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Preface

The International Diagnostic Course in Davos (IDKD) offers a unique learning
experience for imaging specialists in training as well as for experienced radiolo-
gists and clinicians wishing to be updated on the current state of the art and the
latest developments in the fields of imaging and image-guided interventions.

This annual course is focused on organ systems and diseases rather than on
modalities. This year’s program deals with diseases of the abdomen and pelvis.
During the course, the topics are discussed in group seminars and in plenary ses-
sions with lectures by world-renowned experts and teachers. While the seminars
present state-of-the-art summaries, the lectures are oriented towards future devel-
opments.

Accordingly, this Syllabus represents a condensed version of the contents pre-
sented under the 20 topics dealing with imaging and interventional therapies in ab-
dominal and pelvic diseases. The topics encompass all the relevant imaging modal-
ities including conventional X-rays, computed tomography, nuclear medicine, ul-
trasound and magnetic resonance angiography, as well as image-guided
interventional techniques.

The Syllabus is designed to be an ‘aide-mémoire’ for the course participants so
that they can fully concentrate on the lecture and participate in the discussions
without the need of taking notes.

Additional information can be found on the IDKD website: www.idkd.ch

J. Hodler
G.K. von Schulthess
Ch.L. Zollikofer
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Emergency Radiology of the Abdomen: The Acute Abdomen

B. Marincek’, J.P. Heiken2

TInstitute of Diagnostic Radiology, University Hospital Zurich, Zurich, Switzerland
2 Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, MO, USA

Introduction

The term ‘acute abdomen’ defines a clinical syndrome
characterized by a history of hitherto undiagnosed ab-
dominal pain lasting less than one week. A large number
of disorders, ranging from benign, self-limited diseases
to conditions that require immediate surgery, can cause
acute abdominal pain. Eight conditions account for over
90% of patients who are referred to hospital and are seen
on surgical wards with acute abdominal pain: acute ap-
pendicitis, acute cholecystitis, small bowel obstruction,
urinary colic, perforated peptic ulcer, acute pancreatitis,
acute diverticular disease, and non-specific, non-surgical
abdominal pain (‘dyspepsia’, ‘constipation’).

Imaging Techniques

Clinical assessment of acute abdomen is often difficult
because of the often non-specific findings of physical ex-
amination and laboratory investigations. In many centers
plain radiographs of the abdomen, despite significant di-
agnostic limitations, serve as the initial radiological ap-
proach. Two views are usually taken, one supine and one
erect. If the patient is unable to stand, a left lateral decu-
bitus view is performed. For a systematic film analysis it
is helpful to follow the mnemonic ‘gas, mass, stones and
bones’ for the detection of (1) signs of mechanical bow-
el obstruction or paralytic ileus; (2) gas outside the bow-
el lumen in the peritoneal cavity (pneumoperitoneum),
retroperitoneum, bowel wall, portal veins, or biliary tract;
(3) mass or fluid collections, displacement of organs or
bowel loops; (4) abnormal calcifications and/or calculi;
(5) skeletal pathology.

The need for plain abdominal radiographs has de-
clined due to the impact of cross-sectional imaging.
The traditional indications for plain abdominal radiog-
raphy — pneumoperitoneum, bowel obstruction, and the
search for ureteral calculi — are better evaluated by un-
enhanced helical computed tomography (CT). A num-
ber of authors have shown that CT is clearly superior to
plain radiography for diagnosing pneumoperitoneum,
detecting a bowel obstruction, and for identifying

ureteral calculi. The major obstacles to replacing plain
abdominal radiography with unenhanced CT are its
higher cost, more limited availability, and higher radia-
tion dose.

Although ultrasonography (US) has gained wide-
spread acceptance for evaluating the gallbladder in af-
fected patients and the pelvis in children and women of
reproductive age, CT is considered to be one of the most
valued tools for triaging patients with acute abdominal
pain. This is because it can provide a global perspective
of the gastrointestinal (GI) tract, mesenteries, peri-
toneum, and retroperitoneum, inhibited by the presence
of bowel gas and fat. Over recent years, most emergency
centers have been equipped with newer helical CT scan-
ners that permit imaging procedures to be performed in
less time, with greater accuracy, and with less patient
discomfort. The introduction of multidetector CT (MD-
CT) technology, with advances in contrast dynamics and
high-resolution volumetric data acqusition, has further
enhanced the utility of CT in abdominal imaging. Image
interpretation with helical CT and particularly with MD-
CT is primarily performed at a workstation by manually
paging or continuously scrolling up and down through
the stack of reconstructed images. Additionally, multi-
planar reformation (MPR) using coronal, sagittal, and
curved planes, has evolved as a routine supplement to
the axial images.

Three-dimensional volume rendered and maximum
intensity projection (MIP) images are also easily pro-
duced from MDCT data sets. Inquiry about the site of
abdominal pain facilitates the choice of imaging tech-
nique. For practical reasons, it is helpful to discuss the
imaging strategies for acute pain localized in an ab-
dominal quadrant separately from acute abdomen with
diffuse pain and acute abdomen with flank or epigastric
pain.

Acute Pain in an Abdominal Quadrant
Acute abdomen with pain localized in an abdominal

quadrant can be classified as pain in the right upper, left
upper, right lower, and left lower abdominal quadrant.
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Right Upper Quadrant

Acute cholecystitis is by far the most common disease in
the right upper quadrant. Other important diseases that
resemble acute cholecystitis are pyogenic or amebic liver
abscess, spontaneous rupture of a hepatic neoplasm (usu-
ally hepatocellular adenoma or carcinoma), hepatitis, and
myocardial infarction.

US is the preferred imaging method for evaluating pa-
tients with acute right upper abdominal pain. It is a reliable
technique for establishing the diagnosis of acute calculous
cholecystitis. The primary criterion is the detection of gall-
stones. Secondary signs include the sonographic Murphy
sign, gallbladder wall thickening by 3 mm or more, and
pericholecystic fluid. Typically, a calculus obstructs the
cystic duct in acute calculous cholecystitis. The trapped
concentrated bile irritates the gallbladder wall, causing in-
creased secretion, which in turn leads to distension and
edema of the wall. Rising intraluminal pressure compress-
es the vessels, resulting in thrombosis, ischemia, and sub-
sequent necrosis and perforation of the wall. Gallbladder
perforation and complicating pericholecystic abscesses
typically occur adjacent to the gallbladder fundus because
of the sparse blood supply. CT may be useful for confir-
mation of the sonographic diagnosis. Emphysematous
cholecystitis is a rare complication of acute cholecystitis
and is associated with diabetes mellitus. US or CT demon-
stratation of gas in the wall and/or lumen of the gallblad-
der imply underlying gangrenous changes (Fig. 1).
Acalculous acute cholecystitis accounts for approximately
only 5% of cases of acute cholecystitis. It is especially
common in intensive care unit patients. Prolonged bile sta-
sis results in increased viscosity of the bile that ultimately
leads to functional cystic duct obstruction.

US and CT are both accurate techniques for diagnos-
ing liver abscesses. US usually reveals a round or oval hy-
poechoic mass with low-level internal echoes. Although
the lesion may mimic a solid hepatic mass, the presence
of through transmission is a clue to its cystic nature.
Normally, pyogenic liver abscesses are the result of seed-
ing from appendicitis or diverticulitis, or direct extension
from cholecystitis or cholangitis. Amebic abscesses result
from primary colonic involvement with seeding through
the portal vein. In most cases, pyogenic and amebic ab-
scesses are indistinguishable by US appearance. The CT
appearances of pyogenic and amebic abscesses also show
substantial overlap. Amebic abscesses are low attenuation
cystic masses. An enhancing wall and a peripheral zone
of edema surrounding the abscess are common but not
universally present. Extrahepatic extension of the amebic
abscess with involvement of chest wall, pleura, or adja-
cent viscera is a frequent finding. Whereas amebic ab-
scesses are usually solitary and unilocular, pyogenic ab-
scesses may be multiple or multiloculated and may
demonstrate an irregular contour.

Spontaneous rupture of a hepatocellular carcinoma
and subsequent hemoperitoneum represent a frequent
complication found in countries with a high incidence of

Fig.1. A 74-year-old man with known diabetes mellitus presents with
acute abdominal pain in the right upper quadrant. a Plain abdominal
radiograph shows a fluid-gas level in the distended gallbladder and
gas in the gallbladder wall (open arrow). b MDCT depicts the dilat-
ed gallbladder with intramural gas (open arrow), indicative of em-
physematous cholecystitis. In addition, extraluminal/extramural gas
is present due to walled-off gallbladder perforation (arrow).
Hydronephrosis and parenchymal atrophy of the left kidney

this tumor, but uncommon in Western countries.
Subcapsular localization and tumor necrosis have been
implicated in pathogenesis. US, and especially CT, are
the most useful techniques for diagnosing a ruptured he-
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patocellular carcinoma, which appears as a peripheral or
subcapsular mass. Spontaneous hemorrhage within a he-
patocellular adenoma occurs most commonly in women
taking oral contraceptives. Capsular rupture with subse-
quent hemoperitoneum is an uncommon complication.
On CT, high-density intraperitoneal fluid confirms the di-
agnosis of hemoperitoneum, and extravasation of contrast
material is indicative of active bleeding.

Left Upper Quadrant

Acute abdomen with left upper quadrant pain is not fre-
quent. Splenic infarction, splenic abscess, gastritis, and
gastric or duodenal ulcer are the most important causes.
US is usually used for screening, and CT enables accurate
further evaluation. The diagnosis of gastric pathology is es-
tablished by endoscopy, with imaging playing a minor role.

Common causes of splenic infarction include bacteri-
al endocarditis, portal hypertension, and underlying
splenomegaly. Pancreatitis that extends into the splenic
hilum can also result in infarction. Splenic infarction may
be focal or global. Typical focal splenic infarcts appear as
peripheral wedge-shaped defects, hypoechoic at US and
hypodense at CT, respectively. Most splenic abscesses are
associated with hematogenous dissemination of infec-
tion, such as bacterial endocarditis or tuberculosis.
Intravenous drug abusers are predominantly affected.
Both US and CT are sensitive, but specificity is low. On
US, most abscesses appear as hypo- or anechoic, poorly
defined lesions; on CT, they typically appear as rounded,
low-density lesions with rim enhancement.

Right Lower Quadrant

Acute appendicitis is not only the most frequent cause of
acute right lower quadrant pain, but also the most com-
monly encountered cause of acute abdomen. Other diseases
manifesting acute right lower quadrant pain include acute
terminal ileitis (Crohn’s disease), acute typhlitis, right sided
colonic diverticulitis and, in women, pelvic inflammatory
disease, complications of ovarian cyst (hemorrhage, torsion
and leak), endometriosis, or ectopic pregnancy.

Most patients with typical clinical findings of acute ap-
pendicitis undergo immediate surgery without preoperative
imaging. Since diagnosis is uncertain in up to one third of
patients because of atypical symptoms, many centers today
request appendiceal imaging for clinically equivocal pa-
tients. Although plain radiography continues to play a role
in evaluating patients with acute right lower quadrant pain,
its role is quite limited. Less than 50% of patients with ap-
pendicitis show an abnormality on plain radiographs. The
most specific finding is the presence of an appendicolith,
which is usually calcified, solitary, and rounded.

