845. 1759 Patent processus vaginal is, 1022-3 catheterisation. 418
792-3, 798, 799, 802, 803, 804. somatostatin receptor scintigraphy. Patent urachus, 989 systemic heparinisation, 421
805, 807-8, 913, 840 660,661 Paterson-Brown Kelly syndrome, technique, 418-20

angiography, 444 Paragonintiasis 1 497. 1498 Percutancous hiliary tract stone
hiliary drainagelscenting, 733 brain infection. 1633. 1791 Pathological fractures. 1377 procedures. 725. 733
differential diagnosis, 815 l ung manifestations, 151 Gauche''s disease, 1344-5 Percutaneous biopsy
fine needle aspiration biopsy. 814 Parayoniwus westernsanii. 1 633, 1791 multiple myeloma, 1340 hepatobiliary. 733
gastroduodenal Paraintiuenza pneumonia, 259 Paget's disease, 1 196, 1 197 kidney. 905

i nliltrationldisplacement, 597, Paralytic ileus, 620, 668, 678-9, 688, ribs, 49 magnetic resonance imaging (MRI),
601 871 Pectoralis muscle, congenital 1 446

pancreatic duct abnormalities. 732. Paramenisccal cyst. 1426 absence/hypoplasia. 1454. pancreas, 787
807, 813 Parapharyngeal lesions, 1498-503 1 455 Percutaneous cholangiography (PTC),

staging, 814 masses, 1501-3 Pectus excavatum, 47-8, 290, 291 719
uncinate process, 814 Parapharyngeal space. 534 Pelitaeus-Merzbacher disease. 1802 Percutaneous gastrostomy. 609

Pancreatic agenesis. 790 Parasitic disease Pelligrini-Stieda lesion, 1381, 1437 Percutaneous mitral balloon
Pancreatic aplasia. 790 biliary systern, 730-I Pelvic abscess. 991 commissurotunty, 359. 360.
Pancreatic cavernous lympha ngiotna. brain, 1788-91 Pelvic congestion syndrome. 1(170 361

788 colitis. 652 Pelvic extraperitoneal spaces, 888 Percutancous ncphrolithotomy, 900,
Pancreatic cyst. 792, 796. 800. 819 small bowel, 627 Pelvic floor. 888 901, 902-3. 904

congenital, 792. 881 soft tissue calcifications. 1437-8 Pelvic fracture. 1400-4 Perutaneous nephrostomy, 900,
Pancreatic cystadenocarcinoma, 799 Paraspinal lines, 6, 58 acetabulunt, 1402-4 901-2,969
Pancreatic cystadenonta. 444. 445 Paraspinal mass, 61. 62 anteroposterior compression, 1401. Percutancous ovarian
Pancreatic cystic tunmurs, 793-4. 799. Parathyroid adenoma, 68. 69, 1510, 1 402 aspirationldrainage, 1092-3

815 1 515 avulsionigjuries, 1402 Percutancous pancreatography, 787
Pancreatic duct radionuclide imaging. 1507. 1508. classification, 1400-I Percutancous renal cyst aspiration.

calculi, 806. 808, 809, 819 1 509 i solated, 1402 904-5
obstruction, 807, 808, 818 t herapeutic enbolisation, 458 l ateral compression. 1401 Percutaneous Iransluntinal angioplasty.
t umours. 794 Parathyroid carcinoma. 1515 major blood vessel damage, 707 446,447-51

Pancreatic false aneurysm Parathyroid gland mixed patterns, 1402. 1403 adjuvant techniques. 450-I
embolisation, 456 positron emission tontography straddle, 1402. 1403 atheronur removing devices, 450

Pancreatic haemangiona. 788 (PI3"I'). 1508-9 vertical shear, 1402 laser-assisted angioplasty, 450-1
Pancreatic hacmatoma, 788 radionuclide imaging, 1507-9 Pelvic inflammatory disease. 884. mechanical rotating devices. 450
Pancreatic mass in children, 881 ultrasound, 1514-15 1 080-1. 1089, 1 104 antiplatelet drug therapy, 447-8
Pancreatic nticrocystic adenoma, 800 Parathyroid hyperplasia, 1515 Pelvic kidney. 913. 930-1 carotid artery, 450. 1709-1(1
Pancreatic pseudocyst, 78, 686-7, 788. radionuclide imaging. 1507, 1508 Pelvic liponatosis, 654, 991, 1004 cocliac artery. 450

791, 792. 819, 820, 881 Parathyroid tumours, 495 Pelvic lymph nodes, 512-13 coronary arteries (PTCA). 281,
percutaneous drainage. 82(1 Paratrachcal stripelline. 5. 58, 61 Pelvic masses in children. 883-4 358-9

Pancreatic transplantation, 800, 801 Paratracheallparatracheobronchial Pelvic phlehography, 489-97 restenosis. 358
Pancreatic trauma, 800, 820 l ymph nodes, 5 1 1 Pelvic varicosities. 493 i nnominate artery. 450
Pancreatic tumours, 788, 789, 792-4. Paravertebral lesions, 77-8 Pelvintetry. 1065 peripheral vascular disease. 447-9

799-800, 813-15 Parietal foramina, congenital. 1626 Pclviureteric junction obstruction, 970 renal artery. 450. 965
angiography, 444 Parietal lymph nodes, 10 congenital, 938-40 superior mesenteric artery. 450
calcification. 788 Parkinson's disease, 999. 1796-7 dynamic radionuclide studies. 918 vertebral artery. 450
see also Islet cell tumours dopamine transport system imaging, endoscopic pyelosis Percutaneous vertebroplasty, 1721-2

Pancreaticoblastoma. 792, 881 1 816 (endopyelotonty), 903 Pericardial calcification, 333. 334
Pancreatitis Parostcal ostcosarconta. 1268. 1273 percutaneous balloon dilatation, 904 Pericardial cyst. 61. 307. 308, 335. 336

acute. 87. 686-7. 788. 789, 790-1. Parotid abscess, 538 prenatal diagnosis, 1060-I Pericardial defect, congenital, 308
792, 796-7, 805, 806, 815-16 Parotid gland, 1515 Pclviureteric junction trauma. 702. Pericardial disease, 305-7, 332-5

aneurysms. 428, 429 anatomy. 533. 534 703.975 Pericardial effusion. 112. 305, 306.
complications, 806, 816. 817 parapharyngeal masses. 1501, 1502 Pemphigoid, oesophageal involvement. 307,309
l ocalised ileus (serttincl loop). 621 Parotid haemangionia, 540 549,559 computed tomography (CT), 333-4
recurrent, 817 Parotid lymph nodes. 510 Pendred's syndrome, 1506. 1603 echocardiography, 332-3
severity indicators, 817 Parotid sialosis, 538 Penile carcinoma, 1033-4 fetal sonographic detection, 1056

chronic. 789, 791. 792, 798. 804, Parotid tumours, 535, 540, 541, 542, penis, 889, 896, 1033-4 magnetic resonance imaging (MRI),
805. 8(16, 808, 817-18. 881 543 haemodynamics assessment. 1035 334

hiliary strictures. 729-30 Parotitis. acute. 537-8 trauma, 1034 post-myocardial infarction, 298-9
pancreatic duct calculi, 808, 809, Partial anomalous pulmonary venous Pentalogy of Cantrell, 1059 Pcricardial hydatid disease, 308

819 connection, 74. 395 Peptic ulcer disease Pericardial masses. 335
local, 816 Partial gastrectonty ana,stornosis site. 608 Pericardial space. 265, 268
hereditary, 789, 791 Billroth I. 605, 606 hiphasic barium meal examination, Pericarditis, 306, 307

Papilla of Santorini. 578 Billroth II (Polya operation), 606. 581-2 computed tomography (CT), 333-4
Papilla of Vater, 578 60T608 children, 866 echocardiography. 332-3
Papillary epithelial pancreatic tumours, earlyllate complications, 591. 607, gastric outlet obstruction, 669 magnetic resonance imaging (MRI),

794.799 608. 610-I I oesophageal reflux. 555. 557 334
Papillary fibroclastoma, 337 Patella perforation, 585, 668 Pericardium, 265
Papillary necrosis, 977-8 congenital anomalies, 1114 Percutaneous arterial catheterisation, congenital absence, 334-5
Papilloma fracture, 1411 418 Pericolic abscess. 645. 649

breast, 1465, 1473 osteochondritis. 1188-9, 1377 anaesthesia, 418-19 Perilunate dislocation, 1409-10
bronchus, 124 Patent ductus arteriosus, 363. 374, complications, 421-2, 436 Perinephric abscess, 943-4
l arynx, 1498 376-8 contrast media. 419 Perinephricspace. 886-7
paranasal sinuses, 1524 i maging, 377 dosage. 419-20 Periodontal disease. 1532-3
trachea. 161 physiological changes at birth, 369 reactions, 420-1 Periodontal ligament, 1531

Paracaecal hernia. 631 treatment. 228, 377-8 historical aspects. 4I I Perioptic subarchnoid space dilatation.
Peracolic abscess. 645, 682 transcatheter occlusion, 364, 378 pharntacoangiography, 421 1 596



Periosteal reaction, 1153-5 pH probe 24h monitoring, gastro- microadenomas, 1637, 1749, 1750, fungal chest infection, 145-9

causes, 1153 ocsophagcal reflux, 865 1 751 hilar enlargement, 27

Gaucher's disease, 1345 Phaeochromocytoma, 42, 75, 495, 785, skull erosion, 1637 i nspiratorylexpiratory paired films, 5

leukaemia in children, 1327 826, 829. 841-5, 846, 847, 848, somatostatin receptor scintigraphy, i ntensive care patient, 290

non-Hodgkin's lymphoma, 1335 878 660 i nterpretation of abnormalities, 14-29

rheumatoid arthritis, 1204, 1209 blood samplinglhormone assay, 829, Pituitary carcinoma, 1637 Kerley B lines, 9. 11, 12, 19, 131,

stress fractures. 1413 844 Pituitary fossa, 1619, 1621 1 45, 289

thyroid acropachy, 1 155 ectopic tumours, 841, 844. 846 Pituitary gland calcification, 1623 l ateral view, 2. 13

tumours, 1153-4. 1249 hormone secretion, 840, 841 Pituitary tumour calcification, 1631 li mitations, 29

vascular insufficiency, 1154 i maging investigations, 832, 833, Placenta, 1066 linear shadows, 18-19

Peripancreatic varices, 779 843-5 ultrasound examination, 1064-5 l ordotic view. 4, 177

Peripheral arterial spasm, 435 somatostatin receptor Placenta praevia, 1064, 1066 l ung cancer. 108-11

Peripheral arteries scintigraphy, 660, 661 Placental abruption, 1064 l ung consolidation, 183, 185, 186

Doppler ultrasound examination, Phakomatoses, 1735-8 Placental infarcts. 1064-5 l ungllobar collapse. 26-7, 176, 177,

466-8 Phalangeal distal atrophic changes, Plagiocephaly. 1624 1 78, 179, 180, 181, 182

bypass graft stenosis. 466-7 c1 1 24 Plain abdominal film lymphadcnopathy, 513

dialysis grafts, 467-8 Pharyngeal pouch, 1495, 1496 acute abdomen, 663. 664-8 mediastinal disease, 57, 58

false aneurysm, 467 l ateral, 547 adrenal glands, 827-8, 833 mediastinum, 57

magnetic resonance angiography, posterior (Zenker's diverticulum), biliary tract. 712-14 oblique view, 3-4

474, 481, 482 547 gynaecological imaging, 1085 opaque hemithorax, 28

contrast-enhanced (CE-MRA), Pharyngo-ocsophagcal pouch, 76 i ntra-abdominal sepsis, 682 paediatric chest, 247

474,475-6 Pharynx, 1489-504 l arge bowel examination. 636 pericardial disease, 305-7

Peripheral vascular disease, 417 anatomy. 543 liver disorders, 737-42 pleural effusion, 88

percutaneous lransluminal cysts, 1497 normal appearances, 664-5 pneuniothorax. 94
angioplasty, 447-9 functional disorders, 1495, 1496 paediatric abdomen. 849 postcardiac surgery, 227, 228-9,

adjuvant techniques, 450-1 i maging techniques, 1489-91, 1492, pancreas, 787-8 292-3

balloon size, 448 1 493 pancreatitis, acute, 791 postcro-anterior (PA) view, 1, 2

haemodynamic pressure i nfections, 1497 postoperative abdomen. 679 bones, 12-13

measurements, 448-9 motility assessment, 544-8 small bowel examination, 615 hidden areas, 8

suhintimal procedure. 448 trauma, 1495-7 small bowel obstruction, 618-19, soft tissues, I I-12

Perisplenic varices, 779 tumours, 1497-8 670,671 viewing procedure, 5-13

Peritoneal cavity, 632-4 Phased array coils, 1417, 1821 spleen. 747 pulmonary arterial hypertension,

abnormal fluid collections, 633, Phenylketonuria, 1802-3 ulcerative colitis. 646-7 287-8

680-I Phlebography, 483-507 Plain chest film, 1, 2-29 pulmonary embolism, 237

anatomy, 632-3 contrast media, 486 acute abdomen, 663-4 pulmonary nodule. 19-22

tnctastasic disease, 618, 633, 643 hepatic veins. 493 air bronchogram, 14-16 pulmonary oligaemia, 290

primary disease, 633-4 l ower limb, 483-8 air-space filling. 16-17 pulmonary plethora. 289, 290, 372,
spread of infection, 681 pelvislabdomen, 489-97 aortic aneurysm, 425 376, 378, 386

Peritoneal fluid. 680-1, 817 portal system, 501-3 aortic arch traumatic aneurysm, 425 pulmonary vascular pattern. 271,