US has become an important imaging option in the eval-
uation of suspected acute appendicitis, particularly in chil-
dren, pregnant women, and women of reproductive age.
The prime sonographic criterion is the demonstration of a
swollen, non-compressible appendix greater than 7 mm in

diameter with a target configuration (Fig. 2). Generally, the
normal appendix cannot be defined with US, thus, clear vi-
sualization of the appendix is suggestive of inflammation.

Advantages of US include lack of ionizing radiation,
relatively low cost, and widespread availability. On the
other hand, US requires considerable skill and is difficult
to perform in obese patients, patients with severe pain,
and patients likely to have a complicating periappen-
diceal abscess. When the sonographic findings are un-
clear, CT can provide a rapid and definitive diagnosis.

Fig.2. A 25-year-old man presented with acute abdominal pain in
the right lower abdominal quadrant. Physical examination and lab-
oratory tests revealing elevated white blood cell counts, raised the
suspicion of acute appendicitis. Longitudinal (a) and perpendicu-
lar (b) graded compression US shows an enlarged appendix (cur-
sors, diameter > 10 mm) with edematous thickening of the appen-
dical wall, confirming the diagnosis of acute appendicitis
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CT has emerged in many centers as the primary imaging
modality for patients with suspected acute appendicitis
due to its exceptional accuracy. In the case of mild dis-
ease, the findings include a dilated, fluid-filled appendix
with a calcified appendicolith or inflammatory changes
of the mesenteric fat (Fig. 3). An inflammatory mass or
an abscess may develop with disease progression and
perforation.

Diverticulitis rarely manifests itself as a right-sided
condition. Right-sided colonic diverticula are often con-
genital, solitary and true diverticula, unlike sigmoid di-
verticula. The normal appendix should be visible in right-
sided diverticulitis. If the appendix cannot be identified,
right-sided omental infarction or epiploic appendagitis
must be considered in the differential diagnosis.

Left Lower Quadrant

Diverticulitis is the most common cause of acute abdom-
inal pain in the left lower quadrant. Diverticulitis occurs
in up to 25% of patients with known diverticulosis and
typically involves the sigmoid colon. CT has replaced
barium enema examinations because it is very sensitive
and approaches 100% specificity and accuracy in the di-
agnosis or exclusion of diverticulitis. CT is also very use-
ful in establishing the presence of pericolic complications
and differentiating sigmoid diverticulitis from carcinoma
— a major differential diagnostic consideration.

Superimposed on diverticulosis, the CT diagnosis of
acute diverticulitis is based on the identification of seg-
mental colonic wall thickening and pericolic inflammato-
ry changes, such as fat stranding, inflammatory mass, gas
bubbles, abscess, or free fluid (Fig. 4). Occasionally, pa-
tients with diverticulitis may manifest pneumaturia be-
cause of a complicating enterovesical fistula.

Fig.3. 45-year-old man with elevated white blood cells and acute pain
in the right lower abdominal quadrant. US examination was unable
to identify the appendix. a Sagittal MDCT depicts marked enlarge-
ment of the retrocecal appendix
(arrow in a and b), with wall
thickening, mural enhancement,
and adjacent fat stranding. b
Transverse MDCT shows two
appendicoliths within the appen-
dical lumen. The US-diagnosis
of acute appendicitis is difficult
to establish in a retrocecal ap-
pendix

Fig. 4. 55-year-old man with known diverticular disease and acute
abdominal pain in the left lower quadrant. MDCT shows a nar-
rowed segment of the sigmoid colon with wall thickening, pericol-
ic inflammatory changes, and an adjacent fluid-collection with
marked peripheral enhancement (arrow), indicating an abscess af-
ter walled-off perforation in acute diverticulitis

Acute Abdomen with Diffuse Pain

Any disorder that irritates a large portion of the GI tract
and/or the peritoneum will cause diffuse abdominal pain.
The most common disorder is gastroenterocolitis. Other
important disorders are bowel obstruction, ischemic bow-
el disease, and GI tract perforation.

Bowel Obstruction

Bowel obstruction is a frequent cause of abdominal pain
and accounts for approximately 20% of surgical admis-
sions for acute abdominal conditions. The small bowel is
involved in 60-80% of cases. Frequent causes of small
bowel obstruction are adhesions resulting from prior
surgery, hernias, and neoplasms. In the large bowel, me-
chanical obstruction is commonly due to diverticular dis-
ease or colorectal carcinoma. 5-10% of cases of large
bowel obstruction are caused by volvulus, which is most
commonly in the sigmoid, followed by the cecum.

The diagnosis of bowel obstruction is established on
clinical grounds and usually confirmed with plain abdom-
inal radiographs. Because of the diagnostic limitations of
plain films, CT is increasingly used to establish the diag-
nosis, identify the site, level, and cause of obstruction and
determine the presence or absence of associated bowel is-
chemia. CT can be useful for differentiating between sim-
ple and closed loop obstruction. Closed loop obstruction is
a form of mechanical bowel obstruction in which two
points along the course of the bowel are obstructed at a
single site. It is usually secondary to an adhesive band or
a hernia. A closed loop tends to involve the mesentery and
is prone to produce a volvulus, thus representing the most
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common cause of strangulation. However, only volvulus of
the large bowel is associated with classic features on plain
abdominal radiographs. The sigmoid volvulus produces a
distended loop, with the twisted mesenteric root pointing
to the origin of the volvulus, i.e., to the sigmoid.

CT is particularly reliable in higher grades of bowel
obstruction. It has proved useful for characterizing bow-
el obstruction from various causes, including adhesions,
hernia, neoplasm, extrinsic compression, inflammatory
bowel disease, radiation enteropathy, intussusception,
gallstone ileus, or volvulus. The essential CT finding of
bowel obstruction is the delineation of a transition zone
between the dilated and decompressed bowel. Careful in-
spection of the transition zone and luminal contents usu-
ally reveals the underlying cause of obstruction.
However, the presumed point of transition from dilated
to non-dilated bowel can be difficult to determine in the
axial plane. MDCT facilitates this task by providing the
radiologist with a volumetric data set that can be viewed
in the axial, sagittal, or coronal plane or any combina-
tion of the three. These MPR views centered on the an-
ticipated transition point help to determine the site, lev-
el, and cause of obstruction.

Mechanical obstruction has to be differentiated from
paralytic ileus. Numerous causes exist for both diffuse
and localized paralytic ileus. Paralytic ileus is a common
problem after abdominal surgery. It may be secondary to
ischemic conditions, inflammatory or infectious disease,
abnormal electrolyte, metabolite, drug or hormonal lev-
els, or innervation defects. A massively dilated colon with
a thickened wall (‘thumbprinting’) caused by wall edema
and inflammation is seen with toxic megacolon in
pseudomembranous colitis. Toxic megacolon is the radi-
ological manifestation of a paralytic ileus.

Ischemic Bowel Disease

Arterial or venous occlusion or thrombosis and hypoper-
fusion are predominant causes of bowel ischemia. Usually,
a combination of these factors is observed. The predomi-
nance of one factor determines the outcome and the find-
ings on CT. Diminished bowel wall enhancement is the
only direct sign of vascular impairment of the bowel and
has been reported in predominantly arterial disease, such
as infarction, as well as in predominantly venous diseases,
such as strangulation. Other CT findings are direct visu-
alization of the thrombus in the superior mesenteric artery
or vein. Bowel distention and bowel wall edema are non-
specific findings and can be seen with inflammatory or
infectious causes. Bowel distention reflects the interrup-
tion of peristaltic activity in ischemic segments.

In closed loop bowel obstruction the closed loop can
become strangulated, i.e., ischemic, although the pro-
gression of a closed loop obstruction to a strangulated
one is not inevitable. The reported prevalence of strangu-
lating obstruction ranges from 5-40%. Strangulation is a
predominantly venous disease. The most frequent abnor-
mality seen on CT is bowel wall thickening. The thick-
ened bowel wall is sometimes associated with the target
sign, alternating layers of high and low attenuation with-
in the thickened bowel wall, which results from submu-
cosal edema and hemorrhage. The bowel segment proxi-
mal to an obstruction can become ischemic due to severe
bowel distention. CT findings that suggest subsequent in-
farction include non-enhancement of the bowel wall, gas
in the bowel wall, mesenteric or portal veins, edema/he-
morrhage in the mesentery adjacent to thickened and/or
dilated bowel loops, and ascites (Fig. 5).

Fig. 5. 76-year-old man with acute diffuse abdominal pain and with a history of abdominal surgery performed five weeks previously. a
Transverse MDCT demonstrates mesenteric edema and infarction of the distal ileum (arrowhead) with intramural gas. b Transverse MD-
CT at a level below depicts thickening of the bowel wall with irregular mucosal enhancement (arrow) indicative of bowel ischemia.
Intraoperatively, a strangulating small bowel volvulus secondary to adhesion of the distal ileum was identified
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Gl Tract Perforation

Pneumoperitoneum usually starts with localized pain and
culminates in diffuse pain after peritonitis has developed.
It may result from a variety of causes. Gastroduodenal
perforation associated with peptic ulcer or necrotic neo-
plasm has become less frequent in the last few decades
due to earlier diagnosis and improved therapy. At the
same time, the incidence of gastroduodenal perforations
resulting from endoscopic instrumentation has increased.
Perforation of the small bowel is relatively uncommon.
Spontaneous rupture of the large bowel is more frequent
and can occur in a markedly dilated colon proximal to an
obstructing lesion (tumor, volvulus) or when the bowel
wall is friable (ischemic or ulcerative colitis, necrotic
neoplasm). Over the last decades, fiberoptic endoscopy
has been increasingly performed for evaluation and biop-
sy of colorectal lesions, as well as for polypectomy; these
procedures cause perforation in 0.5-3% of patients.

Pneumoperitoneum can be recognized by the presence of
subdiaphragmatic gas on an erect chest radiograph or an
erect or left lateral decubitus radiograph of the abdomen.
An abundant pneumoperitoneum is indicative of a perfora-
tion complicating large bowel obstruction, and moderate
quantities of free gas are seen in the perforation of the stom-
ach. Only small quantities of gas escape with perforation of
the small bowel, because the small bowel does not usually
contain gas. Detection of subtle pneumoperitoneum is often
difficult. CT is far more sensitive than conventional radi-
ography for the detection of a small pneumoperitoneum,
and it has thus become the modality of choice in cases that
are unclear on a conventional radiograph. To enhance the
sensitivity of CT for extraluminal gas, the images are also
viewed at ‘lung window’ settings. On CT, small amounts of
gas around the stomach and the liver are seen mainly after
gastroduodenal or small bowel perforation.

Retroperitoneal perforations (duodenal loop beyond
the bulbar segment, appendix, posterior aspect of as-
cending and descending colon, rectum below the peri-
toneal reflection) tend to be contained locally and remain
clinically silent for several hours or days. Retroperitoneal
gas has a mottled appearance and may extend along the
psoas muscles. In contrast to intraperitoneal gas,
retroperitoneal gas does not move freely when the pa-
tient’s position is changed from supine to upright for
plain abdominal radiographs.

Acute Abdomen with Flank or Epigastric Pain

Acute flank or epigastric pain is commonly a manifestation
of retroperitoneal pathology, especially urinary colic, acute
pancreatitis, or leaking abdominal aortic aneurysm.

Urinary Colic

For several decades, intravenous urography has been the
primary imaging technique used in patients with flank

pain thought to be caused by urinary colic. Abdominal ra-
diograph and US are considered useful for those patients
with contraindications to irradiation or contrast media.
However, because of the low sensitivity of abdominal ra-
diographs and US for urinary tract calculi, the role of un-
enhanced CT has grown rapidly. On CT, virtually all
ureteral stones are radiopaque, regardless of their chemi-
cal composition. Uric acid stones have attenuation values
of 300-500 Hounsfield units (HU), and calcium-based
stones have attenuation values > 1,000 HU. In addition to
the direct demonstration of a ureteral stone, secondary
signs of ureterolithiasis may be seen, including hy-
droureter, hydronephrosis, perinephric stranding, and re-
nal enlargement (Fig. 6). Perinephric stranding and ede-
ma result from reabsorbed urine infiltrating the per-
inephric space along the bridging septa of Kunin. The
more extensive the perinephric edema as shown on unen-
hanced CT, the higher the degree of urinary tract ob-
struction. Focal periureteral stranding resulting from lo-
cal inflammatory reaction or irritation and induced by the
passage of a stone helps localize subtle calculi. MDCT is

Fig. 6. 46-year-old
man with right-
sided flank pain.
Coronal MDCT re-
construction (a) and
transverse MDCT
after  intravenous
contrast administra-
tion (b) demonstrate
an obstructing stone
at the uretero-pelvic
junction  (arrow)
with dilatation of
the renal pelvis and
of the calices
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favored over single-detector CT because it provides coro-
nal MPRs, which often portray the urinary tract more ef-
fectively than axial images.

When no stone is detected, a search for an alternative
diagnosis should be performed. Non-calculus urinary
tract abnormalities causing symptoms of colic include
acute pyelonephritis, renal cell carcinoma, acute renal
vein thrombosis and renal infarction. Extraurinary dis-
eases, such as appendicitis, diverticultis, small bowel ob-
struction, pancreatitis, and retroperitoneal hemorrhage
may also simulate acute urinary colic. Occasionally, re-
peating the CT examination with intravenous, oral, or
rectally administered contrast material may be required.

Acute Pancreatitis

Acute pancreatitis is an important disease causing epi-
gastric pain. US is helpful for the demonstration of gall-
stones as a cause of acute pancreatitis and for the follow-
up of known fluid collections. CT has become the imag-
ing modality of choice to stage the extent of disease and
to detect complications because CT findings correlate
well with the clinical severity of acute pancreatitis.
Pancreatic enlargement due to interstitial parenchymal
edema may progress to pancreatic exudate collecting in
the anterior pararenal space, the transverse mesocolon,
the mesenteric root, and the lesser sac. The pancreatic
parenchyma may undergo necrosis or hemorrhage.
Severe pancreatitis is often complicated by thrombosis of
the splenic and portal vein.

Acute pancreatic and peripancreatic fluid collections
may evolve into pseudocysts. Pseudocysts exhibit de-
fined capsules. A pseudocyst can erode peripancreatic
vessels, resulting in bleeding or formation of a pseudoa-
neurysm. Larger aneurysms can be diagnosed by CT or
sonographically with Doppler; angiography may be nec-
essary to diagnose small pseudoaneurysms (< 1 cm).

Leaking Aneurysm of Abdominal Aorta or lliac Artery

One of the most life-threatening alternative diagnoses in
acute flank pain is a leaking aneurysm of the abdominal
aorta or iliac artery. When a patient with suspected rup-
ture of an abdominal aortic aneurysm is hemodynami-
cally unstable, US is the initial imaging technique used.
The examination can be performed rapidly using
portable equipment in the emergency room. However,
the diagnosis of para-aortic hemorrhage by US is poor.

In hemodynamically stable patients non-contrast-en-
hanced CT is the initial imaging test of choice. Non-
contrast CT can almost always demonstrate a para-aor-
tic hematoma if present and may show additional find-
ings helpful in establishing the diagnosis, such as a
high-attenuating crescent sign. If the non-contrast CT
findings are equivocal or if endoluminal stent graft re-
pair of the aorta is planned, contrast-enhanced CT
should be performed.

Conclusions

The practice of radiology in imaging patients with acute
abdomen has changed dramatically in the last few years.
The time-honored plain abdominal radiographs have
been largely replaced with US and CT. In particular, he-
lical CT and more recently, MDCT permit the examina-
tion to be performed in less time, with greater diagnostic
accuracy, and with less patient discomfort. The topo-
graphic classification of pain (i.e., localized pain in one
of the four abdominal quadrants, diffuse abdominal pain
and flank or epigastric pain) facilitates finding the answer
to specific questions. Therefore, close co-operation with
the referring physician prior to imaging remains essential
for rapid and accurate diagnosis.
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Introduction

Trauma has become a significant health problem, in part
due to high velocity transportation and the use of pene-
trating weapons, especially firearms. Not only the young,
but also the elderly and pregnant women are affected.
Improvements for those affected include more rapid res-
cue, better organization of trauma centers, and advances
in treatment. There are three recent trends: the increased
tendency for non-operative care, the resulting increased
need for accurate non-invasive imaging diagnosis, and a
desire for cost-effective use of imaging. One aspect of the
trend towards non-operative care is the desire to avoid
non-therapeutic surgery; this is possible if imaging can
identify those patients who require surgery. Another as-
pect is the realization that non-operative care can result
in better long-term outcome, such as salvaging splenic
and renal function. Lastly, imaging evaluation with a high
negative predictive value may allow for discharge of trau-
ma victims directly from the Emergency Department,
avoiding hospital admission for observation.

(T versus Ultrasound

Controversy exists about the appropriate use of CT ver-
sus ultrasound (US). Each has advantages and disadvan-
tages [1-3]. In general, CT has been shown to have the
best statistical accuracy for detecting, characterizing and
excluding injuries. If the volume of trauma justifies it,
CT can be located in the trauma suite such that even un-
stable patients can be examined quickly and without
compromise. This has been done in our institution and
there is heavy reliance on CT for rapid accurate diagno-
sis, avoiding diagnostic peritoneal lavage and non-thera-
peutic laparotomies. CT is more reliable at excluding in-
jury in those who may be discharged home, avoiding ob-
servation in hospital.

However CT may be overused — in one study only
three of 100 patients had an alteration in clinical man-
agement after follow-up CT [4]. Sonography can detect
significant injuries that can be treated; conversely, low
risk patients with normal sonograms may be observed
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and possibly avoid CT [2, 3]. One of the strengths of US
is its ability to detect peritoneal fluid, a significant but non-
specific finding indicative of abdominal injury. However,
abnormal US often requires further evaluation by CT. In a
large study, US had 86% sensitivity and 98% specificity,
with 43 false negative and 23 indeterminate studies, in-
cluding six splenic, one liver, one renal, one pancreatic and
one bowel injury [3]. Although the incidence of significant
injury in the absence of free intraperitoneal fluid is low, it
does occur. A multi-institutional study found a 28% inci-
dence of splenic and hepatic injury in patients with no or
minimal free fluid on CT [5]. In patients with seat belt
marks, where bowel and mesenteric injury are common,
US has been reported to miss up to 78% of significant in-
juries [6].

The advent of multidetector CT (MDCT) for trauma
has allowed some improvements, although routine trauma
CT of the abdomen has changed little. Use of MDCT al-
lows for more rapid acquisition of high quality images of
multiple body parts, such as examination of the head,
neck, chest, abdomen and pelvis. It allows for better re-
formatting of images, with either thinner slice recon-
structions, or other planes. In addition, if clinical circum-
stances warrant, a CT angiogram can be performed im-
mediately followed by routine trauma imaging.

In traumatized pregnant women, US should be the first
examination. It can evaluate the pregnancy, documenting
fetal viability. US is nearly as accurate in detecting ab-
normal fluid in pregnant, as in non-pregnant patients [7].
If US shows fluid or other injury, CT is justified to ob-
tain the best evaluation (Fig. 1). The best outcome for the
fetus is assured by the best care of the mother. The radi-
ation risk is reasonable if there is life-threatening injury,
necessitating prompt diagnosis and treatment [8].

Urinary Tract

Installation of CT in the Trauma unit, and nearly univer-
sal use of CT, has altered our assessment of urinary tract
trauma. While significant hematuria has been shown to
be the best indicator of urinary tract injury, presently the
decision to perform CT has little to do with presence or
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Fig. 1. Pregnant female who suffered high speed motor vehicle col-
lision. a US demonstrates intrauterine fetus (heart motion docu-
mented) and free pelvic fluid. b US shows perisplenic fluid with
hypoechoic defect. ¢ CT confirms splenic laceration; note higher
density of perisplenic hematoma compared to rim of fluid about
liver (sentinel clot sign)

absence of hematuria. CT is a primary investigation, af-
ter standard radiographs, for those patients with signifi-
cant mechanism of injury or any signs or symptoms of
significant injury. While intravenous urography (IVU)
can detect renal injuries, it is less sensitive than CT, not
accurate for grading the renal injury and cannot assess
other organ systems (Fig. 2). US has a limited ability to
evaluate renal injury [9]. Although screening US has val-

Fig.2. Hematuria and left upper quadrant pain after football injury.
a IVU shows no abnormality. b Subsequent CT for persistent pain
showed free fluid in pelvis and extensive splenic laceration with
extensive ‘blush’. Surgery confirmed grade 4 splenic injury

ue in trauma in general, it has severe limitations in de-
tecting genitourinary (GU) injury. Free intraperitoneal
fluid may not result from renal injury; although it may
from bladder rupture, US cannot diagnose bladder injury.
In a study of 4,320 trauma patients who had undergone
US, 33 of 99 patients with urologic injury had false neg-
ative US. The sensitivity was only 56% for those with iso-
lated urologic injury [10]. US is also not capable of grad-
ing renal injuries.

CT has excellent negative predictive value for renal in-
jury. Presence and type of renal injury can be accurately
indicated [11]. Renal contusion demonstrates ill-defined
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regions of diminished enhancement. Segmental renal in-
farction is identified as a wedge shaped, well-defined area
of non-enhancement, and renal artery occlusion can be ac-
curately diagnosed by its complete lack of enhancement or
excretion by the kidney, usually with little to no associated
hematoma. Angiography is thus not needed, and conserva-
tive therapy is now most often used. Most renal injuries are
lacerations, with simple laceration limited to the cortex,
and deep laceration extending into the collecting system,
which may show extravasation. Scans delayed between 2
and 10 minutes aid in demonstrating or excluding extrava-
sation (Fig. 3), although in most cases small amounts of
extravasation will resolve with conservative therapy.
Subcapsular hematoma is delimited by the renal cortex and
may deform the renal surface; perinephric hematoma ex-
tends from the renal surface to fill Gerota’s space, but does
not deform renal contours, although it may displace the
kidney. CT is excellent at demonstrating the extent of

Fig.3. Hematuria after fall from power line. a Initial CT shows left
renal laceration with perinephric hematoma. b Delay image shows
no leak from collecting system

hematoma, and evaluating enlargement on follow-up scans
[11]. Renal fracture indicates a single complete fracture
plane, often extending through the collecting system; mul-
tiple planes of disruption are seen with shattered kidney.
CT can also diagnose ureteropelvic junction (UPJ) avul-
sion or ureteral injury, demonstrating lack of opacification
of the ureter, retroperitoneal water attenuation collections
adjacent to pelvis or ureter, and possibly extravasation of
contrast on delay scans [11].