Pcrivcntricular leucomalacia, 1811 renal veins, 494, 497 aortic dissection, 427 273, 286-90

Pernicious anaemia, 591, 828 superior vena cava, 497-8 apical shadowing, 25 abnormal patterns, 287-90

Persistent fetal circulation, 258 upper limb, 497-8 apical view. 4 regional abnormalities, 290

Persistent hyperplastic primary Phlebolith, 1435. 1436, 1441, 1443 asbestosis, 194. 195 pulmonary venous hypertension,

vitreous, 1557, 1564, 1591 Photodensitomelry (radiographic asthma, 166, 167 288-90
Persistent primitive sciatic artery, 423 absorptiometry), 1351 bacterial pneumonia, 131-3, 134, silhouette sign. 14
Perthes' disease (osteochondritis of Photodynamic therapy, image-guided, 1 35 silicosis, 189, 191

femoral capital epiphisis), 1 722 band shadows, 18-19 subphrenic abscess. 53

1 1 1 4, 1182-6, 1378-9 Phrenic nerve, iatrogenic damage, 227, bronchial carcinoma, 115 supine view. 4-5

Catterall classification, 1 183 228 bronchiectasis, 163, 164 technical aspects. 5

i maging. 1183-6 Phthisis bulbi, 1566, 1589 cacification, 24-5 tuberculosis, 140-2

stages of disease, 1183 Phyllodes tumour, 1465, 1466 cardiac disease, acquired, 283-90 unilateral hypertransluccncy, 27-8

Pes anserinus bursitis, 1426 Phytobezoar, 607, 608, 866 cardiac enlargement, 283-4 viral pneumonia, 136. 137

Petroclinoid ligament calcification. Pick's disease, 1796, 1815 left atria] enlargement, 284 Plain film radiology

1 623 Picture archiving and communication pulmonary vascular patterns, 286, arterial imaging, 41 1-12

Petrol aspiration. 195 system (PACS), 1841, 1842, 287-90 hip dysplasia, congenital (congenital

Petrous temporal hone, 1597-614, 1 843 right atrial enlargement, 284-5 dislocation), I 1 10-1 1

1 838 networks, 1843-4 right ventricular enlargement, l ymphatic system. 513
benign neoplasms, 1609-11 Pigeon breeders, extrinsic allergic 285-6 neck lateral view. 1489, 1490

hone dysplasias, 1612-14 alveolitis, 195-6 thoracic cage chang es. 290 salivary glands, 535

cholesteatoma, 1607-9 Pigmented villonodular synovitis, 1308, cardiac disease, congenital, 363, skull see Skull radiography

congenital ear deformities, 1600-5 1 309, 1310, 1311, 1422, 1428 364,405 soft tissue artefacts, 1432

congenital vascular anomalies, 1605 Pineal calcification, 1621-2, 1630 l eft-to-right shunt, 369 soft tissues, 1432-42

i maging techniques, 1597-600 Pineal displacement. 1627 cardiac imaging, 271-3, 275, 317-18 spine, 1644

skull radiography, 1597, 1619. Pineal tumours, 1630, 1747-8 cardiac size. 271, 283-4 Plasma cell granuloma, pulmonary,

1 62(1 Pineoblastoma, 1748 cardiac implants. 294-5 1 24

inflammatory disease, 1606-7 Pineocytoma, 1748 cardiac transplantation, 293-4 Plasmacytoma, 69, 1337-8, 1339,

malignant neoplasrs, 1611-12 ' Pink puffers', 171 cavitating lesions/cysts. 22-3 1 498, 1529, 1637

trauma MOPED (Prospective Investigation of chest trauma, 217 Plastic stents, 734

Fracture, 1605 Pulmonary Embolism), 343, chronic bronchitis, 167, 168 Plate atelectasis (Fleischner lines), 19

ossicular dislocation, 1605-6, 344.345 coal worker's pneumoconiosis, 191 Platybasia, 1625, 1653

1 607 Pituicytoma (granular cell tumour: cystic fibrosis, 165 Pleomorphic adenocarcinorna, 793

Peutz-Jeghers syndrome, 638, 792, choristoma), 1765 decubitus view, 4, 5 Pleomorphic adenoma

871 Pituitary adenoma, 495, 1749-52 diffuse lung disease, 17-18 l acrimal gland. 1592

gastrointestinal hamartomatous classification, 1749 elderly person. 28-9 paranasal sinuses, 1528

polyps, 589, 626-7, 638 Cushing's syndrome, 839-40 emphysema, 168, 169 salivary glands, 534. 536, 540,

Peyronie's disease, 896, 1034 macroadenomas, 1751, 1752 fluid levels, 23-4 1 502.1515



Pleomorphic xanthoastrocytorna, 1743 bacterial, 131-5, 156 Popliteal cyst, 429. 430, 431 Poststenotic aneurysm, 429. 433
Pleura broncholitis obliterans organizing Popliteal entrapment, 429, 431 Post-styloid space lesions, 1501

anatomy, 87 pneumonia (BOOP), 173, 174 Popliteal primary thrombosis, 431 Post-thrombotic syndrome, 483, 487
calcification, 98-100, 101, 102 bronchopneumonia, 131 Porcelain(calcified)gallbladder, 713. Post-traumatic avascular necrosis,

asbestos exposure-related fungal. 145, 146. 147, 148 724 1 374, 1377-80
plaqueslcalcification, 193, 196 lipoid. 138-9, 140 Porencephalic cyst, post-traumatic. Post-traumatic myositis/myositis

physiology, 87 l obar, 131 1 782 ossificans, 1376, 1380-I, 1441,
scarring, 19 neonate, 259 Porencephaly, 1733. 1734 1 445

thickening, 95-8. 100, 101, 108, older child, 259, 260 Portal hypertension, 602, 749-53. 755, Post-traumatic skull defects, 1639
1 43, 145, 194, 229 opportunistic infections, 153, 156, 767-8,779 Potter's syndrome (renofacial

apical (pleural cap), 25 260 causes, 501 dysplasia), 930, 1017, 1059
trauma, 218-19 pleural effusion, 87 Doppler ultrasound examination, Power Doppler

Pleural adenocarcinoma, 91 postoperative, 231 468 carotid artery stenosis. 464

Pleural disease, 37, 87-106 viral, 136, 137 interventional procedures, 751-3 equipment, 461-2

Pleural effusion, 3, 4, 14, 29, 37, 87-93 Pncumonitis, 131 Positive pressure ventilation transcranial, 466
acute pancreatitis, 817 Pneumopericard ium, 221-2, 228. 257, complications. 223, 230, 234 Preaortic lymph nodes, 512

asbestos exposure, 194 292 Positron emission tomography (PET) Precentral cerebellar vein. 1686
bronchial carcinoma, 1 12.126 Pneumoperitoneum, 6, 7, 10, 50, 228, brain imaging, 1812 Pregnancy

chemical plcurodesis, 46 665-7, 668, 679 epilepsy, 1807, 1831 computed tomography (CT), 1065
chest wall trauma, 219 plain abdominal film, 664, 666 breast cancer. 1830-I double decidual sac sign, 1044, 1047

exudates, 87-8 plain chest film, 663. 665 bronchial carcinoma, 1 15,1830 ectopic see Ectopic pregnancy

Hodgkin's disease, 118, 527 without peritonitis, 667, 668 colorectal cancer, 1830 first trimester (early pregnancy),

i ntensive care patient, 290 Pneumothorax. 5, 50, 87. 93-5, 97, head and neck cancer. 1830, 1831 1 040, 1041, 1043-4

l amellar, 89 1 41, 143, 155, 165, 167, 243, lymph nodes, 515 complications, 1044-6

Legionnaire's disease, 132 244, 257, 290 lymphoma, 1830 gestational age assessment, 1040,

malignant mcsothelioma, 102 aetiology, 94 melanoma, 1831 1 041-3

massive, 88-9 complications, 95 myocardial imaging, 278 human chorionic gonadotrophin,

myocardial infarction, 296, 298 post-lung biopsy, 44 oesophageal cancer staging, 569 1 045-6

paediatric imaging, 249 postoperative, 228, 230, 292 parathyroids imaging, 1508-9 hydronephrosislhydroureter, 971,

percutaneous drainage, 45-6 post-pacemakerinmplantation, 294, recent technical advances, 1829-31 973

postoperative. 227, 228. 230 295 applications, 1830-1 magnetic resonance imaging (MRI),

radiation injury, 236 radiological appearances, 94-5 i nstrumentation. 1829 1 065-6

radiological appearances, 88-93 tension, 94, 98, 99 tracers, 1829 multiple see Multiple pregnancy

free fluid, 88-91 traumatic, 217, 218-19, 1404, 1415 respiratory disease, 38, 43-4 obstetric ultrasound examination see
l oculated fluid, 91 POEMS syndrome, 1340 sinonasal malignancy. 1526 Obstetric ultrasound

rheumatoid disease, 198 Poland's syndrome, 50, 1454 Postembolisation syndrome, 460 osteoporosis. 1366
small, 88 Poliomyelitis, 48, 1426, 1792 Posterior cerebral arteries, 1686 second and third trimester, 1040,

suhphrenic abscess, 681 Polyarteritis nodosa, 197. 201-2, 428, carotid angiography, 1680 1 041, 1042

subpulmonary, 89 630,1154 Posterior cervical space, 1509 Prclaryngeal lymph nodes. 511

systemic lupus erythematosus, 198 Polycystic kidney disease, 792, 879, Posterior choroidal arteries, 1686 Premature infant. 256-8

transudates, 87 881,936 Posterior communicating artery bronchopulmonary dysplasialchronic

tuberculosis, 141, 143 aulosomal dominant (adult type), 936 aneurysm, 1674 l ung disease of prematurity

ultrasound, 45 aulosomal recessive (infantile type), carotid angiography, 1680, 1688 257-8
fetal sonographic detection, 1056 936, 976, 1059, 1060 Posterior fontanel, 1624 Prenatal diagnosis, 1048-9

Pleural fibrosis, 97 hepatic cysts, 758. 769 Posterior fossa veins, 1686-7 see also Obstetric ultrasound

Pleural lipoma, 100, 102, 105 syndromic associations, 936 Posterior inferior cerebellar artery, Prepatellar bursitis, 1426

Pleural mesothelioma. 35, 37, 38 Polycystic liver disease. 769, 781 1 684-5 Presacral space. 654

Pleural tubes, 218, 219, 234 Polycystic ovaries. 1072, 1073, 1088, dissecting aneurysm, 1691 Preshyoesophagus, 550, 552

Pleural tumours, 87, 100-5 1 1 02 Posterior longitudinal ligament Pretracheal lymph nodes, 511

metastatic disease, 37, 100, 103 Polycythaemia, 1327, 1328 ossification, 1222 Prevertebral space, 1509, 1511

Pleurisy, 98 Polydactyly, 1107, 1 109 Posterior meningeal artery, 1684 Priapism, internal pudenda) artery

Pleuropericardial cyst, 66-7, 68 Polyhydramnios, 1051, 1058, 1063 Posterior pararenal spaces, 886-7 embolisation, 459

Plombage, 229, 231 Polymicrogyria, 1735 Posterior pharyngeal Primary sclerosing cholangitis, 728-9

Plummer-Vinson syndrome, 549, 564 Polyp diverticulum/pouch (Zenker's Primitive neuroectodermal tumour

Plummet's disease (autonomous toxic adenomatous, 637, 638, 1540 diverticulum), 76, 547 (PNETlmedulloblastoma),

nodule), 1504, 1505 adenoma-carcinoma sequence, Posterior urethral valves, 1017, 1061 1 748-9

Pncumatocele, 19, 20, 23 640-I Posterior vitreous detachment, 1559, Primordial cyst (odontogenic

Pneumatosis coli, 653 age-related incidence, 640-I 1 565 keratocyst), 1542, 1543

Pneumatosis cystoides intestinalis colorectal distribution, 641 incomplete, 1559-60 Priori disease, 1795, 1797

(cystic pneumatosis), 687 antrochoanal, 1492 Postinfectious encephalitis/perivenous PROACT, 1708

Pneumatosis intestinalis, 631-2 cervix, 1078 encephalitis, 1791 Proatlantal intersegmantal artery,

Pncumocephalus, 1642 endometrial, 1077, 1087, 1088 Postmenopausal osteoporosis, 1356 1 679, 1689, 1690

Pneumococcus (Streptococcus gallbladder, 715, 716 Post-myocardial infarction (Dressler's) Processus vaginalis, 890

pneumoniae), 1 7, 19, 131, 132, juvenile, 871 syndrome, 87. 298, 299, 321 Proctitis, 654

1 36, 156, 1 163, 1 165 large bowel, 637-40, 1540 Postoperative abdomen, 679 Progesterone-only pill, 1073

Pneumoconioses, 189, 191-5 oesophagus, 563, 564 Postoperative chest, 217, 224-31, 290, Progressive massive fibrosis, 191, 193

Pnemnoc),sti.s corinii, 1 6, 23, 29, 70, paediatric gastrointestinal tract. 871 291 Progressive multifocal

72, 97, 154-6, 260, 729, 821 postinllammatory, 648, 649 cardiac surgery, 227, 228-9, 292-3 l eucoencephalopathy, 1793,

Pneumocystography, 1464 sinonasal, 1521-2, 1525-6 general surgery, 230-1 1 794

Pneumomediastinum, 79, 221-2, 223, Polyposis syndromes, 624, 626-7, 637, thoracotomy, 225-7 Progressive supranuclear palsy, 1797

243, 244, 257 638-9, 871 late appearances, 229, 230 Prolactinoma, 1749

Pneumonectomy, postoperative chest, Polysplenia, 250, 749, 775, 790, 882 see also I ntensive care patient Prostate, 1004-7

225,226 Polyvinyl alcohol embolisation, 456, Postoperative pneumoperitoneum, 668 anatomy, 888, 889

Pneumonia, 131, 180 1 092, 1710, 1712, 1717 Postpericardotomy syndrome, 229 magnetic resonance imaging (MRI),

acute, 131-5 Popliteal artery aneurysm, 413, 425 Post- piostatectomy haemorrhage, 906, 911, 912, 1011-12

atypical, 135-8 Popliteal artery angioplasty, 448, 449 908 ultrasound, 896, 897



Prostate cancer, 472, 1006-7, 1012-15 Pulmonary artery aneurysm, 46, 315 Pulmonary myxoma. 124 arterial damage/thrombosis, 436
Gleason grading. 1006 Pulmonary artery angiosarcoma, 122 Pulmonary nodule colitis, 652
magnetic resonance spectroscopy, Pulmonary artery atresia, 477 computed tomography (CT), 35-7 enteritis, 618, 628

1 827 Pulmonary artery banding. 228, 364, multiple. 22, 124 lcucoencephalopathy, 1800
metastases, 777, 1251, 1252, 1253, 374 ossific. 290. 302 l ung. 235-6, 237

1 660 Pulmonary artery flotation rheumatoid disease, 198 pncumonitis, 236, 237
prostate specific antigen (PSA) (Swan-Ganz) catheter, 232, solitary, 19-22, 33. 35, 42, 113-14. radiation fibrosis, 235, 236, 238

l evels, 1006 233,454 1 1 7. 124 mediastinitis, 72
radical prostatectomy, 1000, 1002, Pulmonary artery sling (anomalous positron emission tomography oesophagitis, 559

1 003 origin of left pulmonary artery), ( PET), 43-4 optic neuropathy. 1586
urinary tract reconstruction, 1002 400-1 Pulmonary oedema, 16, 17, 19. 288. see also Radionecrosis

TNM staging, 1012 Pulmonary artery stenosis, 477-8, 479 289 Radiation-induced sarcomas, 236, 239,
Prostate specific antigen (PSA), 1006 Pulmonary artery thrombosis, 315 adult respiratory distress syndrome, 1 267. 1272
Prostatic cyst, congenital, 990-I Pulmonary atresia, 9, 368, 369, 391 243 Radical prostatectomy, 1000, 1001
Prostatitis, 472, 1005 circulation. 370 chest trauma, 220 1 003
Prosthetic heart valves. 228, 294, 330 ductus dependence. 369. 377 drug-induced, 210 Radicular cyst, 1542. 1543

angiographic screening, 362 with intact ventricular septum, 392 i nhalation injury, 195 Radiographic absorptiometry
Protease inhibitor crystals, urinary tract with ventricular septal defect, 391-2 l ung consolidation, 180 (photodensitometry), 1351

obstruction. 967. 968 Pulmonary confluence, 9 myocardial infarction. 296. 297 Radiological information system (RIS),
Protein C deficiency, 436 Pulmonary contusion, 219, 220, 221 postoperative, 227, 230 1 843
Protein S deficiency, 436 Pulmonary embolism, I, 29, 30, 58, re-expansion. 95 Radionecrosis, 1385
Proteus, 944, 965, 966, 979 993 81237-9, 290, 342-5, 436, 487, Pulmonary oligacmia, 290 chest wall, 236, 238
Protozoal pulmonary infections, 492 Pulmonary ossification, idiopathic, 214 i ntracranial, 1766

1 49-50 acute massive, 314-15 Pulmonary plethora, 289, 290 jaws, 1534
Proximal femoral focal deficiency chronic, 315 congenital cardiac disease, 369, 372, ribs, 49

(congenitally short femur), computed tomography (CT), 342 376, 378, 386 skull erosion, 1639
1 113 computed tomography angiography, Pulmonary sarcoma, 121-2 Radionuclide cisternography, 1816

Prune-belly syndrome, 864,940-1, 62,412-13 Pulmonary segments, 9, I I Radionuclide imaging
942, 990, 1061 diagnostic investigations, 40-1, Pulmonary sequestration, 253-4 acute cholecystitis, 686

Pseudo-obstruction 237-9, 342-3 congenital, 152, 153 adrenal gland, 830-3
idiopathic intestinal, 676. 677 i nferior vena cava filters, 453 fetal sonographic detection, angiography, 412
l arge bowel, 653 magnetic resonance angiography, 1 056-7 hiliary tract. 717-18
small bowel, 620-1 478 Pulmonary stenosis, 370, 378-80 bone tumours, 1248, 1249

Pseudoachalasia (secondary achalasia), non-acute, 315 tetralogy of Fallot, 383 brain
553-4 plain chest film, 314-15 treatment, 364, 379-80 dopamine transport system

Pseudoachondroplasia, 1142, 1 143 post-therapeutic embolisation, 460 Pulmonary talcosis, 210, 211, 212 i maging, 1815-16
Pseudogestational sac, 1044 postoperative, 227, 231 Pulmonary torsion, 220 radionuclide cisternography, 1816
Pseudohypoparathyroidism (Albright's pulmonary angiography, 46, 280, 343 Pulmonary valve, 265-6 regional cerebral blood flow

syndrome), 1134, 1361, 1362 recurrent, 453 Pulmonary varix, 316 i maging, 1812-15
basal ganglion calcification, 1634, subsegmental emboli, 238 Pulmonary veins, 9, 265, 266, 267, bronchial carcinoma staging, 115

1 798 thrombolysis, 455 268, 271, 273, 286 cardiac disease, congenital, 405
soft tissue calcification, 1438 ventilation perfusion scan, 38, 39, magnetic resonance angiography, l eft-to-right shunt, 369

Pseudolymphoma, intrathoracic. 120, 40-1, 343, 344-5 477 cardiac imaging, 277-8, 319
1 24 Pulmonary eosinophilia, 150. 151, Pulmonary venolohular syndrome, chest disease, I, 38-44

Pscudomembranous colitis, 651, 680 202-4.210 congenital (scimitar syndrome). coronary artery stress perfusion
Pseudonronas, 1 33, 152, 156, 165, 991 Pulmonary fibroma, 124 251,315,395 studies. 320, 321
Pseudornouos pseudomallei i nfection Pulmonary fibrosis, 163, 175, 188, Pulmonary venous hypertension, gastric motility, 609-12

(melioidosis), 134 1 97,290 288-9.302 gastrointestinal bleeding, 440, 655-7
Pscudomyxoma peritonei, 633 asbestos exposure, 194 Pulsatility index (P1), 463 hip prosthesis looseninglinfection,
Pseudopncumoperitoneum, 667 diffuse. 204-8 Pyelography, 927 1 244
Pseudopseudohypoparathyroidisin. drug-induced, 210 Pyelonephritis hypcrtrophic osteoarthropathy,

1 361 radiation injury (radiation fibrosis), acute, 914, 941-2 1 231, 1234
Pseudosarcoma, oesophagus, 569, 570 235, 236,238 emphysematous, 688. 941943 i nflammatory bowel disease, 659-60
Pseudotumour cerehri, 1586 Pulmonary haematoma, 219, 220, 222 fungal, 948 i slet cell tumours, 787, 821-2
Pseudoxanthoma clasticum, 1440, 1473 Pulmonary haemorrhage, 208. 209, 217 xanthogranulomatous, 944 liver, 759-62
Psittacosis (Chlumvdia psittaci Pulmonary haemosiderosis, 194, Pyeloureteritis cystica, 947, 979 l ymph nodes, 515

pneumonia), 131, 137 208-9,262 Pyknodysostosis, 1123, 1124 Meckel's diverticulum, 657-8,659
Psoas muscle hypertrophy, ureteric Pulmonary hamartoma, 22, 37, 123-4, Pyloric stenosis, hypertrophic in osteomyelitis, 1157-8

displacement, 981 1 25,126 neonate. 853-5 osteonecrosis, 1180, 1181
Psoriatic arthritis. 1216-17 Pulmonary hypertension, 46 Pyloroplasty, 604. 605 paediatric abdomen, 851
Pterygoid (vidian) artery, 1680 congenital cardiac disease, 258. 369, Pyonephrosis, 944 paediatric chest, 248
Pulmonary agcncsis, 26, 28, 250 374,375 Pyopneumothorax, 95, 100 Paget's disease, 1194, 1 196
Pulmonary angiography, 1, 46-7, 280, see also Pulmonary arterial parathyroids, 1507-9

281 hypertension; Pulmonary Perthes' disease, 1184-5, 1 186
Pulmonary aplasia, 250 venous hypertension

Q� �
phaeochromocytoma, 844, 846

Pulmonary arterial hypertension. Pulmonary hypoplasia, 46 pulmonary embolism see Ventilation
287-8. 290, 301, 477 l obar underdevelopment, 250-1 Q fever (Coxiella flu rued) infection), perfusion scan

Pulmonary arlcriovenous Pulmonary infarction, 19. 87 1 31,135,137-8 recent technical advances. 1829-32
malformation, 254, 315, 316, Pulmonary infections, 19, 131-60, 290 Quantitative computed tomography rheumatoid arthritis, 1208, 1209
401-2 predisposing conditions, (QCT), 1352 somatostaun receptor scintigraphy,

cunbolisation, 46, 47, 458, 460 congenitallacquired, 152-3 660-I
Pulmonary artery, 8, 60, 62. 265, 266, see also Pneumonia spine, 1648-9

267, 269, 272, 273, 286, 365 Pulmonary interstitial emphysema, spleen, 762-3
contrast-enhanced magnetic 221,243 testes, 1034-5

resonance angiography premature infant, 257 Radial artery catheterisation. 357. 418 thyroid, 1504-7
(CE-MRA), 475, 477-8 Pulmonary laceration, 219, 221 Radiation injury urinary tract, 912-21



Radiotherapy planning, 520 urinary tract obstruction, 967-8 Renal transitional cell carcinoma. Retropcritoneal fibrosis, 80, 729, 981-2
Radium ingestion, 1267 Renal calyceal diverticulum. 938 959-60, 961, 963 Retroperitoneal haemorrhage, 449
Radius Renal cell carcinoma, 953-7, 963 Renal transplantation. 982-6 Retropcritoneal lipoma. 848

congenital defects, 1 108 angiography. 442 acute rejection, 984 Retroperitoneal para-aortic lymph
distal fracture, 1372, 1407, 1408 children, 876 angiography, 443 nodes, 512
head fracture, 1407, 1416 duodenal invasion, 598 ciclosporin ncphrotoxicity, 984 Retroperitoneal tumours, 845. 848

Radius-ulna synostosis. 1 108 embolisation. 456, 457, 458, 906, computed tomography (CT) Retroperitoneum, 885-8
Ramstedt's pyloromyotomy, 855 907. 957 angiography. 1840 Retropharyngeal abscess, 1497
Rapunzel's syndrome, 609 metastases, 1 17, 956, 957, 1251, Doppler ultrasound, 471 Retropharyngeal lymph nodes, 510
Rashkind device, 378 1 252-3, 1254 early graft failure. 983-4 Retropharyngeal space, 1509, 151 1
Rashkind septostomy. 364, 386, 388 Robson classification. 954 fluid collections, 986 Retrostcrnal goitre, 62, 64
Rastelli procedure. 390, 392 TNM staging, 954-5 scintigraphic funtion assessment. Reversible ischaemic neurological
Rathkc clclt cyst, 1763 vascular involvement. 956 917,919-20 deficits (RINDS), 463
Raynaud's disease, 455, 1439 Renal colic, 688 surgery, 982-3 Reye's syndrome, 1791
Raynaud's phenomenon, 433 Renal cyst, 950-2, 1838 transplant artery transluminal Rhabdoid tumour, 874-5
Reactive gastritis, 579-80 angiography, 442 angioplasty, 450 Rhabdomyoma, 308. 337. 402. 1055.
Rectal carcinoma. 643. 655 dialysis-related, 952 transplant trauma, 699, 703 1 056
Rectal disorders. 653-4 percutaneous aspiration, 904-5 ureteric obstruction, 985-6 Rhabdomyosarcoma, 883
Rectal prolapse syndromes, 654 simple, 950, 963 vacular complications. 984-5 bile duct, 722
Rectum. 635 classification of malignant Renal trauma, 699-703. 971-5 bladder. 997
Red blood cell disorders, skeletal potential, 951-2 classification. 974 orbit. 1569, 1579

abnormalities, 1321-7 parapelviclperipelvic, 951 i maging. 700-2, 972-4 paranasal sinuses, 1529
Red cell aplasia, 65 Renal duplication abnormalities, 933-5 Doppler ultrasound, 470,471 soft tissues, 1428
Reed-Sternberg cells, 118, 521 Renal dysplasia, 930, 931 i ndications. 702. 971 Rhabdosarcoma. 337
Reflex sympathetic dystrophy .see Renal ectopia, 913-14, 930-1, 932 management, 703 Rhesus incompatibility, haemolytic

Regional pain syndrome Renal failure, acute, 919 staging systems, 702, 703 disease of newborn. 1063, 1326
Reflex nephropathy. 946-7, 976 Renal failure. chronic, 976-7, 1474, Renal tubular acidosis, 1128, 1129 Rheumatic heart disease, 403

ilea) conduit-related, 947, 948 1 475 type I (distal), 977 aortic valve, 326, 327
Relux oesophagitis. 550, 552, 556-7 arterial calcification, 412 vitamin D-resistant rickets, 1354 regurgitation, 300
Regional cerebral blood flow imaging, contrast media risks, 421 Renal tubular necrosis. acute post renal stenosis, 300