Although the American Association for Surgery of
Trauma (AAST) Organ Injury Severity Scale for the kid-
ney includes lesions with a different appearance in each
category (1: contusion, small subcapsular hematoma, 2:
< 1 cm laceration without extravasation, 3: > 1 c¢cm lacer-
ation without extravasation, 4: deep laceration with ex-
travasation or main renal artery or vein injury, 5: shat-
tered kidney or UPJ avulsion), it has been shown to cor-
relate with need for surgery and outcome [12].

Urethral injuries are predominantly seen in males.
Anterior urethral ruptures are most commonly seen due
to straddle injury. Posterior urethral ruptures most often
are due to compressive force and resultant pubic bone
fractures, although both anterior and posterior urethral in-
jury can result from penetrating injury. Retrograde ure-
thrography is the only accurate diagnostic imaging pro-
cedure. If a urethral injury is strongly suspected, a ure-
throgram should be performed before passage of a
catheter (Fig. 4). However, in patients with moderate risk,
a urethral catheter may be gently passed and the patient
may go on to CT. A pericatheter urethrogram may then be
performed after other injuries are stabilized. Urethral in-

Fig. 4. Blunt trauma resulted in pubic rami fractures. Retrograde
urethrogram reveals type 3 posterior urethral rupture
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juries may be classified as Type 1: posterior urethra
stretched but intact, Type 2: tear of membranous urethra
above urogenital diaphragm, Type 3: tear of posterior ure-
thra above and below urogenital diaphragm, Type 4: blad-
der neck injury and Type 5: anterior urethral injury [13].

Although urethrography remains the standard, CT
findings have been described in urethral injury, which
may be useful if CT is performed as the initial study.
Obscuration of normal periurethral landmarks, in partic-
ular distortion or obscuration of urogenital diaphragm
fat planes and hematoma of the ischiocavernosus mus-
cle, are commonly seen in those with urethral injury
[14]. Alternatively, completely normal perineal anatomy
may exclude significant injury, but further investigation
is needed.

Bladder injuries, which consist of contusions and rup-
tures, are most commonly extraperitoneal, less common-
ly intraperitoneal, or are combined in about 5% of cas-
es. They have classically been detected with standard ra-
diographic cystography (Fig. 5). While CT with only in-
travenous contrast may fail to identify extravasation
from a ruptured bladder, several studies have shown very
high accuracy for CT cystography, which is now our
standard (Fig. 6). In those with suspected bladder rupture
(primarily those with gross hematuria, over 25 red blood
cells per high power field [rbe/hpf] with pelvic fractures,
or unexplained pelvic fluid), we perform standard CT
with the bladder catheter clamped. If there is no ex-
travasation, the bladder is drained then refilled with 300-
500 cc of dilute contrast and the pelvis is rescanned.
Bladder ruptures are virtually always associated with flu-
id or hematoma in the pelvis, but such blood or fluid

Fig.5. Gross hematuria after gunshot wound to pelvis. Standard cys-
togram shows extraperitoneal rupture (X, entry site; O, exit)

Fig. 6. Gross hematuria following motor vehicle collision resulting
in extensive pelvic fractures. a Standard CT shows pelvic fluid but
no extravasation. b CT cystogram documents extraperitoneal blad-
der rupture (note clot in bladder)

may be due to splenic or other injuries, or pelvic frac-
ture. Extravasation low in the pelvis, not outlining bow-
el loops (and which may extend up the retroperitoneum)
indicates extraperitoneal rupture that most often can be
managed conservatively. Extravasation high near the
dome outlining bowel loops or extending to the gutters
or higher indicates intraperitoneal rupture, and is more
often managed surgically [15].

Bowel and Mesenteric Injury

Bowel and mesenteric injury are found in about 5% of
patients having surgery for trauma, seen in 0.7% of trau-
matized patients [1, 16]. Mechanism of injury is direct
compressive force, including from seatbelts, although de-
celeration may play a role. Morbidity and mortality can
occur if peritonitis and resulting abscess are missed.
Clinical signs and symptoms are non-specific. Although
positive diagnostic peritoneal lavage (DPL) or free fluid
on sonography may be due to bowel or mesenteric injury,
these findings are non-specific [2].

Although some have commented on the difficulty of
correct diagnosis by CT, CT is the most accurate diag-
nostic modality, with a reported sensitivity of 88-96%
and a specificity of 80-99% [16-20]. Use of oral contrast,
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and early scanning after rapid injection of high volume
intravenous contrast allows detection of extravasation
[21]. Active bleeding is seen as a focal collection with at-
tentuation similar to the aorta at the same level and dif-
ferent from the adjacent organ. Contrast extravasation,
whether intravenous contrast from a mesenteric vessel or
oral contrast from the bowel lumen, is the most specific
sign of mesenteric or bowel injury, but is not common —
it was seen in only seven of 26 patients with bowel injury
[17]. Free air is thought to be a good sign of perforated
bowel, but in fact it has limited value; it is infrequently
seen in those patients with bowel injury, and may in fact
represent air tracking into the peritoneum from thoracic
injuries. Free air was seen in only 28% of true positive
CT scans, but in 2% of false positive scans [16]. The
commonest finding was unexplained free fluid, even
though 70% of those with only unexplained free fluid had
no bowel injury. Other findings, such as focal bowel wall
thickening, interloop fluid, mesenteric stranding or frank
hematoma are often seen (Fig. 7). If a single finding is
seen, likelihood of injury is low; a combination of find-
ings, particularly free fluid without an obvious source in
combination with focal bowel wall thickening and/or
mesenteric stranding is very suggestive of bowel injury
and such patients should be further explored or followed
very carefully.

Oral contrast presents a risk, although low, of adverse
events, including aspiration pneumonia. Given this and
the low rate of visible bowel contrast leak, some have
questioned the use of oral contrast to detect bowel injury.
One study of 1,000 patients [22] and another of 500 [23]
showed similar accuracy to previous reports with oral
contrast — with a sensitivity of 82-95%, and a specificity
of 99%. At our institution, the use of oral contrast has
been discontinued in trauma patients with no recognized
ill effect.

Fig. 7. Motor vehicle collision. Focal hematoma and thickening of
cecum; cecal laceration was found at surgery

Splenic Injuries

The spleen is the most frequently injured abdominal or-
gan in blunt trauma. There may be signs of blood loss, or
left upper quadrant pain, but the diagnosis largely rests
on imaging or surgical exploration. A trend towards non-
operative management is supported by evidence that
long-term health is better in those who have had splenic
function preserved. This necessitates accurate non-
invasive diagnosis, and is aided by signs predictive of
success or failure of conservative management.

Splenic injuries can cause free fluid, perisplenically or
elsewhere, which can readily be detected by sonography.
Splenic injury may alter echo texture: lacerations may be
anechoic if there is rapid bleeding, but are more com-
monly more echogenic than normal spleen [2]. With such
findings on sonography, the decision whether to further
evaluate with CT or to proceed to surgery can be made
on clinical grounds (Fig. 1). Splenic injuries may be
missed by sonography, particularly if not associated with
free fluid. In one large study, there were 43 false negative
sonograms, including six splenic ruptures that required
surgery [3].

CT is quite sensitive for the detection of splenic injuries
[24]. Subcapsular hematoma is seen as a crescentic low at-
tenuation peripheral rim, and intraparenchymal hematoma
is seen as a rounded area within the spleen with low at-
tenuation and no enhancement. Lacerations are common,
seen as linear or branching low attenuation lesions which
often extend to the surface, often associated with
perisplenic or free fluid (Fig. 1, 2). Hemoperitoneum
tends to be higher attenuation close to the source of the
bleeding; thus when the spleen is the source, the collec-
tion adjacent to the spleen may be higher in attenuation
than elsewhere (Fig. 1), the sentinel clot sign. Lacerations
may involve the vasculature. There can be devasculariza-
tion of the spleen by hilar injury. There may be active ex-
travasation into the peritoneal cavity or a confined area of
extravasation — a pseudoaneurysm (Fig. 2). Both types of
extravasation indicate that non-operative management
may not succeed, although angiographic embolization
may control the bleeding and allow splenic salvage [25].

A number of schemes have been devised to grade
splenic injury on CT in an attempt to predict outcome,
with variable correlation with need for surgery [1]. One
of the commonest is the AAST scoring system. In a large
study, failure of non-operative management correlated
with splenic injury grade: less than 10% failed with
grades 1 or 2, while one-third of grade 4 and three-quar-
ters of grade 5 injuries required surgery [26]. Never-
theless, for the individual patient, occasional cases of
low-grade injury suffer delayed rupture, and some high-
grade injuries are successfully conservatively managed.
The additional finding of traumatic pseudoaneurysm or
active extravasation (which does not confer to a specific
stage in the AAST scoring system) increased the likeli-
hood of failure of non-operative management, whatever
the grade [27]. No CT findings are accurate predictors of
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the need for intervention. Angiographic embolization has
similar outcomes and less morbidity compared with
surgery [28].

Hepatic Injuries

The liver is the second most frequently injured abdom-
inal organ, accounting for about 20% of abdominal in-
juries [1, 24]. The right lobe is more often affected than
the left, with the posterior right lobe being the most fre-
quently injured segment. Hepatic injuries may be asso-
ciated with intraperitoneal hemorrhage, but injury may
be confined to the liver, or hemorrhage limited by an
intact capsule. Laceration of the bare area is associated
with extraperitoneal fluid [1]. US may show liver lac-
erations, which appear similar to splenic injuries, but
US has a limited sensitivity of 67%, compared to 93%
for CT [29]. This is in part because of the large size of
the liver, and the difficulty in clearly imaging all por-
tions by US.

Injuries to the liver include contusion, seen on CT as
an ill-defined area of low attenuation; subcapsular
hematoma, a crescentic collection limited by the capsule;
and intraparenchymal hematoma, a collection of blood
within a liver laceration. Laceration is the most common,
with linear or branching low attenuation regions, some-
times with jagged margins, that can extend to surface or
to vessels. Periportal low attenuation is usually due to
edema, but it may represent blood tracking along portal
veins. Rarely, this is the only sign of liver injury [1, 24].
The most severe, and rare, injury is avulsion of the he-
patic pedicle [30].

Liver injuries may require surgery, but 50-90% can be
managed non-operatively. The liver, with a dual blood
supply, is relatively resistant to infarction, and has con-
siderable functional reserve. No CT signs or grading
schemes have been shown to be reliable predictors of
which patients will require intervention. However, active
extravasation may predict a need for surgery or angioem-
bolization. The presence of hepatic arterial extravasation
or extension of injury into hepatic veins correlates with
the need for surgery [31]. Subclassification of extravasa-
tion can be useful: extravasation into the peritoneal cavi-
ty is highly correlated with the need for surgery, intra-
parenchymal extravasation with significant hemoperi-
toneum may require surgery, while extravasation limited
within a hepatic hematoma without hemoperitoneum can
usually be managed conservatively [21].
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Introduction

Computed tomography (CT) is the established method
for the imaging evaluation of traumatic injury to the ab-
domen and pelvis. This role has been galvanized in the
era of multidetector CT (MDCT) because of the greater
speed and flexibility afforded by this modality. MDCT
can now image the head, entire spine and torso, often in
less time than would be typical for obtaining a standard
three-view radiographic trauma series (portable chest, lat-
eral C-spine and AP pelvis). When coupled with its ac-
curacy for detecting multisystem injuries, CT has become
the indispensable means by which prompt diagnosis and
triage is undertaken for the stable trauma patient.
Additionally, the high quality image data sets now ob-
tained from MDCT permit the routine use of post pro-
cessing techniques such as multiplanar reformation
(MPR), maximum intensity projection (MIP) and three-
dimensional (3D) image display for improving evaluation
and communication of diagnostic results.