1 812-16 skeletal manifestations, 1364, transplantation. 983-4 mitral valve. 328. 329
applications, 1813-15 1 365-6 Renal vascular abnormalities, 932-3 regurgitation, 303
HMPAO technique. 1812 Renal function, scintigraphic Renal vascular disease, 963-5 stenosis. 301. 302
i nterpretation. 1812 assessment, 912-21 hypertension, 480. 919 pulmonary artery thrombosis. 315
tracers. 1812 captopril scintigraphy, 917, Renal vein, 483, 887 tricuspid valve disease. 303

Regional pain syndrome (reflex children. 925 phlebography, 494, 497 Rheumatoid arthritis, 47, 48, 197, 538,
sympathetic dystrophy; DMSA scintigraphy, 913 renin assay, 495 539, 630, 661, 1201-13, 1421,
Sudeck's atrophy; dynamic studies. 914-17 Renal vein thrombosis, 494-5, 965 1 468
algodystrophy). 1367, 1380, radiopharmaceuticals. 914-15 Doppler ultrasound, 469-70 arthrography. 1207-8
1 426 renogram, 916 Renin-secreting,juxtaglotnerular cell atlanto-axial suhluxation, 1657

Reiter's syndrome, 1216, 1217-18 response to dieresis, 916-17 tumour, 442-3 childhood farm, 1214
Relapsing polychondritis, 62, 75. 161, glomerular filtration rate, 912-13 Reninoma, 949 computed toniography (CT), 1209

1 62,201 pharmacological stress tests. 912 Renofacial dysplasia (Potter's i ntraosseous cystslgeodes, 1205.
Renal abscess, 876, 942-3 renal transplant. 917 syndrome), 930, 1017. 1059 1 206
Renal adenoma, 442, 950, 995 tracers, 912 Renogram, 916 magnetic resonance imaging (MRI),
Renal agenesis, 861, 929-30, 1065 Renal hypoplasia, 930 Residual tumour mass, 520-I 1 211-13

bilateral, 930, 1059-60 Renal infarct. 963-4 Resistance index (RI), 463 periosteal reaction, 1204, 1209
unilateral. 1060 Renal lipoma, 950 Respiratory acinus, 9, 11 plain film joint changes, 1201

Renal angiography, 906, 907 Renal lymphoma, 957-8 Respiratory distress syndrome (hyaline alignment deformities. 1202-4
Renal angiomyolipoma, 442 Renal masses, 442-3, 914, 949-63 membrane disease), 256-7 Boutonniere deformity, 1203. 1204
Renal arteriovcnous maltiirmation, 949 benign, 949-53 Respiratory syncytial virus, 135, 172, erosions, 1204-7, 121 1

embolisation, 456 Doppler ultrasound. 471 259 joint space widening/nan'owing.
Renal artery, 887 i ndeterminate. 963 Respiratory tract infection in children, 1 202-3

accessory, 423 malignant, 953-63 259 osteoporosis, 1202
contrast-enhanced magnetic resonance metastatic tumours, 958 Restrictive cardiomyopathy, 299, periostitis, 1204

angiography (CE-MRA), 475 paediatric abdomen, 874-6 325-6 sacroiliac joints, 12(16
magnetic resonance angiography. Renal medullary carcinoma, 962-3 Retention cyst secondary osteoarthritis, 1207

480-I Renal mcgacalycosislpolycalycosis, oesophagus, 564 soft-tissue, 1201, 1202
Renal artery aneurysm, 414, 965 940,941 paranasal sinuses, 1523, 1524 terminal phalangeal sclerosis.
Renal artery embolisation, 456, 957 Renal mesenehymal tumours, 949-50 Retina, 1552 1 202. 1203
Renal artery occlusion, thrombolysis. Renal oncocytoma. 958-9 pathology. 1555-6 radionuclide imaging, 1208, 1209

456 angiography, 442 post-traumatic holes, 1565 spine. 1206-7, 1653
Renal artery stenosis, 429, 431-2, 919, Renal ostcodystrophy, 1364, 1365 Retinal detachment, 1554, 1555, 1557, CllC2 lesions, 1212-13, 1214

964-5, 976. 980 temporomandibularjoint 1 576 temporomandihularjoint, 1546.
computed tomography (CT) i nvolvement, 1546, 1548 Retinoblastoma. 1563. 1590-1 1 548

angiography, 964 Renal pelvis carcinoma, 442 differential diagnosis, 1563-4 ultrasound. 1209-11
Doppler ultrasound, 469, 470, 964 Renal pelvis obstruction Retinocerebellar angiomatosis see Von Rheumatoid disease, 163, 1312
magnetic resonance angiography, dynamic radionuclidc studies, 918 Hippel-I.indau disease Caplan's syndrome, 191, 192. 198

480. 481. 964-5 urodynamic studies, 922-3 Retinopathy , of prematurity, 1 564, chest disorders, 198-9
percutaneous transluminal Renal pseudotumour, 443. 929 1 589 Rheumatoid nodule. 23. 37

angioplasty, 450 Renal rotational abnormalities, 930, Retinoschisis, acquired, 1556 Rhinoscleroma. 161. 1523
stem insertion, 450, 451 931 Retrocaval ureter, 940 Rhinosinusitis, chronic, 1521

Renal artery trauma, 974 Renal sarcoma, 963 Retrograde pyelography. 897-8 Rib fracture, 49, 217-18. 1404, 1415
Renal biopsy, percutaneous. 905 Renal sinus lipomatosis, 949. 950 Retrolcntal fibroplasia, 1564, 1589 aortic transection. 311
Renal calculi. 965-70 Renal squamous cell carcinoma. 960. Retroperitoneal air insufflation, adrenal lung tissue hcrniation, 218

treatment options. 969 961 mass imaging, 829 stress fracture. 217



Rib notching, 48, 229. 230, 290, 380. Salivary gland tumours, 540-3 hemivertchrac, 1119, 1121 Sesamoids at metatarsal heads, 1114,

1 301 benign, 540-I Screening investigations 1 1 1 5

Ribs, 48-9 fi ne needle aspiration cytology, 543 breast cancer see Breast cancer Sex cord stromal tumours, 1081, 1082

cervical, 1 120 l ymphoma, 539, 540 screening Shigella, 651, 870

congenital anomalies, 48 malignant, 541-3 colorectal cancer. 644 Shock bowel, 706,707

destruction, 49,113,125 pathology, 541 l ung cancer, 113 Shoulder joint

i ntrathoracic, 48 Salivary gland-type lung tumours, 122 ovarian cancer, 1084 dislocation, 1405-6

l ocalized expansion, 49 Salivary glands, 1501 Scrotal extratesticular tumours, 1026 anterior. 1404, 1405

plain chest film, 12 anatomy, 533-5 Scrotal trauma, 1027 i nferior, 1406

post-thoracotomy defect, 225, 229, i maging, 535-6 Scrotolithslscrotal pearls, 1027 posterior, 1405

230 ultrasound, 1515 Scrotum, 889-90 i maging, I I, 1237-40

sclerosis, 49 Salivary inclusion defect (Stafne's congenital disorders, 1022-3 osteoarthritis, 1224-5, 1227

Rickets, 49, 50, 1114, 1353, 1354 defect), 1538 extratesticular disorders, 1023-7 trauma, 1404-7

acquired hypophosphatacmic, 1354 Salmonella. 627. 651, 870 scintigraphy. 1034-5 tuberculosis. 1 170

vitamin D-resistant Salpingitis isthmica nodosa, 1089 ultrasound, 895-6 Sialadenitis

familial hypophosphatasia, Salter-Harris epiphyseal injury Scrub typhus, 138 acute, 535

1 353-4 classification. 1383, 1384 Scurvy, 49. chronic, 535

renal tubular disorders, 1354 Saphenous veins, 485 Scwachman-Diamond syndrome, 789 myoepithelial (benign

Riedl's thyroiditis. 80, 729, 1514 Doppler ultrasound mapping, 505 Seat-belt injuries, 1462 lymphoepithelial lesion), 539

Right atrium, 267 Sarcoidosis, 161, 1468 bowel, 705 Sialectasis, 538, 539

enlargement, 284-5 arthritis. 1 173 Ihoracolumbar spine, 1400 Sialography, 535

Right colon (caccal) volvulus, 669, bone lesions, 1172-3, 1639 Sebaceous gland calcification. 1473 Sialolithiasis (salivary gland calculi),

676-7,678 CNS involvement, 1794 Segmental lung resection, 225 535, 536, 537

Right heart catheterisation, 356 gastric involvement, 580-I Segmental oriental infarction, 633-4 Sialosis, 538

Right lymphatic duct, 509 mediastinal disease, 70, 71, 72,75 Seizures Sicca syndrome, 199. 200

Right paracolic abscess, 682 nephrocalcinosis, 977 classification, 1804 Sickle cell disease, 315, 962, 1323

Right ventricle, 265 orbital involvement, 1568, 1580, see also Epilepsy skeletal features. 1180, 1323-5,

enlargement, 285-6 1 586, 1588, 1593, 1594 Selective arterial catheterisation. 418 1 326, 1327, 1541

Right-sided aortic arch, 63, 269, 367, paranasal sinuses, 1523 Selective fallopian tube extramedullary haemopoicsis, 78

368, 399, 410 respiratory disease, 20, 25, 27, 35, catheterisationlrccanalisation, soft tissue involvement, 1325

i mpressions on thoracic oesophagus, 36, 42, 187-9, 190. 240 1 090 splenic infarcts, 749

573 restrictive cardiomyopathy, 299. Selenium-75-labelled seleno-nor- Siderosis, 18, 194

tetralogy of Fallot, 383 325-6 cholesterol. 831 Sigmoid volvulus, 677-8

Rigler's sign, 863, 864 Scaphoccphaly, 1624 Self-expanding stents Silhouette sign. 14

Rocky Mountain spotted fever, 138 Scaphoid fracture, 1408, 1409, 1416 arterial, 451 Silicosiderosis, 194

Rodent ulcer, skull erosion, 1636 Scapholunate dissociation, 1409, 1410 biliary, 734 Silicosis, 27. 187, 189, 191, 192,240

Rokitansky-Aschoff sinuses, 724, 725 Scapula, 12 Sellar region Caplan's syndrome, 198

Rotablator, 450 Scapular fracture, 1404-5, 1415 raised intracranial pressure-related l ymph node calcification, 25, 70, 72

Rotational Transluminal Angioplasty Sehatzki's ring. 554-5 changes, 1626, 1627 progressive massive fibrosis, 191

Catheter System (ROTACS), Schcuermann's disease (vertebral tumours, 1749-53 Simon nitinol filter, 453

450 epiphysitis; adolescent differential diagnosis. 1753 Simpson atherectomy catheter, 450

Rotator cuff kyphosis), 1 188 Semicircular canals, 1597, 1598 Sinding-Larsen disease

calcitic deposits, 1421, 1422, 1436 Schilder's disease (diffuse sclerosis), congenital abnormalities, 1603 (ostcochondritis of patella),

i njuries, 1237, 1238, 1239, 1240, 1 800 Seminal vesicle cyst, 990, 991 1 1 88-9, 1377

1 382, 1383, 1406-7 Sclisrosoma, 992 Seminal vesicles, 889, 896 Single photon absorptiomctry, 1351

Round ligament, 1070 Schistosomiasis, 627, 651992-3 Seminoma, 66, 1028. 1029, 1032 Single photon emission tomography

Rounded atelcctasis, 35, 179, 183 brain infection. 1791 Senile (involutional) osteoporosis, (SPECT)

Roundworm see Anaris l ung infection, 151 1 356 epilepsy, 1807

Rubella, 1791 urinary tract disease, 946, 980, 992, Senile macular degeneration, 1556 knee joint imaging, 1236-7, 1239

Russian spring summer encephalitis, 993 Scnning procedure. 388 liver, 759

1 792 Schizenccphaly, 1733, 1734 SENSE acquisition technique. 1821, myocardial imaging, 277. 278, 279

Ruvalcaba-Myhre-Smith syndrome, Schwannoma see Neurilemmoma 1 822 regional cerebral blood low

639 Scimitar syndrome (congenital Sentinel lines, 19 i maging, 1812

pulmonary venolohular Sentinel node imaging, 1831 Alzheimer's disease. 1814

syndrome), 251, 315, 395 clinical applications, 1832 cerebrovascular disease. 1813

Sclera, 1551-2 radionuclide techniques, 515, epilepsy, 1815

Scleroderma (systemic sclerosis), 197, 1 831-2 trauma, 1815

Saber-sheath trachea, 161 538, 565, 1353 Septa] agenesis, 1731 regional lung function, 41

Sacral region imaging, 1644 acro-osteolysis, 1439 Septate uterus, 1075. 1087, 1094 rheumatoid arthritis, 1209

Sacrococcygeal teratoma, 883, 1063 calcinosis circumscripta, 1439 Septic arthritis, 1163-4. 1432 Single ventricle, 370, 392-3

Sacroiliac joint i ntestinal pseudo-obstruction, 620-I i nfants, 1155 Single X-ray absorptiomctry, 1351

fracture see Pelvic fracture l ung disease, 34. 199. 200 hip (Tom Smith arthritis), 1164-6 Sinonasal cancer, 1526-9

osleomyelitis, 1 161 oesophageal involvement, 76, 552, Septo-optic dysplasia (De Morsier's Sinonasal polyposis, 1521-2

tuberculosis, 1 171 553, 554, 555 disease), 1731 Sinus pericranii, 1626

Sacrum phalangeal involvement, 1233-4, 1235 Septum pellucidum cyst, 1731 Sinus of Valsalva, 268, 269-70, 309

i solated fracture, 1402 Sclerosing cholangitis, 722, 724 Scronegative spondyloarthropathies, aneurysm, 73, 314

stress fracture, 1375 Sclerosing encapsulating peritonitis, 1 215-22, 1432 fistula, 399

St Louis encephalitis, 1792 633 diagnostic criteria. 1215 Sinus venosus defect, 374, 375

Salazopyrine, pulmonary Sclerosing ostcitis, postinllammatory in juvenile chronic arthritis, 1214 Sinuses, 1519-29

hypersensitivity reaction, 195 jaw, 1535 Serous cystadenocarcinoma, ovary, anatomy, 1520

Salivary gland calculi (sialolithiasis), Sclerosing sialolithiasis, chronic, 537 1 081 fungal infection, 1522-3

535, 536, 537 Scoliosis, 13, 49, 50, 1108. 1121-2, Serous cystadenoma i maging, 1519-20, 1619

Salivary gland lesions, 537-43 1 256, 1259, 1651 ovary, 883 for functional endoscopic surgery.