MDCT Imaging Techniques

Since most traumatic injury is not isolated to a single
anatomic region, abdominal and pelvic imaging is usual-
ly undertaken in the context of a complete system evalu-
ation of the multitrauma patient that often includes imag-
ing of the head, entire spine and torso. As previously pub-
lished by several authors, following a head CT without
intravenous contrast material (IVCM), scanning is per-
formed from the circle of Willis, or alternatively, from the
thoracic inlet to the symphysis pubis following the intra-
venous administration of nonionic [IVCM (100-150 ml of
300 mg iodine/mL, Ultravist 300) using an injection rate
of at least 3 cc/s. Imaging through the abdomen should
be timed so that it commences during the portal venous
phase of homogeneous parenchymal enhancement. Early
or delayed scanning may falsely simulate injury or de-
crease conspicuity of true injury. At our institution, the
emergency radiologist immediately reviews a trauma pa-
tient’s scans while the patient is on the CT table. When
injury is present, delayed imaging is generally performed

approximately 3 minutes after the initial [IVCM injection,
or during the pyelographic phase. Delayed imaging is not
performed if no significant injury is detected, thereby re-
ducing radiation exposure for these patients. If immedi-
ate review of the initial scan is not an option based on ra-
diologist’s availability, or if the incidence of injury is high
among a given institution’s trauma population, routine ac-
quisition of a delayed scan in every patient may prove a
more efficient means of operating procedure. An unen-
hanced CT is performed in patients with known renal in-
sufficiency or severe contrast allergy, though sensitivity
for detecting injury is reduced.

Oral contrast material (OCM) is not routinely used at
our trauma center at the time of the initial CT evaluation.
Though the use of OCM has been shown to be safe, the
perception of providers at our institution is that it delays
transit to CT, results in the otherwise unnecessary place-
ment of a nasogastric tube in many patients, and owing to
the speed of MDCT, is increasingly of little benefit hav-
ing rarely progressed beyond the stomach to typical areas
of injury by the time CT is performed in most patients.
Instead, once immediate life-threatening injuries have
been excluded by an initial CT scan, patients with sus-
pected bowel injury based on clinical grounds or results
of the initial scan are reimaged after administration of
water soluble OCM and a relatively short time for bowel
transit, usually about 1 hour.

Rectal contrast material should be administered in all
patients with penetrating injuries to the abdomen or
flank. Approximately 50 cc of Ultravist 300 (or any
IVCM of similar iodine concentration) is injected into a
liter of warm saline for use as contrast material.
Adequate colonic distention generally involves adminis-
tration of approximately 500 cc rectal contrast material
with the patient in a left lateral decubitus position for
suspected left colonic injury, or up to a liter of contrast
material with the patient in a right lateral decubitus po-
sition for suspected right colonic injury. Use of intra-
venous, oral and rectal contrast material (i.e., triple con-
trast CT) has been shown to be a highly accurate means
of excluding peritoneal violation in the setting of pene-
trating trauma to the flank. Additionally, among those
patients with peritoneal violation, CT has been reported
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to accurately predict the need for laparotomy with 100%
sensitivity, 96% specificity, 100% negative predictive
value, and 97% accuracy.

When bladder injury is suspected, CT cystography is
performed. Antegrade filling of the bladder from renal
excretion of IVCM is insufficient for excluding bladder
injury. Bladder contrast is easily obtained by mixing 50
cc Ultravist 300 in a liter of warm saline. Following the
initial scan of the abdomen and pelvis with IVCM, the
Foley catheter is unclamped, permitting complete
drainage of excreted contrast material. A closed system is
used to connect the liter of saline to the indwelling Foley
catheter and contrast is instilled in a retrograde fashion
with the saline bag approximately 40 cm above the height
of the patient’s bladder (i.e., the height of the CT table).
Bladder contrast is instilled until one of the following: 1)
contrast flow stops, 2) 350 to 400 cc of contrast have
been instilled, or 3) the patient no longer tolerates con-
trast instillation. Adequate retrograde distention of the
bladder is critical for its proper evaluation. Furthermore,
CT cystography should not be performed until after the
initial CT scan through the abdomen and pelvis with
IVCM. This allows easy discrimination between arterial
extravasation and bladder contrast extravasation, both of
which are encountered in the setting of pelvic fractures.

Splenic Injury

The spleen is the most commonly injured solid organ in
the setting of blunt abdominal trauma, representing ap-
proximately 25% of all blunt injuries to the abdominal
viscera. The spleen is a highly vascular organ that weighs
approximately 75-100 grams in the average adult, con-
tains approximately one unit of blood at any given time
and circulates approximately 350 liters of blood per day.
With greater recognition of its important immunologic
roll, there has been a progressive trend toward the con-
servative, nonoperative management of splenic injury
among hemodynamically stable patients. Today, more
than half of all patients with splenic injury are managed
nonoperatively.

Splenic injury may be manifest on CT as parenchymal
contusion, intraparenchymal or subcapsular hematomas,
intrasplenic lacerations, vascular injuries including
pseudoaneurysms and arteriovenous fistulas, and active
arterial hemorrhage. Parenchymal contusions are seen as
poorly defined areas of decreased parenchymal enhance-
ment. Subcapsular hematomas are generally seen as well
defined elliptical or crescentic collections of blood that
reside immediately below the splenic capsule, may com-
press the subjacent splenic parenchyma and are of lower
attenuation than the enhancing splenic parenchyma.
Presence of parenchymal compression helps differentiate
subcapsular hematoma from perisplenic hematoma.
Intrasplenic lacerations are seen as linear or complex and
branching areas of low attenuation coursing through the
normally enhancing splenic parenchyma, whereas intra-

parenchymal hematomas are seen as intrasplenic low at-
tenuation collections. Active hemorrhage, pseudoa-
neurysms and arteriovenous fistulas appear as areas of in-
creased density relative to the normally enhancing
splenic parenchyma and are of similar attenuation value
to an adjacent major artery, generally within 10
Hounsfield units (HU) (i.e., contrast blush [CB]).
Traumatic injury may also result in segmental or com-
plete splenic devascularization.

Relying on CT appearance alone to accurately predict
those patients requiring splenectomy versus those who
can be managed nonoperatively would be highly advan-
tageous. Unfortunately, despite a number of CT grading
systems, none has proven reliable in predicting outcome
for nonoperative management. Using logisitic regression,
Schurr et al. showed that CT splenic injury grade had no
predictive value for nonoperatively-managed patients.
Other studies have shown that CT often underestimates
the severity of splenic injury. There is also significant in-
terobserver variability among radiologists in their grad-
ing of splenic injury. Despite these limitations, CT has
nonetheless greatly facilitated the trend toward nonoper-
ative management, if for no other reason than its contri-
bution toward excluding other injuries that would require
surgical exploratory laparotomy.

More recent radiology literature suggests that some
CT findings may have strong predictive values for failed
nonoperative management. These include: 1) active he-
morrhage, 2) post-traumatic pseudoaneurysm, and 3) ar-
teriovenous fistula. All three of these lesions may be
seen as a ‘contrast blush’ on the initial phase of CT scan-
ning. The latter two splenic vascular injuries cannot be
further differentiated on contrast-enhanced CT.
However, the latter two can be differentiated from active
hemorrhage on delayed scanning, at which time the ar-
terial attenuation ‘blush’ typically decreases to become
isodense or minimally hyperdense compared to the nor-
mally enhancing splenic parenchyma. Conversely, the ar-
terial ‘blush’ persists during delayed scanning with ac-
tive hemorrhage since the contrast material has ex-
travasated from vascular structures and therefore does
not ‘wash-out’. Furthermore, whereas the splenic vascu-
lar injuries of post-traumatic pseudoaneurysm and arte-
riovenous fistula are always intrasplenic, active hemor-
rhage may be intrasplenic, subcapsular or freely in-
traperitoneal (Fig. 1) (Tab. 1).

Among those managed nonoperatively, the majority of
failures will occur within 24 hours of admission. Gavant
and colleagues reported an 82% failure rate among pa-
tients with contrast extravasation or intrasplenic vascular
injury (pseudoaneurysm or arteriovenous fistula) who
were managed nonoperatively. Other investigators have
shown that patients with a CB by CT are 9.2 times more
likely to require surgical laparotomy or angiographic em-
bolization. In effect, a CB at CT has a high correlation
with failure of nonoperative management. However, to
date this finding has not been included in any of the
widely used splenic injury grading criteria.
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Fig. 1. Splenic laceration associated with intraperitoneal active arte-
rial extravasation. Axial MDCT images obtained during portal ve-
nous phase of scanning show a curvilinear contrast blush adjacent
the anterior pole of the spleen (arrowheads). Moderate hemoperi-
toneum (large arrow) is present around the liver and spleen. Note
that hemoperitoneum adjacent the spleen is of higher attenuation
than that adjacent the liver (‘sentinel clot”)

Table 1. CT splenic injury grading scale

CT Grade I  Laceration(s) < 1 cm deep
Subcapsular hematoma < 1 cm diameter
CT Grade II  Laceration(s) 1-3 cm deep

Subcapsular or central hematoma 1-3 cm diameter

CT Grade III Laceration(s) 3-10 cm deep
Subcapsular or central hematoma 3-10 cm diameter

CT Grade IV Laceration(s) > 10 cm deep
Subcapsular or central hematoma > 10 cm diameter

CT Grade V. Splenic tissue maceration or devascularization
Modified from Mirvis et al. (1989)

Hepatic Injury

Hepatic injury represents approximately 15-20% of all
blunt injuries to the abdominal viscera, placing it as the
second most commonly injured solid organ in the setting
of blunt abdominal trauma. However, hepatic injury is the
most common cause of death following abdominal injury.
Historically, most liver injuries were treated surgically de-
spite the fact that as many as 70% had stopped bleeding
by that time. Further, a comparison has shown that opera-
tive management requires more blood transfusions and re-
sults in more complications than does nonoperative man-
agement. For these reasons, and given the greater ability
to diagnose and monitor hepatic injuries by CT, there has
been a progressive trend toward the conservative, nonop-
erative management of these injuries among hemodynam-
ically stable patients. Today, approximately 80% of all pa-
tients with hepatic injury are managed nonoperatively.
Hepatic injury may be manifest on CT as parenchy-
mal contusion, intraparenchymal or subcapsular

hematomas, intrahepatic lacerations, vascular injuries in-
cluding pseudoaneurysms and arteriovenous fistulas,
and active arterial hemorrhage. Parenchymal contusions
are seen as poorly defined areas of decreased parenchy-
mal enhancement. Subcapsular hematomas are generally
seen as well defined elliptical or crescentic collections of
blood that reside immediately below the hepatic capsule,
often compress the subjacent hepatic parenchyma and
are of lower attenuation than the enhancing hepatic
parenchyma. Presence of parenchymal compression
helps differentiate subcapsular hematoma from perihep-
atic hematoma. Intrahepatic lacerations are seen as lin-
ear or complex and branching areas of low attenuation
coursing through the normally enhancing hepatic
parenchyma, whereas intraparenchymal hematomas are
seen as intrahepatic low attenuation collections (Fig. 2).

Fig. 2. Complex interlobar hepatic transection (a, b) Axial MDCT im-
ages obtained during portal venous phase of scanning show a com-
plex laceration (L) extending between the right and left hepatic lobes.
Moderate hemoperitoneum (large arrow) is present. a Laceration ex-
tends to involve the retrohepatic inferior vena cava (arrowheads). b
More inferiorly, laceration involves the main portal vein with blood
tracking along the right and left portal branches (arrowheads)
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Active hemorrhage, pseudoaneurysms and arteriovenous
fistulas appear as areas of increased density relative to
the normally enhancing hepatic parenchyma during the
portal venous phase, reaching a similar attenuation val-
ue to an adjacent major artery, generally within 10 HU
(i.e., CB). Traumatic injury may also result in segmental
or complete hepatic devascularization.

Though CT grading of hepatic injury has thus far
proven to be unreliable in predicting the need for
surgery, CT has to be helpful in guiding management,
and to have a positive correlation between grade of in-
jury and the increased likelihood of failed nonopera-
tive management. Vascular injuries, including post-
traumatic pseudoaneurysm and arteriovenous fistula as
well as active extravasation, are strong predictors of
failure of nonoperative management. Injuries extend-
ing to the regions of the portal and hepatic veins are
more likely to require surgery (Fig. 2). Injuries ex-
tending to involve the retrohepatic vena cava are par-
ticularly lethal, with a mortality rate of 90-100% due
to the difficulty in exposing and controlling hemor-
rhage in this region. Some of these injuries may be fur-
ther characterized and managed by angiography. At
least one major trauma center in the U.S. performs an-
giography on any of the following: 1) any grade III to
V hepatic injury with extension into the region of a
portal or hepatic vein, 2) any patient with active hem-
orrhage or vascular injury (i.e., a CB on portal venous
phase) regardless of grade of injury, or 3) in any pa-
tient requiring multiple transfusions because of ongo-
ing hepatic hemorrhage (Tab. 2).

Delayed complications may be seen in 10-25% of pa-
tients with hepatic injury. Hemorrhage, hepatic abscess
and biloma are the most common complications. Delayed
hemorrhage is seen in 1.7-5.9% of patients managed non-
operatively. These patients are usually managed with an-
giography or surgery. Hepatic abscess is seen in 0.6-4%
of patients with hepatic injury, but more commonly in
those patients managed nonoperatively. These patients are
usually managed with percutaneous abscess drainage.
Biloma is seen in less than 1% of patients with hepatic
injury. Symptomatic patients are usually managed with
percutaneous or endoscopic drainage. Asymptomatic pa-

Table 2. CT hepatic injury grading scale

CT Grade I  Laceration(s) < 1 cm deep
Subcapsular hematoma < 1 cm diameter
CT Grade I  Laceration(s) 1-3 cm deep

Subcapsular or central hematoma 1-3 cm diameter

CT Grade III Laceration(s) 3-10 cm deep

Subcapsular or central hematoma 3-10 cm diameter
CT Grade IV  Laceration(s) > 10 cm deep

Subcapsular or central hematoma > 10 cm diameter

Lobar maceration or devascularization

CT Grade V
Modified from Mirvis et al. (1989)

Bilobar tissue maceration or devascularization

tients are managed expectantly since bilomas usually re-
solve without intervention over the course of weeks to
months.

Renal Injury

The kidneys are the third most commonly injured solid
organ in the setting of blunt abdominal trauma, repre-
senting approximately 10% of all blunt injuries to the
abdominal viscera in adults. However, the kidney is the
most commonly injured solid organ in the setting of
blunt abdominal trauma in children. During the 1950s
and 60s, surgical exploration of the injured kidney of-
ten led to nephrectomy. As with splenic and hepatic in-
jury, the improved ability to diagnose and monitor renal
injuries by CT has facilitated the shift toward nonoper-
ative management of these injuries among hemody-
namically stable patients. Absence of hematuria can be
reliably used to exclude significant renal injury in the
setting of blunt abdominal trauma, but this does not
hold true for penetrating trauma. Today, approximately
98% of all patients with renal injury are managed non-
operatively.

Renal injury may be manifest on CT as parenchymal
contusion, intraparenchymal, subcapsular or perinephric
hematomas, intraparenchymal lacerations, vascular in-
juries including pseudoaneurysms and arteriovenous fis-
tulas, and active arterial hemorrhage. Additionally, in-
juries may extend to and disrupt the collecting system, re-
sulting in urinary extravasation (Fig. 3).

Renal contusions are seen as ill-defined round or ovoid
hypoattenuating regions on the portal venous phase of
scanning, or as persistent contrast staining on delayed im-
ages obtained in the pyelographic phase. Subcapsular
hematomas are generally seen as well defined elliptical
or crescentic collections of blood that reside immediate-
ly below the renal capsule, often compress the subjacent
renal parenchyma and are of lower attenuation than the
enhancing renal parenchyma. Perinephric hematomas are
often poorly defined blood attenuating fluid collections
contained between the kidney and Gerota’s fascia that
rarely deform the renal parenchyma. Renal lacerations
are seen as linear or complex and branching areas of low
attenuation coursing through the normally enhancing re-
nal parenchyma, where as intrarenal hematomas are seen
as low attenuation collections within the renal parenchy-
ma. Active hemorrhage, pseudoaneurysms and arteriove-
nous fistulas appear as areas of increased density relative
to the normally enhancing renal parenchyma during the
portal venous phase of scanning. The attenuation of these
injuries is generally within 10 HU of the renal artery.
Traumatic renal injury may also result in segmental or
complete renal devascularization.

The organ injury scale (OIS) of the American
Association for the Surgery of Trauma (ASTT) is used to
calculate the injury severity score (ISS) since the ISS cor-
relates with patient outcome and likelihood of death.
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Fig. 3. Gunshot wound to right flank with renal injury. Axial MDCT
images obtained during portal venous phase (a) and delayed scan-
ning performed during the pyelographic phase (b, ¢). a, b Gunshot
entry wound is readily identified in the right anterior flank (concave
arrowheads) with intraperitoneal fluid confirming peritoneal viola-
tion. a Perinephric hematoma (arrowheads) appears contained by
Gerota’s fascia posteriorly but is less well marginated anteriorly. a,
b Active arterial extravasation is noted anterior to the right kidney
(large arrows) with increased contrast accumulation on the delayed
phase of scanning. ¢ More inferiorly, pyelographic extravasation
(large arrows) confirms injury to the renal collecting system

However, the CT classification of renal trauma includes
important injuries that can be identified at imaging, but
that are not explicitly specified in the OIS system. These
include: 1) subtotal or segmental renal infarction, 2) trau-
matic thrombosis of the main renal artery, 3) active ex-
travasation of vascular contrast material, and 4) uretero-
pelvic junction (UPJ) avulsion.

The majority of renal injuries, approximately 85%, are
comprised of grade I and II injuries that are considered
relatively minor and do not typically require any inter-
vention. Conversely, grade IV and V renal injuries always
require treatment to repair the renal collecting system, ar-
rest hemorrhage, and/or restore renal perfusion. Grade III
injuries may or may not require intervention, depending
on the presence of CT findings of active bleeding or clin-
ical signs and symptoms suggesting continued bleeding.

Pancreatic Injury

Pancreatic injury is rare. One retrospective review that in-
cluded 16,188 Level I trauma center admissions over a
ten year study period found an incidence of pancreatic in-
jury of 0.4%. In this same study, approximately two
thirds (63%) occurred as a result of penetrating trauma,
whereas only one third of cases (37%) were due to blunt
abdominal trauma. Therefore, the relative incidence of
pancreatic injury in penetrating trauma was found to be
1.1% as compared to an incidence of only 0.2% among
blunt abdominal trauma patients.

Though CT has been widely used as the primary means
of evaluation for blunt abdominal trauma in hemodynami-
cally stable patients, only recently has it begun to gain
wider acceptance for evaluation of patients with penetrating
mechanisms. Given the low overall incidence of pancreatic
injury, coupled with the historically less frequent evaluation
of patients with penetrating trauma and the recent advances
in MDCT, it remains unclear what role CT may have in ex-
cluding or accurately grading pancreatic injury.

Pancreatic injury may be manifest on CT as parenchy-
mal contusion, intraparenchymal or peripancreatic
hematomas, intraparenchymal laceration or pancreatic
transection (Fig. 4), vascular injuries including post-trau-
matic pseudoaneurysm, and active arterial hemorrhage.
CT has an established role for the evaluation of abdomi-
nal trauma, therefore it is most important that the radiol-
ogist remain alert to the possibility of pancreatic injury,
particularly among those patients with penetrating in-
juries. Further, among those patients suffering blunt trau-
ma, the relatively protected central position of the pan-
creas means that pancreatic injury is rarely isolated. Injury
to the midline pancreatic body is commonly associated
with left hepatic lobe and duodenal injury. Injury to the
pancreatic tail is commonly associated with splenic injury.
Injury to the pancreatic head is commonly associated with
major hepatic, vascular (retrohepatic inferior vena cava,
aorta, portal vein and superior mesenteric vessels), and/or
duodenal injury. Greater scrutiny of the pancreas when
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Fig. 4. Pancreatic laceration after motor vehicle collision. a, b Axial
MDCT images obtained during portal venous phase show a pan-
creatic laceration near the junction of the pancreatic body and tail
(arrowheads). Fat stranding is present posterior to the pancreas. A
small amount of fluid is present in Morrison’s pouch

these associated injuries are present may improve detec-
tion of pancreatic injuries. Post-traumatic complications
of pancreatic injury may include pancreatitis, pancreatic
fistula, pseudocyst or intra-abdominal abscess formation.

Bowel and Mesentery Injury

Bowel and mesenteric injury are relatively rare among
patients with blunt abdominal trauma. According to the
largest retrospective study to date, the incidence of small
bowel injury is 1.1%, and the incidence of colonic injury
is 0.3% among these patients. Most frequently injured
are the jejunum and ileum at the ligament of Treitz and
the ileocecal valve, respectively, as these are sites of
transition between fixed and mobile bowel segments,
making them prone to the forces of deceleration injury.
The next most commonly injured areas are the colon and
rectum, followed by the duodenum and stomach.
Surgical exploration remains the primary means by
which any bowel perforation is treated.