Salivary gland lipoma, 1515 classification, 1121-2 pancreas, 793, 815 1 521

Salivary gland mass, 1515 Cobb curve measurement method, Serrated adenomatous polyposis, 638 i nflammatory conditions, 1520-3

Salivary gland strictures, 538 1 1 22 Scrtoli cell tumours, 1028, 1082 physiology, 1520



skull fracture, 1642 Small bowel. 615-32 Soft tissue osteosarcoma. 1267, 1272 Spinal lipoma. 1666, 1667
tumours anatomy. 615 Soft tissue sarcoma, 445. 1428-9, Spinal nerve roots, 1649-_50

benign, 1523-6 radiological investigation, 615-18 1 431, 1444 root sheaths, 1650
l ymphoma, 1528-9 barium follow-through, 615-16 Soft tissue tumours, 1427-32, 1441-2. Spinal nerve tumours. 1758-9
malignant, 1526-9 computed tomography (CT). 618 1 443-4 Spinal stenosis, 1664-6
orbital invasion, 1569, 1570 enteroclysis (small bowel enema), angiography. 445 Spinal trauma. 1391-400. 1655-6, 1837

Sinusitis 616-17 multiple, 1431 associated aortic transecnon, 311
acute, 1520 i lcostomy enema, 617 recurrence. 1431-2 cervical spine, 311, 1392-9
chronic. 163, 1521 magnetic resonance imaging Soft tissues, 1417-48 cervicothoracicjunction imaging

Sipple's syndrome (multiple endocrine ( MRI), 618 calcification, 1249, 1421. 1422, problems, 1415
neoplasia type II). 842. 878, ultrasound. 618 1 435-40. 1445 thoracoluntbar spine. 218. 1399-400
1 507 water-soluble contrast studies, compartment syndrome, 1425 Spinal uunoms, 1666-7, 1668-9

Sites ambiguous, 366 617-18 computed tomography (CT), 1442-5 metastases, 1660, 1669
Sites inverses, 366, 635, 712 Small bowel adenocarcinoma. 625 cystic lesions, 1426-7 Spindle cell carcinoma, oesophagus.
Sites solitus, 366 Small bowel adenoma, 625 foreign bodies, 1432-3 569,570
Sites variations. 365-7 Small bowel atresia. 1057-8 gas, 1433-4 Spine. 1643-71
Sjiigren's syndrome, 121, 1594 Small bowel carcinoids. 626. 633 haematomas, 1422-4 anatomy, 1649-51

l ung involvement. 163, 199 Small bowel dilatation, 670 i nfection/inflammation, 1432, 1435, arachnoid cysts, 1670-I
primary (sicca syndrome), 199, 200 acute ahdomen, 669 1 444 blood vessels, 1650-I
salivary gland disease. 538, 539 Small bowel disorders in children. magnetic resonance imaging (MRII. congenital abnormalities, 1117,

l ymphoma. 539 866-71 1 417-32 1 1 1 9-22
spinal involvement. 1668 Small bowel duplication cyst. 866-7 i nterventional procedures. 1445-8 bony without CNS involvement.

Skeletal congenital disorders. 1107-22 Small bowel duplications, 631 necrosis. 1439 1 653-4
lower limb, 1109-17 Sntall bowel enema (enteroclysis), oedema, 1435 deformity. 1651
pelvis, 1117 616-17 ossification, 1249, 1440-I extradural masses, 1669-70
spine, 1117, 1119-22 Small bowel enteritis, 627-8 plain films, 1432-42 i nstability. 1656-8
upper limb. 1107-9 Small bowel fluid levels, 664 chest. 11-12 i ntradural extramedullary lesions.

Skeletal trauma, 1371-87 Small bowel haemangioma, 625, 630 trauma. 1419-25 1 668-9
regional, 1389-416 Small bowel infarction, 675 fracture associations, 1372-4 i ntramedullary lesions, 1666-8
see

also Fractures Small bowel lipoma, 625 Solitary bone cyst, 1312-14, 1315, i nfarction, 1668
Skin lesions, chest wall, 5(1 Small bowel lymphoma, 524. 625-6 1 316 i nflammatory, 1667-8
Skull. 1617-42 Small hovel malrotation, 630-I Solitary rectal ulcer syndrome. 654 i nvestigations, 1643-9

congenital lesions, 1624-6 Small hovel obstruction, 618-20, 670-5 Somatostatin receptor scintigraphy. 42, l ocalised bone destruction/sclerosis,
erosions, 1635-9 closed-loop. 618 660-1,759.761-2 1 658-6 2

hypcrostosis, 1640-I fluid-filled loops, 670-I adrenal medulla tumours, 833 obstetric ultrasound examination.
l ocal bulging. 1639-40 gallstone ;lens. 673-4 i slet cell tumours, 821-2 1 049-50
osteomyelitis. 116(1, 1 161, 1638-9 i nfants/older children, 871 Sonohysterography, 1077, 1078 plain chest filet. 13, 49-5(1
osteoporosis, 1639 i ntestinal volvulus. 672 South American trypanosomiasis. 76 segmentation failure. 1653
post-traumatic cysts, 1641-2 i ntrinsiclextrinsic causes. 618 Speech recognition dictation system for spondylosis set• Degenerative disc
premature fusion of sutures, 1624 i ntu,s,susception, 674-5 digital workflow, 1844 disease
trauma, 1641-2 management, 671-2 Spermatic cord, 890 Spleen. 509, 746-9
tuberculosis, 1169 neonate. 858-9 Spermatic cord sarcoma. 1026 calcification. 748

Skull fracture, 1389, 1390. 1641. 1781 obstetric ultrasound, 1057-8 Sphenoid carcinoma. 1636 computed tomography (CT). 753.
base of skull. 1389, 1575, 1642 strangulated external hernia, 670, Sphenoid ntucocele, 1522, 1523 758-9
paranasal sinuses, 1642 671.672 Sphenoid sinus. 1520 magnetic resonance imaging (MRI),

Skull radiography strangulation, 618,672 Sphcrocytosis, 1326 785-6
cerebral tumours, localising ' string of heads' sign, 670, 671 Spina hilida. 1050, 1051-3. 1121, radionuclide imaging. 762-3

evidence, 1627-31 Small bowel thickening, children. 1 651. 1652, 1653 Thorotrasl deposition, 748
erosions. 1635-9 869-70 cer ical, 1 108 trauma. 692-5, 759. 762, 763
i ntracranial calcification, 1621-3. Small bowel tumours. 624-7 occulta. 1121 grading. 693, 694

1 628-31 benign. 624-5 Spinal accessory lymph node chain, i maging pitfalls, 693
i ntracranial pressure elevation children, 871 511 management, 693-4

diagnosis, 1626-7 malignant. 625-6 Spinal angiography. 1677, 1678 recovery monitoring, 694-5
mastoids. 1597. 1619 metastases. 626 Spinal angioma (arteriovenous ultrasound, 775-7
neonatelinfant, 1621, 1623-4 ncurogenic. 625 malformation), 1669, 1670, 1697 Splenic abscess. 748-9, 758, 775-6,
optic foramen view, 1573. 1618-19, polyposis syndromes, 624, 626-7 Spinal arteries, 1684 882

1 620 small bowel obstruction, 618 Spinal canal. 1649 Splenic accessory tissue. 882
paranasal sinuses, 1519, 1619 stromal. 624, 626 Spinal cord, 1649-50 Splenic angiosarcoma. 759
petrous bones, 1597. 1619, 1620 Small bowel vascular disease, 630 biopsy. 1721 Splenic cyst. 748. 749, 776, 882

i nternal auditory meatus, 1619. Small bowel volvvlus, 672 compression, 999. 1432 Splenic cmholisation, 459. 694, 752
1 620, 1621 Small cell (oat cell) bronchial Spinal degenerative disease, 1226-9 Splenic focal lesions, 882

pituitary fossa. 1619, 1621 carcinoma, 30, 107, 108. 1 1 3, cervical spine. 1227, 1229, 1230 Splenic infarcts, 749, 775
skull trauma assessment, 1723 1 1 5.660-1 discography. 1228, 1232, 1233 Splenic masses in children, 882
skull vault. 1621 somatostatm receptor scintigraphy, l umbar spine. 1228, 1231, 1232 Splenic rupture, 749
special views. 1617-18 660-I magnetic resonance imaging (MRI). Splcnic turnouts. 749, 759. 776
standard AP projection, 1617, 1618 Smallpox, 1791 1 228-9 l ymphoma, 759, 776
standard basal view, 1617, 162(1 SMASH acquisition technique, 1821 disc high-intensity zones (HIZ), metastases, 759. 776. 777
standard lateral projection, 1617, Smith fracture (scat-hell spinal injury), 1 228. 1233 Splenic vein, 755

1 618 1 400 vertebral body Modic changes, Splenomegaly, 746. 747-8, 776
sutures, 1621, 1624 Smith's tiacture of forearm. 1408 1 228 causes. 747, 882
Towne's view, 1617. 1619, 1620, Sodium tetradecyl sulphate (SDS) thoracic spine, 1228 children, 882

1 622 cmholisation, 456, 458 Spinal dysraphism. 165 1-2 Splenorenal shunt, 779, 780
vascular markings, 1619, 1621 Soft tissue ahscess, 1418, 1432, 1444 Spinal infection, 1658-9 Splenosis, 775

abnormalities. 1634-5 Stilt tissue lipoma, 1418. 1428. 1429, ostcumyclitis. 1161-2 Splenunculus, 747
Sleep apnoea syndrome. 62 1 434, 1441. 1443 i nlectivc discitis, 1162, 1163 Split notochord sy ndrome, 1651
Slipped femoral capital epiphysis, 1384 neck, 1502. 15 1 1 tuberculosis, 1166, 1167-8 Spondylocpiphyseal dysplasia, 1146-7



Spondylolisthesis, 1376. 1378, 1657-8 Doppler ultrasound examination, Sublingual lymph nodes. 510 Syndactyly, 1107, 1 109

Spondylometaphyseal dysostosis, 1 137 464,466 Sublingual space, 535 Synovial chondromatosis. 1308, 1309

Spondylosis see Degenerative disc i nfra-arterial thrombolysis, 1707-8 Submandibular gland, 533, 534, 1509, Synovial ostcochondromatosis, 1426

disease i ntracranial arteriosclerotic disease. 1 515 Synovial sarcoma, 1428, 1441-2

Spongiform degeneration, 1801 1 710 Submandibular gland tumours, 535 Synovioma, 1311. 1313

Sprengle's shoulder, 1 108 magnetic resonance imaging (MRI), Submandibular lymph nodes, 510 Syphilis, 73, 341, 424, 1788

Springwater (benign pericardial) cyst, 1 823, 1824 Submandibular space, 535 boneljoint lesions, 117 1, 1523, 1639

307, 308, 335, 336 transluminal angioplasty Submental lymph nodes, 510 congenital, 1171-2

Squamous cell carcinoma complication, 449 Subphrenic abscess, 46, 53, 231, Syringohydromyelia, 1728-9

bladder, 995 Stromal tumours 681-2, 738-40 Syringomyelia, 1665, 1666

kidney. 960. 961 benign gastric, 588, 589 Subsegmcntal lung resection, 225 Systemic lupus erythematosus, 48,

nasopharynx. 1494, 1495 l arge bowel, 644 Sudeck's atrophy see Regional pain 1 97, 198, 210, 538, 630, 976

oesophagus, 564 peritoneal cavity. 633 syndrome diffuse lung disease, 198

oral cavity, 1544 sex cord, 883 Superconducting magnets, 1819-20 microaneurysms, 428

paranasal sinuses, 1525, 1526 small bowel, 624. 626 Superficial sidcrosis, intracranial. 1770 peripheral arthropathy, 1233

ureter, 979 Strongyloidiasis, 627, 652 Superior accessory fissure, 7 pleural effusion, 87, 198
Squamous papilloma, oesophagus, 563 Loeffler's syndrome. 150-1 Superior cerehellar arteries. 1686 Systemic sclerosis see Scleroderma

Stable angina, 321 Sturge-Weber syndrome Superior labrum anterior posterior Systemic vasculitidcs, 200-2

Stafne's defect (salivary inclusion (encephalotrigeminal (SLAP) injury, 1407, 1419 Systemic-to-pulmonary shunt insertion,

defect), 1538 angiomatosis), 1563, 1590, Superior mesenteric artery, 615 364

Stannosis, 194-5 1 634, 1635, 1737, 1738 anatomical variations, 812 Systolic/diastolic ratio, 463