Unequivocal findings of full thickness bowel injury on
MDCT include direct visualization of bowel wall discon-
tinuity with or without extravasation of bowel contents,
including oral contrast material. Pneumoperitoneum,
though strongly suggestive of full thickness bowel injury
in the appropriate clinical setting, is a well-known cause
of false positive CT interpretation. Air may be introduced
into the peritoneal cavity by alternate means, including
diagnostic peritoneal lavage, Foley catheter placement in
the setting of intraperitoneal bladder rupture, and translo-
cation of air from the thoracic cavity in the presence of
thoracic injury (e.g., pneumothorax or pneumomedi-
astinum). Nonetheless, pneumoperitoneum without an
identified source should be considered indicative of full
thickness bowel injury until proven otherwise. Focal bow-
el wall thickening (Fig. 5) usually reflects partial thick-
ness injury (i.e., bowel wall contusion or hematoma) that
is most often self-limited in the absence of less equivocal
clinical findings (e.g., adjacent pneumoperitoneum or
bowel content extravasation). In the absence of solid or-
gan injury, the presence of isolated nonphysiologic quan-
tities of free fluid is associated with an 84.2% incidence
of small bowel injury. When coupled with pneumoperi-
toneum, sensitivity for detecting small bowel perforation
increases to 97%. When confronted with nonspecific
findings such as focal bowel wall thickening or unex-
plained free fluid in the setting of blunt abdominal trauma,
a thorough CT evaluation of the bowel using water-soluble
oral contrast material should be strongly considered among
patients for whom surgical exploration is deferred.

Mesenteric injury may or may not be associated with
bowel injury. CT findings of mesenteric injury may in-
clude ill-defined focal areas of fat stranding that reflect
mesenteric contusion, focal collections of blood attenuat-

Fig. 5. Small bowel injury. Axial MDCT image obtained during
portal venous phase shows circumferential thickening of a small
bowel loop in the mid abdomen (arrowhead). Interloop fluid is pre-
sent. Patient went to laparotomy for other intra-abdominal injuries
(obviating need for repeat scan with oral contrast material), at
which time the small bowel injury was found to be nontransmural
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ing mesenteric hematoma or active mesenteric arterial
extravasation. Isolated mesenteric contusion is usually
managed nonoperatively. Active mesenteric arterial ex-
travasation usually undergoes emergent laparotomy.
Mesenteric hematoma management may vary based on
its size and association with other injuries. Mesenteric in-
jury can also result in devascularized segments of bowel.
As with nonspecific findings of bowel injury, CT evalu-
ation using water-soluble oral contrast material should be
strongly considered among patients with mesenteric in-
jury for whom surgical exploration is deferred.

Bladder Injury

Bladder injury is relatively uncommon, with a reported
incidence of 1.6% among blunt abdominal trauma pa-
tients. Approximately 90% of bladder injuries are the re-
sult of motor vehicle collisions or pedestrians struck by
car. The remaining 10% are related to falls, pelvic crush
injuries (often occupational and/or industrial), and se-
vere blows to the lower abdomen. The likelihood of blad-
der injury is almost certainly related to its degree of dis-
tention at the time of trauma. Hematuria is present in es-

sentially all cases of bladder rupture, and most have
gross hematuria.

Bladder rupture can be classified as extraperitoneal
(EBR, 57%), intraperitoneal (IBR, 36%), or combined
(EBR and IBR, 5-7%). Approximately 7-9% of patients
with pelvic fracture will have bladder rupture.
Conversely, 83-89% of patients with bladder rupture will
have pelvic fracture. Pelvic fracture is almost uniformly
present if the bladder rupture is extraperitoneal.
Previously, the strong association of EBR with pelvic
fracture was mechanistically explained as resulting from
direct bladder perforation by bony spicules resulting at
the fracture site (Fig. 6a, b). However, at least one study
has shown that the site of bladder injury was opposite the
fracture site in 65% of cases. More recently, some authors
have suggested that shearing forces related to pelvic ring
disruption may tear the bladder at its fascial attachments.
Whereas EBR more commonly occurs at the low anteri-
or bladder, IBR more commonly occurs at the bladder
dome. IBR most commonly results from a direct blow to
a distended bladder that increases intravesicular pressure
and causes the bladder to burst into the intraperitoneal
space. IBR tears are typically much larger (5-10 cm) than
those encountered with EBR.

Fig. 6. Extraperitoneal blad-
der injury. a Axial MDCT
image obtained during por-
tal venous phase shows low
attenuation fluid anterior
and lateral to the bladder
(arrowheads). b Coronal
reformation shows left su-
perior pubic ramus fracture
(arrowhead) with a bony
spicule directed toward the
bladder. Note the absence
of free fluid within the peri-
toneal cavity. ¢ Sagittal re-
formation after retrograde
administration of bladder
contrast via indwelling
Foley catheter shows ex-
traperitoneal extravasation
of contrast material into the
prevesical space (white ar-
rowheads) through a defect
(black arrowhead) in the
low anterior bladder. d
Axial image obtained at CT
cystography shows the
‘molar tooth’ sign (arrow-
heads) related to extravasa-
tion of bladder contrast ma-
terial anteriorly and lateral-
ly. (Images courtesy of Dr.
Peter Clarke, Boston)
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CT is an excellent means of bladder evaluation when
injury is suspected based on mechanism, presence of
pelvic fracture and/or hematuria. The standard method
for CT cystography, as described earlier, has a reported
sensitivity/specificity of 92%/99.6% for IBR, and a sen-
sitivity/specificity of 100%/99.3% for EBR. The most
classic finding for EBR is referred to as the ‘molar
tooth sign’ (Fig. 6c¢, d). This is present when extravasat-
ed bladder contrast tracks anteriorly and laterally
around the distended bladder, creating the profile of a
molar tooth. Extraperitoneal contrast can also track in-
to the anterior abdominal wall, flank, scrotum and
thighs. IBR is first suspected by the presence of low at-
tenuation urine ascites during the initial portal venous
phase of scanning. Following CT cystography, ex-
travasated bladder contrast resides within the peritoneal
cavity and confirms intraperitoneal rupture (Fig. 7).

Fig. 7. Intraperitoneal
bladder injury in a re-
peat study performed
on a transfer trauma pa-
tient whose outside
imaging did not accom-
pany them. Axial MD-
CT image obtained dur-
ing portal venous phase
(a) and coronal MPR
(b) show a large vol-
ume of high-density
contrast material pool-
ing in the paracolic gut-
ters (arrowheads) and
between bowel loops
(large arrow), confirm-
ing intraperitoneal blad-
der rupture. No solid
visceral injury was pre-
sent. Note absence of
oral contrast material
within the stomach.
(Images courtesy of Dr.
Peter Clarke, Boston)

False negatives are known to occur when bladder dis-
tention is inadequate for whatever reason (technique,
patient tolerance, bladder compression by pelvic
hematoma). If CT cystography is not timed correctly in
the patient’s evaluation, extravasated oral or intravenous
contrast material may be mistaken for bladder injury
leading to false positive diagnoses.

Intraperitoneal bladder rupture is universally treated by
surgical repair. Otherwise, these typically large bladder
lacerations continue to decompress and spill urine into
the peritoneal cavity where it is resorbed by peritoneal
surfaces and leads to uremia. Extraperitoneal bladder
rupture is typically managed by catheter drainage.
Surgical repair remains an option if adequate drainage
cannot be accomplished, injury is in close proximity to
the bladder neck, there are associated rectal or vaginal in-
juries, or the patient undergoes open reduction internal
fixation of an anterior pelvic fracture. Approximately
85% of EBR heal by the tenth day, and almost all heal
within 3 weeks of injury.

Diaphragmatic Injury

Diaphragmatic injury is present in 1-6% of patients sus-
taining blunt abdominal trauma. The force required for
diaphragmatic injury accounts for the frequent coexis-
tence of other abdominal injuries in 75-100% cases.
Diaphragmatic injury is twice as common with penetrat-
ing trauma as compared to blunt abdominal trauma. Left
diaphragmatic injury is more common than right whether
due to blunt (approximately 75%) or penetrating (ap-
proximately 56%) mechanisms. Left predominance may
be slightly overestimated, since right diaphragmatic in-
jury is more likely to go undiagnosed among nonsurgical
cases. Bilateral diaphragmatic injuries occur in 1-5% of
patients. The posterolateral aspect of the diaphragm is the
most frequent site of injury given the congenital weak-
ness in this region. Diaphragmatic injury is frequently
missed in the acute setting.

Diaphragmatic injury may be suspected or diagnosed
on the portable chest radiograph obtained as part of a rou-
tine trauma series. If gas-containing viscera are identified
within the thorax, and particularly if said viscera are con-
stricted at the site of diaphragmatic tear (the ‘collar
sign’), then diaphragmatic injury can be reasonably as-
sumed. Passage of a nasogastric tube into the stomach
can help to confirm its abnormal position in the chest
cavity and further establish the diagnosis of diaphrag-
matic injury.

CT signs that are specific for the diagnosis of di-
aphragmatic injury include: 1) herniation of abdominal
viscera into the thorax (Fig. 8), and 2) focal constriction
of the diaphragm around abdominal viscera, the so-called
‘CT collar’ sign. Nonspecific CT signs of diaphragmatic
injury include: 1) discontinuity of the diaphragmatic
crus, 2) thickening of the diaphragm, and 3) the ‘depen-
dent viscera’ sign. Routine use of sagittal and coronal re-
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Fig. 8. Left diaphragmatic rupture. a, b Axial MDCT images show
the stomach within the left hemithorax, and both the stomach and
spleen lying dependently on the posterior thoracic wall (arrow-
heads) consistent with the ‘dependent viscera’ sign. b Note the nor-
mal suspension on the hepatic dome away from the right posterior
thoracic wall owing to the intact right hemidiaphragm

formations in the evaluation of patients sustaining ab-
dominal trauma may improve detection of diaphragmatic
injury. Whenever CT is equivocal, MRI may prove help-
ful in further evaluation.
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Introduction

Computed tomography (CT) and magnetic resonance
(MR) imaging are often the primary examinations con-
sidered when evaluating patients with a variety of ab-
dominal and pelvic conditions. When these exams are
carried out, the radiologist needs to consider the possi-
bility of incidental irrelevant findings or normal anatom-
ic variants, which can mimic pathology. In addition, prop-
er interpretation depends on the quality of the imaging
studies, which is dependent on a number of factors.
Therefore, optimal protocol and the familiarity of the ra-
diologist with normal variants and pseudo-tumors is es-
sential to correctly interpret such studies. In addition,
lack of clinical information such as prior abdominal
surgery can contribute to misdiagnoses, leading to erro-
neous management. For CT, these subjects are discussed
in the following three categories.

Procedural Factors

To optimize routine CT examinations of the abdomen,
several general principles need to be followed. These in-
clude optimization of the technical parameters of the CT
scanner for a particular clinical indication, achieving op-
timal contrast enhancement of the targeted solid organs

and surrounding structures and adequate distention of
the hollow viscera.

The current technology of spiral (helical) and multi-
detector CT (MDCT), allow us to scan the entire ab-
domen and pelvis in one or two breath-holds, often with-
out motion artifact. Thin collimation and a reconstruc-
tion interval every 5 mm generally allow adequate CT
evaluation. If only axial incremental CT scanning is
available, the examination is often optimized by the lib-
eral use of thinner collimation over the area of interest.
In MDCT, coronal and sagittal reconstructions will often
provide additional diagnostic information and reduce er-
rors and pitfalls.

Administration of oral contrast medium is essential
for CT assessment of the abdomen and pelvis. The
amount of contrast medium, its density, timely adminis-
tration and the proper timing of the CT study in relation
to the start time of administration are essential elements
for the optimal opacification of the gastrointestinal (GI)
tract and a reduction in erroneous readings [1]. For eval-
uation of the pancreas or stomach, water or gas-produc-
ing granules prior to CT scanning are often helpful.
Inadequate distention or opacification of the hollow vis-
cera can obscure a neoplasm or mimic conditions such
as an abscess (Fig. 1, 2).