Staplrylococcus, 537, 627, 1659 Subacute combined degeneration of ileocolic branches, 635

l ung abscess. 22, 23, 138, 139 spinal cord, 1668 position with malrotation, 857, 858
osteomyelitis, 1 155 Subacute (de Quervain's) thyroiditis, ultrasound examination, 472. 810 T
pneumonia, 19, 23. 259 1 507, 1514 Superior mesenteric artery acute
septic arthritis, 1 163, 1 165 Subacute sclerosing panencephalitis, occlusion, 630 T-cell lymphoma, 523, 524, 598. 629

Staphylococcus aureus, 1 52, 165, 942, 1 792 Superior mesenteric artery stenosis, Taenia multiceps, 1 791
1 784 Suharachnoid haemorrhage, 1673. 431,472 Taeuia sagiruaa, 627

pneumonia, 131-2, 133, 136, 156 1 768-9 percutaneous transluminal Tuenia solium, 627, 1437, 1790

toxic shock, 243 aneurysnmal, 1690, 1691 angioplasty, 450 Tailgut cysts, 654

Stein-Leventhal syndrome. 1072 embolisation, 1712 vascular stents, 450 Takayasu's disease, 73, 314, 431,
Stent placement natural history, 1692 Superior mesenteric artery syndrome, 435-6

hiliary tract, 734 site of aneurysms, 1692-3 601,602 aortic arch syndrome, 436
carotid artery stenosis, 1709-10 angiography, 1691-2 Superior mesenteric artery arterial stenoses, 429
i ntracranial arteriosclerotic disease, angiomas/arteriovenous fistulas, thrombosislembolism, 439, 675 Talar fracture, 1378, 1413-14

1 710 1 772 Superior mesenteric vein, 615, 635 Talipes deformity, 11 14-15
veins, 497 causes, 1691 position with malrotation, 857. 858 Talipes equinovarus (club foot),

Stentography. urinary tract, 898 cerebral vasospasm, 1708-9 thrombosis, 630 1 1 1 5-16

Stenver's (oblique posteroanterior) i ntraccrebral haematoma, 1692, Superior rectal artery, 635 Talocalcancal fusion, I 117
view, 1597 1 693, 1767, 1769 Superior sulcus tumours see Pancoast Tamoxifen, 1073, 1 101

Sternal dehiscence, post-cardiac neonate, 1811, 1812 tumours Tapeworm (cestode), 627, 1437
surgery, 229 superficial siderosis, 1770 Superior vena cava. 60, 265, 266, 267, brain infection, 1790-1

Sternotomy, 228, 292 transcranial Doppler ultrasound, 466 272 Loeffler's syndrome. 150
Sternum, 12, 13, 47-8 Suharachnoid-pleural fistula, traumatic, congenital anomalies, 498 Tarsoepiphyseal aclasis, 1136-7

depressed (pectus excavatum), 47-8 1 656 dilated, 74 Tattoos, 1433
developmental abnormalities, 47 Subarticular geode, 1293, 1295, 1312, l eft-sided, 63, 74 Taurodontia, 1538
fracture, 48, 218 1 314 phlehography, 497-8 Taussig-Bing anomaly, 399

Still's disease (acute systemic onset Subclavian arteries, 268, 269 Superior vena caval obstruction, 74. Technetium-labelled colloid
juvenile arthritis), 1214 compression syndromes, Doppler 83, 111 -12, 497, 499-500 gastric motility investigation, 611

Stomach, 575-612 ultrasound, 467 thrombolysis, 456 gastrointestinal haemorrhage, 440,
anatomy, 576-7 Subclavian artery stenosis, 432-3, 465, venous stents, 452 456,655-6
examination methods. 575-6 473 Supernumerary kidneys, 930 Technetium-labelled depreotide, 42

gastric motility, 609-12 arteriography, 433 Supernumerary teeth, 1537 Technetium-labelled red blood cells,
Stomatitis, 549 transluminal angioplasty, 449 Superparamagnetic iron oxides. 778, gastrointestinal bleeding, 412.

Storage disorders, skeletal Subclavian sarcoma, radiation-induced, 783,786 440, 456
abnormalities, 1344-6 236 see also Ultrasmall Technetium-labelled tracers

Straddle fracture. 1402, 1403 Subclavian steal syndrome, 433, 434, superparamagnetie iron oxides acute cholecystitis, 686
Straight back syndrome, 50 449, 465, 1703 Superselective arterial catheterisation, biliary tract examination, 717-18
Strecker stent, 451 Subclavian vein stenosis, venous stents, 418 bone scan
Streeter's bands (constriction rings), 452 Supraclavicular (transverse) lymph hone tumours, 1248

1 1 07, 1177 Subcortical arteriosclerotic nodes, 511 rheumatoid arthritis, 1209
Streptococcus, 259, 537, 1659, 1783-4, encephalopathy (Binswanger's Supracondylar fracture, 1407 cardiac blood pool imaging, 277-8

1 785 disease). 1803, 1815 Supraglottic tumours, 1498. 1500, i nflammatory bowel disease. 659
osteomyelitis, 1 155 Subcutaneous emphysema, 217, 218, 1 503 liver imaging, 759
septic arthritis, 1163, 1164, 1 165 221, 243, 244 Supramitral ring, 394 l ung capillary permeability. 43

Streptococcus paeumoniae see Subdeltoid/subacromial bursitis, 1426 Surgical emphysema, 50-I, 1433-4 l ymphoscintigraphy, 514
Pneuawcoccus Subdural abscess, 1785 pneumothoraxlpneumomediastinum, myocardial imaging, 277, 278, 279

Stress echocardiography. 277 Subdural empyema, 1520 50.79 osteomyelitis, 1 157
coronary heart disease screening, Subdural haematoma, 1693, 1779, Sutures, skull radiography, 1621, 1624 parathyroid imaging. 1508

320 1 782 Swan-Ganz (pulmonary artery adenoma, 68

stable angina, 321 chronic, 1632, 1633 flotation) catheter, 232, 233, regional cerebral blood flow
Stress fracture, 49, 217, 1371, 1374, Subdural haemorrhage, neonate, 181 1 454 i maging, 1812

1 375, 1376-7, 1413. 1416, 1419 Subependymoma, 1746 Swyer-James (Macleod's) syndrome, renal scintigraphy, 912
Stroke Suhglottic tumours, 1498, 1500 28, 171, 172 DMSA, 913-14

carotid artery stenosis, 1709 Subhepatic abscess, 681-2 Symphalangism, 1 107 MAG3, 914-15
cholesterol emboli, 437 Sublingual gland. 533, 534, 1509. 1515 Synchysis scintillans, 1559 retrosternal goitre, 64



thyroid imaging. 1504, 1505 Testicular microlithiasis, 1033 Thymic hyperplasia, 65 prostate cancer. 1012
perchlorate discharge test. 1506-7 Testicular torsion, 1026-7, 1035 Thymic tumours, 64-5 renal cell carcinoma, 954-5

transit test (oesophageal Doppler ultrasound, 472 Thymolipoma, 58, 65 Tom Smith arthritis, 1164-6
scintigraphy), 550 Testicular vein embolisation, 906,909 Thymoma, 58, 59. 61 Tomography, 30

ventilation/perfusion (VQ) imaging, Tetralogy off allot, 367, 368, 369, computed tomography (CT), 65, 66 aspergilloma, 147
38, 39 370, 382-5 ectopic ACTH production, 840 chest imaging. 1, 29

Teeth, 1531-49 balloon dilatation of pulmonary magnetic resonance imaging (MRI), Tongue carcinoma, 1722

absent, 1537 outflow tract, 384 81 Tophi, 1230, 1231, 1233, 1234
anatomy. 1531 cardiac cathetcrisation, 384 plain chest film, 13 Torulosis see Cryptococcosis

bone dysplasias. 1539-40 non-invasive imaging, 383 Thymus, 248-9, 509 Torus mandibularis. 1544
charting, 1531 pulmonary stenosis, 383 computed tomography (CT), 60, Tot-us palatines, 1544

chronology of development, 1532 right-sided aortic arch, 383 64-5 Total anomalous pulmonary venous

cysts, 1542, 1543 treatment, 384-5 magnetic resonance imaging (MRI), connection, 370, 395-7
developmental abnormalities, ventricular septa) defect, 382, 383, 81 diagnostic imaging. 397

1537-8 384 plain chest film. 6 Total cystectomy, 999

endocrine disorder involvement, Thalassaemia (Cooley's anaemia), 49, Thyroid acropachy, 1 155 Total gastrectomy, 606
1 538-9 1 321-3 Thyroid adenoma, 62, 64, 1510, Total proctocolectomy and ilcostomy,

fusion, 1537 extramedullary haemopoiesis, 78 1 512-13 650

hypoplasia (microdontia), 1537 skeletal features, 1322. 1323 Thyroid carcinoma, 62. 64, 1510, Towne's view, 1391, 1573, 1617,
i nfection, 1531-3 jawlfacial skeleton, 1541 1 513-14 1 619, 1620, 1622, 1685, 1687,

postinflammatory sclerosing skull vault, 1640 anaplastic, 1513 1 691

osteitis, 1535 Thalidomide embryopathy, 1107, 1 108 bone metastases, 1251, 1253, 1255 Toxic megacolon, 636, 647. 680
radiographic techniques, 1531 Thallium-201 imaging follicular, 1513 Crohn's disease. 648
supernumerary, 1537 myocardium, 278 medullary see Medullary thyroid differential diagnosis, 647
trauma, 1536-7 parathyroid adenoma, 68 carcinoma i ntestinal emphysema, 687

Temporal arteritis, 436 tetralogy of Fallot, 383 papillary cell. 1513 ulcerative colitis, 647
Temporomandibular joint disorders. Thanatophoric dysplasia, 1061-2, radionuclide imaging, 1507 Toxins, effects on skeleton, 1367-9

1 546-7, 1548, 1549 1 1 42,1144 Thyroid cyst, 1512 osteomalacia, 1353
Tendon calcification, 1421, 1422, 1437 Thecoma, 1082 Thyroid gland, 1510 osteoporosis. 1366

Tendon injury, 1419-20 Thermal ablation, magnetic resonance enlargement Tosocara cams, ocular infection,
musculotendinousjunction, 1420 i maging(MRI), 1446 multinodular, 62 1591-2

subluxationldislocation, 1421 Thoracic biopsy, computed tomography oesophageal displacement, 573 Toxoplasmosis
tears, 1420-1 ( CT) guidance, 31 see also Goitre cerebral infection, 1788-90, 1793,

Tendon myxoid degeneration Thoracic duct, 509.510 radionuclide imaging, 1504-7 1 798
(tendinopathy: tendinosis), Thoracic inlet syndrome, 429, 432, 434 applications, 1504, 1505-7 congenital intracranial lesion
1 420, 1421 Thoracic lymphoma, 526 normal appearances, 1505 calcification, 1632. 1633. 1634

Tenosynovitis, 1421, 1432 cross-sectional imaging, 526-8 perchlorate discharge test, 1506-7 l ung infection, 150, 157
Tension pneumothorax, 94, 98, 99 Thoracic soft tissueslartefacts, preparation, 1504-5 ocular infection, 1592
Tentorial artery. 1680 paediatric chest, 249 ultrasound, I512-14 Trachea
Teratoma Thoracic spine, 49-50 Thyroid mass computed tomography (CT), 60. 62

carotid space, 1502 degenerative disease, 1228 computed tomography (CT), 62. 64 congenital abnormalities, 161

i ntracranial. 1754 fracture, 218 magnetic resonance imaging (MRI), narrowing. 75. 161-2
calcification, 1629-30 associated aortic transaction, 31 1 81 paediatric imaging, 249

mediastinum, 66, 67, 81 Thoracolumbar spinal trauma, Thyroid nodules, scintigraphy, 1504, plain chest film, 5, 13
ovary, 883, 884, 1083 1 399-400 1 505, 1506 widening, 75, 162-3
presacral space, 654 Thoracoplasty, 49, 229, 230 Thyroid ophthalmopathy, 1567. 1579 Tracheal agenesis, 249
retroperitoneum, 848 Thoracotomy, 225, 228 Thyroid tumours, 1512-14 Tracheal bronchus (PIG bronchus).

Terson's syndrome, 1558 bronchopleural fistula, 226-7 Hurthle cell, 1514 250
Testes complications, 225-7 l ymphoma, 1514 Tracheal carcinoma, 161, 162

anatomy, 8911 l ate appearances, 229, 230 malignant, 1513-14 Tracheal intubation-related stricture,
blood supply, 890 diaphragmatic elevation, 227 metastatic, 1251, 1253, 1255, 1514 1 61-2
calcification, 1033 empycma, 225-6 functional, 1504, 1507 Tracheal lesions, 75
magnetic resonance imaging (MRI), pleural fluid, 227 scintigraphic detection, 42 Tracheal stenosis, 161-2, 249

911 postoperative spaces, 225 Thyroiditis, scintigraphy, 1504, 1507 congenital abnormalities, 249
trauma, 1027 Thorium dioxide (Thorotrast) contrast Thyrotoxicosis, 62. 1513 Tracheal trauma, 221, 222
ultrasound, 895-6 medium, 419, 1267 osteoporosis, 1359 Tracheal tumours, 75, 84, 161

Testicular appendix (hydatid of Thorotrast spleen, 748 thyroid scintigraphy, 1504, 1505-6 Trachcobronchomegaly, 75, 162, 163
Morgagni) torsion, 1027 Threatened abortion, 1044-5 Tibia Trachcomalacial

Testicular cancer, 117, 472, 1028-33 Thrombcytopenia-absent radius congenital pseudarthrosis, 1114 tracheobronchomalacia, 62. 63,
germ cell tumours, 1028 syndrome, 1 108 osteochondritis of tubercle, 1186-7, 75,162

non-seminomatous, 1028, 1029, Thromboangitis obliterans (Buerger's 1 377, 1378 congenital abnormalities, 249
1 031, 1032 disease), 433-5 Tibia vary (Blount's disease), 1189. Trachco-oesophageal fistula, 161

seminomas, 1028, 1029, 1032 Thrombolysis, 455-6, 497 1 358 congenital abnormalities, 249-50
imaging. 1028-9 acute ischacmic stroke, 1707-8 Tibia) artery angioplasty, 448. 449 H-type, 852

staging. 1030-2 complications. 455 Tibia) plateau fracture, 1411, 1412 with oesophageal atresia, 852-3
Leydig cell tumours, 1028 hepatic vein thrombosis, 751 avulsion injury, 1383 Tracheopathia ostcoplastica, 161, 162
l ymph node involvement, 512, 514, i ndications, 455, 456 Tibial shaft fracture, 1372, 1412 Tracheopathia/tracheobronchopathia

518, 519, 520, 1029, 1031 procedure, 455 Tietze's syndrome, 49 osteochondroplastica, 75, 212
l ymphoma, 526, 1028. 1032-3 Thrombosis Tissue adhesive embolisation materials, Tracheostomy tubes, 218, 234
metastatic tumours, 1028, 1032 angiography complication, 420, 422 456 complications, 234
Royal Marsden staging system, i ntracranial vessels, 1703. 1704-5 TNM staging system, 518, 519 tracheal strictures, 161, 162

1 029-30 thrombolysis indications, 455 bladder cancer, 1008 Transcranial Doppler ultrasound, 462,
Sertoli cell tumours, 1028 transluminal angioplasty bronchial carcinoma, 115, 117 465-6
treatment planning, 519-20 complication, 449 gastric carcinoma, 593 Transducers, 1039, 1834-5

Testicular cysts, 1027, 1028 Thumb injuries, 1382, 1383, 1410-11. l ymph node imaging, 519 Transhepatic portal phlehography.
Testicular masses, 1027-33 1 414, 1415 oesophageal cancer, 567 502-3



Transhepatic venous sampling, 795 l ung, 219-20. 221 Tuberculoma, 142, 144 renal angiomyolipoma, 876. 949

Transient ischaemic attacks, 463, major blood vessels, 707-8 calcification, 1632, 1633 renal manifestations, 936-7

1 700, 1703, 1777 male urethra, 1018-19 Tuberculosis, 29, 140-4, 1468 skeletal features, 1 198

carotid angioplasty, 450 mesentery, 707 acute parotitis, 537 Tubo-ovarian abscess, 1079, 1093

cholesterol emboli, 437 orbit, 1575-7 adrenal gland, 826, 828 Tularaemia, 134-5, 136

Transient (regional) osteoporosis, pancreas, 704-5, 800, 820 AIDSlimmunocompromised patients, Tumoral calcinosis, 1440, 1445

1 367, 1380 penis, 1034 1 53, 156, 157 Tumour blood supply, angiographic

Transient tachypnoca of newborn (wet pe(rous temporal bone, 1605-6 airway involvement, 144 i nvestigations. 442

l ung disease). 258 pharynxllarynx, 1495-7 arthritis. 1169-71 Tumour doubling time, 518

Transit test (oesophageal scintigraphy), scrotum. 1027 hip. 1 170 Tumour spread, 518

549, 550-2 skeletal, 1371-87 knee. 1 170 Tumour staging systems, 518

Transitional cell carcinoma i maging difficulties (`problem' sacroiliac joint, 1171 Turcot's syndrome, 639, 871

bladder, 995, 996 fractures), 1414-16 shoulder, 1170 Turner's syndrome. 314, 931, 936,

synchronouslmetachronous regional, 1389-416 wrist. 1170-I 1108, 1109, 1151, 1358

tumours, 996 soft tissues, 1372-4, 1419-26 bladder, 991-2 Turricephaly, 1624

kidney, 959-60, 961, 963 spine, 1655-6. 1837 hone, 1166-9 Tylosis palmaris et plantaris. 564

risk factors, 959 spleen. 692-5. 759, 761763 bronchiectasis, 163 Typhlitis (ncutropenic colitis), 632,

ureter, 979 rupture, 749 bronchopneumonia, 142. 143. 144 652.872

Transitional papilloma, 995 teeth. 1536-7 cerebral disease, 1632. 1633, Typhoid enteritis, 440

Transjugular intrahepatic portosystemic Treachcr Collins syndrome 1 785-6, 1787
shunt (TIPS), 453, 454, 752-3. (mandibulofacial dysostosis), epilepsy, 1804

775,780 1 604 children, 259
stenosis, Doppler ultrasound Trematode (fluke) infection, brain, 1791 primary pulmonary disease,

examination, 468 Treponema pallidum, 1 788 259-60 Ulcerative colitis, 646-8

Transjugular liver biopsy, 453, 751 Treponematosis (yaws), 1174-5 secondary disease, 260 hack-wash ileitis. 648

Transluminal Endarterectomy Catheter Trevor's disease (dysplasia epiphysealis colitis, 652, 653 children, 872 .

(TEC), 450 hemimelica; tarsoepiphyseal dactylitis, 1168, 1 169 colorectal carcinoma risk, 648

Transoesophageal echocardiography, aclasis). 1136-7 empyema, 141 contrast studies, 647-8

269, 270, 271, 276 Trichinella spiralis, 1 791 epidemiology, 140 Crohn's disease differentiation, 650

congenital cardiac disease. 363 Trichinosis, brain infection, 1791 greater trochanter, 1 167 joint disease. 1216, 1221

sinus venosus defect, 375 Ti ichobezoar, 608, 609, 866 hilar enlargement, 27 plain films, 646-7

Transoesophageal ultrasound, chest Tricuspid atresia. 370, 393-4 hydrocele, 1023 postinllammatory polyps, 638, 648

trauma, 217 Tricuspid regurg itation, 373 hypertrophic o.steoarthropathy, 1231 radionuclide imaging, 660

Transposition of great arteries, 74, Tricuspid stenosis, 304 i ntestinal disease, 627, 628 surgery. 650-I

367,385-90 Tricuspid valve. 265, 266 l ymphadenopathy, 70, 71, 72. 141, Ulnar congenital defects. 1108

cardiac catheterisation, 387-8 Tricuspid valve disease, 74, 303, 329, 1 42-3, 144, 146 Ulnar fracture, 1407, 1408

circulation, 369-70 330 mediastinal disease, 61, 62, 70. 71, UltrasmalI supramagentic iron oxides

D-loop, 385-6 Trigeminal artery, 1689 72,75 (USP1Os), 515, 1827, 1828

associated abnormalities, 386 Trigeminal nerve neuroma, 1759 fibrosis, 80 bladder cancer imaging, 1011

L-loop (corrected transposition), Trigeminal neuralg ia. 1772 miliary, 17, 18, 36, 141, 142, 144, 260 pelvic lymphadenopathy imaging,

367.386-7 Trigonocephaly, 1624 neck soft tissue spaces, 1504, 1510 1 099

non-invasive imaging, 387 Triosil, 419, 420 oesophagitis, 558. 559 Ultrasound

treatment, 388-90 Triquetrolunate dissociation, 1409 otitis media, 1607 abdominal trauma. 691

Rashkind balloon septostomy. Triquetrum dorsal avulsion fracture, paranasal sinuses, 1523 acute cholecystitis. 685-6

364.370 1 408 pericardial cyst, 308, 335 adrenal mass. 829

Transrectal ultrasound. 637 Trisomy 13, 1059, 1 109 peritoneal infection, 633 amoebiasis, 150

benign prostatichyperplasia, 1005 Trisomy 18. 1053, 1059, 1063, 1108, pleural disease, 87. 95, 97. 141, anal endosonography, 637, 655

male infertility investigation, 1036 1 1 09 1 43-4, 145 aneurysms. 425

prostate, 896, 897 Trisomy 21 (Down's syndrome), 47, plombage, 229, 231 appendicitis, 683-4

cancer, 1006. 1007, 1014-15 48,790 pneumothorax, 141, 143 children, 867. 869

rectal cancer, 643 associated abnormalities, 860, 1033, pulmonary lesions, 25, 168 arterial imaging, 412, 417, 418

Transvaginal ultrasound, 471, 1069 1 058, 1063, 1 107, 1537 calcification, 24. 25 biliary tract examination, 714-17

Transvenous interventional procedures, duodenal atresia, 855 cavitation, 22-3 bladder, 894-5

497 oesophageal atresia, 852 Ghon focus. 141 hone density measurement, 1352

Transverse Iimb defects, 1 107 skeletal features, 1149-51 healed. 142 breast, 1455-8

Transverse (supraclavicular) lymph Trochlear apparatus calcification, lung consolidation, 141-2 abnormal findings see Breast

nodes, 51 1 1 583-4 post-primary, 140, 141, 142 i mage-guided procedures,

Trauma Trophervnva whippelii, 628 pulmonary, 140-1 1 479-80

abdomen, 691-708 Trophoblastic disease, 471 renal involvement, 944, 945, 946 carotidlcerebral vessels, 1675

i maging, 691-2 Tropical sprue, 629 skull, 1169 cervical lymph nodes, 1515-16

aneurysms, 425-6, 427 Tropical ulcer, 1 176 erosion, 1639 chest imaging, 1, 45, 248

arterial, fracture-related, 1381-2 Trosier'.s lymph nodes, 51 1 somatostatin receptor scintigraphy, chest trauma, 217

hiliary tree, 698-9 Truncus arteriosus, 397-8 661 fluid collections percutaneous

bladder, 703-4, 997-9 Truncus bicaroticus, 1687, 1688 spine. 1166,1167-8,1658-9,1667 drainage. 45-6

bowel, 705-7 Tubal disease, 1089 splenic abscess, 776 children

breast. 1462, 1463 selective fallopian tube superior vena caval obstruction. 499 abdomen, 851

causes of death, 691 catheterisation and synovium, 1242 chest. 248

chest, 217-24 recanalisation, 1090 thoracoplasty, 229 i nfant brain see Brain, ultrasound

cranial/skull, 1641-2. 1778-83 see also Pelvic inflammatory disease tracheitisltracheal stenosis. 161 examination

see also Head injury Tubal filling pressure measurement, ureter involvement, 980 urogenital tract. 923-4

epidemiology, 691 1 090 uterusltubular disease, 1087, 1088, contrast media, 763

gallhaldder, 698-9 Tubal patency, 1084 1 089 Crohn's disease, 623-4

jaws, 1536-7 assessment Tuberous sclerosis, 207. 403, 442, 771, cystodynamogram, 921-2

joints, 1382-3 hysteroconlrastsonography, 1084, 1 056, 1198, 1728 eye examination, 1551

kidney, 470, 471, 699-703, 971-5 1 085 i ntracranial lesions, 1735-7 pathology, 1554-64

liver, 695-8, 759, 760 hysterosalpingography, 1085, 1086 calcification. 1634, 1635 trauma, 1564-6



female infertility, 1084, 1085 Urachal anomalies, 989-90 i ntravenous urography, 891-4, 925 Vascular contrast media, 419

gastric motility, 609 Urachal carcinoma, 997 investigations, 890-900 Vascular dementia, 1796
gynaecological imaging, 1069-84 Urachal cyst, 989. 990 children, 923-6 Vascular foreign bodies retrieval. 454

endovaginalltransabdominal, 1069 Urachus, 888 KUB (kidney ureters and bladder) Vascular infusion therapy. 447, 454-5

hip dysplasia, congenital (congenital Urate calculi, 966-7 film, 890-I see also Chemotherapy, intra-arterial

dislocation), 1109-10 Ureter, 885, 888, 910 lithotripsy, 725, 905-6, 969 Vascular ring, 407-10, 866

i nflammatory bowel disease, 650 duplication abnormalities, 933-4. magnetic resonance imaging (MRI). neonatal oesophageal obstruction,

i ntravascular, 412, 449, 1835 935 910-12,926 853

joint imaging Ureteric calculi, 965-70, 978 percutancous interventional Vascular stent insertion, 447

ankle, 1243 hydronephrosis, 970 procedures, 900-5. 925 congenital cardiac disease, 364

knee, 1235-6 imaging, 967-8, 969 radionuclide imaging, 912-21,925 Vasculitides, small bowel disease, 630

shoulder. 1240. 1241 obstruction. 967-8, 971, 972 ultrasound, 894-6, 923-4 Vasectomy, epidydimis appearances

wrist, 1244 percutaneous nephrostomy, 969 urodynamic studies, 921-3 following, 1024, 1025

kidneys, 894-5 Ureteric colic, 967, 969 vascular procedures, 906 Vasoconstrictors, intra-arterial infusion,

trauma, 972-3 Ureteric deviation, 982 Urografin, 420 454

liver, 763-75 Urctcric dilatation, 900 Uroseleclan (lopax). 419 Vasodilators, intra-arterial infusion,

lung consolidation, 183, 184 Ureleric diverticulum, 935 Urothelial chronic irritation, 948 454-5

lymph nodes. 514-15 Ureteric intramural haemorrhage, 979 Urothelial mass, 903 peripheral angioplasty arterial spasm

mediastinal disease Ureteric lesions, 978-82 Uterine adenomyosis (endonictriosis prophylaxis, 449, 454

l ymphangioma, 68 extrinsic, 980-2 i ntcrna), 1075-6, 1077, 1089 Vasography. 906, 1036

pleuropericardial cyst, 67 intraluminal. 978-9 Uterine fibroids (leiomyomas), 1004. Vasopressive. intra-arterial infusion,

neck, 1512-16 mural, 979-80 1 075, 1076, 1087, 1088, 1090, 454

orbit, 1566-70 Uretcric mucosal oedema, 979 1 091, 1094-5 Vasovagal reaction, 422, 429, 449,

pancreas, 787, 810-21 Ureteric obstruction cervix, 1078 1 086

guidance for interventions. 820 Doppler ultrasound, 470-I differential diagnosis, 1077 VATER syndrome, 161, 250, 851929

parathyroid glands. 1514-15 dynamic radionuclide studies, 918 embolisation. 458. 1092 anorectal malformations, 861

Perthes' disease. 1184, 1185 renal colic. 688 Uterosacral ligament, 1070 duodenal atresia, 855

phaeochromocytoma, 843, 844 renal transplant graft failure, 985-6 Uterus. 1070, 1090, 1093. 1094 Vein of Galen

pleural effusions, 88, 91, 92 Ureteric strictures, 980 blood flow, Doppler ultrasound, 471 aneurysm, 1697, 1698

recent technical advances, 1832-6 congeni(al, 940 congenital abnormalities, 1075, endovascular treatment. 1715-16

3D imaging. 1039-40, 1834 Uretcric trauma, 975 1 086-7, 1094 carotid angiography, 1682-3

compound imaging. 1833 Ureteric tumours, 979 size measurement, 1069 Veins

echo-enhancing agents, 1835-6 Ureterocele, 935 tumours, 1094-7 magnetic resonance imaging (MR]),

elastography, 1833 Uretcropclvicjunction see Pelviureteric Uterus didelphys, 1074, 1075, 1094 505-7

harmonic imaging, 763, 1039, junction phlebography see Phlebography

1 833 Ureterosigmoidostomy, 1001. 1002-3 ultrasound, 503-5

signal generationlprocessing. Ureterovesical junction obstruction, Venous access, 497

1 833-4 prenatal diagnosis, 1061 Venous angiography, 412

transducers, 1834-5 Urethra, 888, 889-90 Vaandrager's metaphyscal Venous angioma, 488

rectal examination, 637 male, congenital lesions, 1017 chondrodysplasia, 1 137 Venous blood sampling, 445, 495

.see also Transrectal ultrasound Urethral calculi, 1020 VACTERI. association, 852 Venous calcification, 1435, 1436

rheumatoid arthritis, 1209-11 Urethral carcinoma, 1019 Vagina, 1069-70, 1090, 1093 Venous congenital abnormalities, 402

salivary glands, 535, ISIS Urethral diverticulum, 1020-1 Vaginal fistula, 1085 Venous incompetence, 483, 485

scrotumlmale genitalia, 895-6 Urethral duplication, 1017 Vaginal tampon, 1069 Venous insufficiency, chronic, 505

small bowel, 618 Urethral fibroepithelial polyp, 1019 Vagotomy, 608 Venous stasis, periosteal reaction.

spine, 1649 Urethral fistula, 1021-2 gastric motility following, 611, 612 1 1 54

spleen. 775-7 Urethral papilloma, 1019 Valgus angulation, 1372 Venous stents, 452

transoesophageal, 217 Urethral sinus, 1020, 1021-2 Valves of Houston, 635 Venous thrombosis. 503, 505-6

transvaginal, 471, 1069 Urethral stricture, 993.1017-18 Valvular heart disease, 318,326-32 acute, 487

venous, 503-5 i nflammatory. 1017-18 i nterventional valve dilatation, 359 cerebral infarcts, 1777

see also Doppler ultrasound; traumatic. 1018 plain chest film, 299-304 iliac veins, 489-90, 491, 492, 493

Endoscopic ultrasound; Urethral trauma, 1018-19 sectional imaging, 331-2 i nterior vena cava, 489-90, 491,

Obstetric ultrasound anterior, 1019 Vanishing bone disease (Gorham's 492, 493, 506

Umbilical-urachal sinus, 989 posterior, 1018-19 disease), 1299-300, 1302 upper limb, 497.498

Undcscendcd testes (cryptorchidism), Urethral tumours, 1019-20 Varicella zoster pneumonia, 24, 25, see also Deep vein thrombosis

1 022, 1028, 1033 benign, 1019 1 36, 137, 138 Venous valves, 485, 486

Undulant fever see Brucellosis malignant. 1019 Varices congenital absence, 488

Unicameral (solitary) bone cyst, metastatic, 1019-20 choledochal. 731 Ventilation/perfusion (VQ) imaging,

1 312-14. 1315, 1316 Urethrography, 899-900, 927 embolisation, 457 38-9

Unicornuate uterus, 1075, 1087, 1094 ascending, 900. 901 gastric, 572 i nterpretation, 39-40

Unusual interstitial pneumonitis Urinary diversionlncobladder oesophageal, 571-2 perfusion scintigraphy, 39

(cryptogenic fibrosing construction, 999-1000, 1001 children, 866 pulmonary embolism, 237, 238,

alveolitis), 204-6 Urinary incontinence, 921 orbit, 1568 239, 343, 344-5

Upper gastrointestinal endoscopy, 575 Urodynamic studies, 921-3 transjugular intrahepatic ventilation scintigraphy, 39

Upper gastrointestinal haemorrhage intravenous urodynamogram, 922 portosystemic shunt (TIPS), Ventricular coarctation, 1733-4

arteriographic diagnosis, 440 ultrasound cystodynamogram, 921-2 453,454 Ventricular function assessment, 318,

radionuclide imaging, 655-7 upper urinary tract, 922-3 Varicocele, 493, 1024 320

therapeutic embolisation, 456 videocystomctrography, 922 Doppler ultrasound, 472 Ventricular septal detect, 47. 368,

Upper limb Urogenital tract, 885-928 embolisation, 458, 906, 909, 1024, 371-4

arteries, Doppler ultrasound, 467 anatomy, 885-90 1 025 aneurysmal perimembranous. 373

congenital disorders. 1107-9 computed tomography (CT), 906, Varicose ulcers, 483 aortic coarctation association,

classification, 1 107 910,925-6 Varicose veins, 483, 487-8, 504-5 371-81

critical ischaemia, thrombolysis, 456 contrast media. 891. 893, 926-7 Varix, 488 aortic regurgitation, 374

phlebography, 497-8 direct contrast studies, 896-900, orbit, 1584 cardiac catheterisation, 373-4

trauma, 1372, 1404-11 924-5 Varus angulation, 1372 clinical presentation, 372

venous drainage, 497, 498 dynamic radionuclide studies, 918-19 Vas defcrens, 890 common mixing circulation, 370



Ventricular septal defect-could carotid angioplasty, 450 Volumetric computed tomography White blood cell disorders, skeletal

Gerbode defect, 371 i nfra-arterial thrombolysis, 1708 (CT) abnormalities, 1327-30

l eft-to-right shunt, 369 Vertebrobasilar intracranial circulation, paediatric chest. 248 White matter disorders, 1799-800

malalignmcnt, 371 1 684. 1685 quantitative computed tomography Whole body magnetic resonance

muscular, 371 Vertebroplasty, percutaneous, 1721-2 (QCT), bone density screening, 1823

non-invasive imaging, 372-3 Vertical handed gastroplasty, 606, 607 measurement, 1352 Whooping cough, 72, 79

patent ductus arteriosus association. Vertical talus, congenital, 1116, 11 17 Volvulus, 1058 William's syndrome, 381

374 Vesicoenteric fistula, 995 caecal (right colon), 669, 676-7,678 Wilms' tumour (nephrohlastoma), 874,

per-fine mbranous, 371 Vesicourachal diverticulum, 989, 990 gastric, 599, 866 875, 961, 962
with pulmonary atresia, 391-2 Vesicoureteric reflux, 861, 898, 924, gastric dilatation. 668, 669 angiography, 442

surgical treatment, 374 925,946 l arge bowel, 653, 676 associated disorders, 874, 961

tetralogy of Fallot, 382, 383, 384 grading, 946 midgut, 856-7 metastases, 961. 1569

tricuspid regurgitation. 373 radionuclide imaging, 917, 918, 920-1 chronic, 857, 858 nephroblatomatosis transformation,
Ventricular wall urodynamic studies, 922-3 sigmoid, 677-8 962

terminology, 271 Vesicovaginal fistula, 995 small bowel, 672 staging, 874

thickness, 265 Vestibular apparatus, 1598, 1599 Von Hippel-Lindau disease, 769, 792, Wilson's disease (hepatolenticular

Ventriculitis, 1784 Vestibular aqueduct. 1602 800, 842, 879, 881, 1590, 1667 degeneration), 1366, 1797-8

Ventriculoatrial septum, 266 Vibration syndrome (driller's disease), clinical presentation, 936, 937 Wolman's disease (Abramov-Wolman

Ventriculomegaly, 1053 1 380 i ntracranial lesions, 1738, 1757 disease). 826. 828. 878
Vermian veins, 1687 Videocystometrography, 922 renal cell carcinoma, 949, 953 Wrist

Vertebra plana (osteochondritis of Videofluoroscopy Von Recklinghausen's disease see congenital defects, 1108-9
vertebral body; Calve's paediatric abdomen, 850 Neurofibromatosis I (NFl) i maging, 1242, 1244

disease), 1187 pharynxllarynx examination, 1489, Von Willebrand's disease. 1346 tuberculosis, 1170-1
eosinophilic granuloma, 1341 1 495 Voorhoeve's disease (osteopathia Wrist trauma

Vertebral anomalies, 1653-4 Vidian (ptcrygoid) artery, 1680 striata), 1130 carpus dislocation, 1409-10
absent pedicle. 1653, 1654 Villous tumour, duodenum, 588-9 Vulval varices, 492-3 carpus fractures, 1408-9
butterfly, 11 17 Vinyl chloride poisoning. 1368-9 forearm fractures, 1408
coronal cleft, 1 117 Vipoma triangular fibrocartilage complex

fusion, 1119-20 cmbolisation, 458 disruption, 1408
hemivertebrae, 1119 somatostatin receptor scintigraphy,
l umbosacral facet anomalies 660 Waldenstrom's disease. 1384

(trophism), 1121 Viral central nervous system infections, Walden strom's macroglobulinaemia, X
malfusion of appendages, 1119 1 791-4 629
sacralisationllumharisation, 1120-1 Viral cystitis, 991 Wallstent, 451, 452, 734 X-linked leucodystrophies, 1801-2

Vertebral arteriovenous fistula, 1698 Viral encephalitis. 1792 Wandering spleen, 882 Xanthine calculi, 967
Vertebral artery, 268 Viral hepatitis, 765-6 Warfarin, 448 Xanthogranulomatous cholecystitis,

angiography, 1677 Viral meningitislencephalitis, 1785 Warthin's tumour (adenolymphoma), 724
complications, 422 Viral pneumonia, 136, 137 540, 1515 Xanthogranulomatous pyclonephritis,
normal findings. 1684-6 Virchow's lymph nodes, 511 Water-soluble contrast studies 944

anomalous communications with Virilising syndrome, 835 paediatric abdomen, 850 angiography, 442
carotid arteries, 1689-90 Virtual bronchoscopy, 1838 pouchography, 641, 650 Xenon contrat agent, 1724

atheromatous disease, 429, 1700, Virtual colonoscopy, 1829, 1839 small bowel obstruction, 620 Xenon- 133 ventilation scintigraphy. 39
1 702 colorectal cancer screening, 644 Watermelon stomach, 580

congenital anomalies, 1689 Virtual endoscopy, 1838. 1839 Waters (occipito-mental) view. 1390,
Doppler ultrasound examination, intraluminal, 1829 1 391, 1519

415,466 Virtual gastroscopy, 1829 Wegener's granulomatosis, 75. 200,
size variation, 1689 Visceral space of neck, 1509 202 Yaws (treponematosis), bone
test occlusion, 171 1 Visceroatrial situs, 365, 366 diffuse lung disease, 23, 201 i nvolvement, 1174-5

Vertebral artery stenosis, 415, 429, Vitamin A overdose, 1367-8 extraocular muscle involvement. Yersinia, 627, 651, 870
1 700, 1702 Vitamin C deficiency, 1356 1 580 Young's syndrome, 152

percutaneous transluminal Vitamin D deficiency, 1353 microaneurysms, 428
angioplasty, 450 Vitamin D metabolism, 1352-3 orbit involvement, 1568

Vertebral body compression fracture, abnormalities, 1352-6 paranasal sinuses, 1523
1 373 Vitamin D-resistant rickets (familial renal appearances, 976

Vertebral burst fracture, cervical spine, hypophosphatasia), 1353-4 tracheal narrowing, 161 Z-line, 543, 554
1 398 Vitreous body, 1552, 1553 Werner's syndrome, 412 Zenker's diverticulum (posterior

Jefferson fracture (C I), 1397-8 Vitreous detachment, posterior, 1559, Westermark sign, 315 pharyngeal diverticulum/
Vertebral epiphysitis (adolescent 1 565 Western equine encephalitis, 1792 pouch), 76, 547

kyphosis; Scheuermann's i ncomplete, 1559-60 Wet lung disease (transient tachypnoea Zollinger-Ellison syndrome. 555. 557,
disease), 1 188 Vitreous haemorrhage, 1558, 1576 of newborn), 258 579,583,587,866

Vertebral haemangioma, 1661, 1662 traumatic, 1565 Wharton's duct, 533 gastric carcinoids, 599
Vertebral tumour embolisation, 1720, Vitreous pathology, 1557-60 Whipple's disease, 628 small bowel involvement, 629

1 721 Volkman's ischaemia of forearm, joint involvement, 1216, 1221 Zygomatic arch fracture, 1389, 1391.
Vertebrobasilar insufficiencylocclusion 1 381, 1407 Whitaker test, 923 1 575
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