Intravenous contrast is recommended for CT evalua-
tion of the gastrointestinal tract and it is a requirement for

Fig.1. A small stromal tumor in the stomach (GIST) was missed on the initial study. It can be clearly seen in the stomach distended with

dilute barium or water
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Fig. 2. This febrile patient with recent right
hepatic lobectomy was thought to have a
multiloculated abscess with probable liver
involvement. A repeat CT with oral contrast
revealed unopacified bowel loops, which
mimicked abscess and intrahepatic bilomas

proper assessment of solid abdominal viscera [3-5]. The
wall of the hollow viscera, if well-distended, is easily
evaluated by performing contrast CT during the late arte-
rial or early portal-venous phase. For spiral CT, typically
100-120 cc of contrast is injected at a rate of 3-5 cc per
second and the data is obtained during both arterial and
portal-venous phases. The arterial phase is generally done
at a scan delay of 25-30 seconds and reflects enhance-
ment of the solid viscera by their respected arteries. In
liver, this will result in little enhancement, as the hepatic
artery supplies only 25% of the liver blood. Therefore,
there will be minimal enhancement of the hepatic
parenchyma, and the portal and particularly hepatic veins
often remain unopacified, which can be a source of diag-
nostic error. Conversely, hypervascular lesions, which are
only seen on arterial phase, may not be appreciated if on-
ly the venous phase is obtained. Hyper-enhanced areas
are occasionally encountered in arterial phase of the liv-
er, referred to as transient hepatic attenuation difference
(THAD). This pattern has been described in many condi-
tions that have altered the balance of hepatic arterial and
portal-venous blood-flow to a portion of the liver. These
include arterial portal shunts, hypervascular tumors, gall-
bladder inflammation, hepatic congestion, systemic por-
tal shunts, portal vein thrombosis and superior vena cava

Fig.3. THAD in the
left lobe as a result
of patent pericar-
diophrenic  vein.
Delayed image does
not reveal the en-
hancing segment

obstruction [1]. These intrahepatic areas of attenuation
difference may be anatomic and follow a lobar, segmen-
tal or subsegmental distribution, or alternatively, in cases
such as hepatic congestion, the difference may not follow
any obvious anatomic distribution. Such transient pat-
terns can mimic a hypervascular tumor in the liver (Fig.
3). Rarely, THAD can persist in the portal phase and its
cause may remain unidentified.

The portal-venous phase of hepatic enhancement al-
lows good detection of hypovascular liver tumors, and is
usually performed using an 80 second scan delay.

Spleen displays heterogeneous enhancement patterns
during the arterial phase of contrast enhanced CT and
MRI. This is related to the variable rate of blood flow to
the different histologic components of the spleen. As the
terminal arteries transport contrast enhanced blood into
the splenic parenchyma, it is first carried into the white
pulp before being discharged into the relatively larger
volume of red pulp, which is comprised of splenic sinus-
es and cords. The patterns of heterogeneous enhancement
in the spleen have been described as ‘serpentine’, ‘cord-
like’, ‘muddled’ or ‘striped’. The term ‘zebra spleen’ has
been often applied. By less than two minutes post-injec-
tion, the normal spleen should demonstrate a homoge-
neous enhancing pattern.
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Anatomic Variations

Diaphragm, liver, spleen, pancreas, kidneys, adrenal
glands and the GI tract can have numerous anatomic vari-
ants. Such findings on sectional imaging occasionally
mimic pathologic conditions.

Muscular fibers of the diaphragm, which are primarily in
the peripheral region, may invaginate into the adjacent sub-
diaphragmatic fat in the upper abdomen and on CT scans
or MRI, may be seen as soft tissue nodules (Fig. 4). Deeper
diaphragmatic invaginations in the right side can result in
accessory liver fissures, which are often seen in the superi-
or aspect of the liver. In the posterior pararenal spaces, the
lateral arcuate ligament of diaphragm may be seen as a soft
tissue nodule. These diaphragmatic slips are more common
in older persons, (nearly 70% frequency in patients older
than 70 years, compared with 24% in younger patients) and

are more prominent upon inspiration or in patients with em-
physema. The diaphragmatic crura are ligamentous bands
that are tendinous at origin. The right crus is longer and
larger and often more lobular than the left side. On axial
images of CT or MR, thickened areas of the crura can be
mistaken for lymphadenopathy or even an adrenal nodule.

The caudate lobe of the liver may be divided in its in-
ferior part into the medial papillary process and the lat-
eral caudate process. If prominent, papillary process may
appear similar to an enlarged node at the porta hepatis or
simulates a mass in the head of the pancreas [1, 6]. It can
extend medially behind the gastric antrum and is separat-
ed from the liver on at least one CT scan in about 20% of
the patients. With MDCT, reconstruction of images in
different planes will solve this issue. Pedunculated acces-
sory hepatic lobe is a rare condition and can mimic an en-
larged node or a pancreatic mass (Fig. 5).

Fig.5. Pedunculated accessory hepatic lobe. On these six sequential images, one can see the pedicle on the first image. On the subsequent
images, while it has the same degree of enhancement as the liver, it mimics a mass in the gastro hepatic ligament or the pancreas
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Fatty infiltration of the liver is commonly associated
with obesity, diabetes mellitus, Cushing’s disease, mal-
nutrition, chronic alcoholic abuse, steroid use or mal-
nutrition related to malignancy or chemotherapy and
intravenous hyperalimentation. Differences in perfu-
sion may cause fatty infiltration of the liver to occa-
sionally appear regional or focal and should not be mis-
taken for mass or infarction. Fatty changes, particular-
ly when patchy, perivascular and multifocal, can be
mistaken for liver metastasis on CT scans [7]. However,
the presence of an unaltered vascular pattern is a major
clue. When focal, in a patient with known malignancy,
MRI may occasionally be needed for differentiation
from a tumor (Fig. 6). In cases of diffuse fatty infiltra-
tion, one or several areas of unaffected liver may re-
main and represent islands of normal hepatic parenchy-
ma called ‘spared areas’.

The spleen has various configurations and positions
and its position depends on the length of the splenore-
nal ligament. Even with normal length, there is some
movement to the spleen in supine and prone positions.

Fig. 6. Two focal areas of low attenuation in the liver CT in a pa-
tient with breast carcinoma. Out of phase sequence MR image
proves them to represent focal fatty infiltration. Note the normal
caliber of a vessel traversing the larger area of low signal

The length of splenorenal ligament can place the spleen
in direct contact with, or even dorsal or caudal to the left
kidney. Elongated ligament results in wandering spleen.
In addition, accessory spleen and polysplenia should
not be misdiagnosed as masses. Synchronous and equal
enhancement of accessory spleen with the normal
spleen is one clue to diagnosis. Patients with history of
traumatic splenic rupture who have had a prior splenec-
tomy are prime subjects to develop intra-abdominal
splenosis. This condition results in implantation of
splenic tissues on the peritoneal surfaces, which grow
and mimic small nodules or masses. If the patient de-
velops malignancy at a later age, splenosis should not
be mistaken for metastases (Fig. 7).

The pancreas is traditionally divided into five parts,
the uncinate process, the head, the neck, the body and the
tail. The first four parts are retroperitoneal, while the tail
extends into the peritoneum ensheathed in the splenore-
nal ligament and can have variable configurations. The
position of the pancreas is often variable and partly at-
tributes to the increasing laxity in the retroperitoneal
connective tissue that accompanies the aging process.
The position of the tail also depends on the presence and
location of the spleen and the left kidney. Normally, the
pancreas has homogeneous density and tapers from the
head towards the tail, but there are many variations in
contour and density.

Vascular anomalies and normal variants in the
retroperitoneum are often related to the inferior vena ca-
va (IVC) and the left renal vein and may be mistaken for
a node on unenhanced CT. These include transposition or
duplication of the IVC and circumaortic or retroaortic left
renal vein.

Fat impingement on IVC can mimic thrombosis. This
phenomenon always occurs above the confluence of the
hepatic veins and the IVC and relates to the subdi-
aphragmatic paraesophageal fat extending laterally and
superiorly to impinge on the suprahepatic IVC.

Adrenal glands usually have a linear shape, however,
on the left side, the adrenal can have a normal triangular

Fig.7. This 47-year-old woman had a splenectomy after a car accident at the age of 17. A blood transfusion resulted 30 years later in the
development of hepatitis C and eventually hepatocellular carcinoma (seen in the middle CT image). Notice the multiple implants that on
nuclear study proved to be splenosis
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shape (5%) with smooth or concave borders. A gastric di-
verticulum arising from the gastric cardia, and extending
into the left adrenal fossa can mimic an adrenal mass.
Oral contrast and scanning in different positions will of-
ten clarify the nature of the apparent mass.

Postoperative Pitfalls

Surgery of any type within the abdomen and pelvis may
affect the normal orientation of the solid and hollow vis-
cera. This may be due to either organ removal or trans-
plantation, or as a result of an erroneously implanted for-
eign object, implantation of tissue and prosthesis, or cre-
ation of ostomies and pouches.

Pitfalls as the Result of Organ or Tissue Removal

Surgery may be performed in order to remove solid vis-
cera such as a kidney, part of the liver or pelvic organs.

Post-nephrectomy Pitfalls

As the result of nephrectomy, which may be carried out
as a treatment for renal cell carcinoma, unopacified bow-
el loops, pancreas, gallbladder, or spleen may occupy the
vacant renal fossa, mimicking tumor recurrence or simu-
lating an abscess, potentially resulting in unnecessary in-
tervention.

Post-hepatic Lobectomy Pitfalls

Regeneration of the remaining liver by hypertrophy, hy-
perplasia, or both starts to take place immediately after
partial hepatectomy. On CT, this is recognized by pro-
gressive enlargement and change in contour for six
months to one year after resection. As a result, the gall-
bladder is often displaced to an unusual location, mimic-
king other pathologic conditions.

Post-cystectomy Pitfalls

Radical cystectomy results in a vacant space, which is
usually filled by intestinal loops. Immediate postopera-

tive CT may be carried out in order to rule out an ab-
scess, and follow-up CT is often requested to rule out
any recurrent neoplasm. The use of adequate oral con-
trast agent before CT is important in such patients.
Ileostomy, particularly when identified with opacified
urine, is recognizable on CT, however a non-opacified
continent ileostomy can be mistaken for an abscess or
other collections.

Loop electrosurgical excision procedure (LEEP) is a
way to test and treat cervical dysplasia. In some cases, it
may be used to treat the early stages of cervical cancer.
After such a procedure, the CT or ultrasound (US) will
show the paucity of cervical tissue as a focal cervical
canal dilatation mimicking a cystic lesion (Fig. 8).

Pitfalls as a Result of Abdominoperineal Resection (APR)

After APR for rectal carcinoma, in addition to recurrent
tumors, the differential diagnosis of a presacral soft tis-
sue mass should include unopacified bowel loops, relo-
cated pelvic organs such as seminal vesicles or uterus,
and postoperative fibrosis [8, 9]. Although the recurrent
tumor often needs to be proven by biopsy or follow up,
recognition of the other conditions is important to prevent
an unnecessary intervention (Fig. 9).

Fig.9. After APR, the two seminal vesicles are inferiorly displaced

Fig.8. The cervix after LEEP procedure, mimicking a cystic lesion. Notice the cystic area on the sagittal transvaginal sonogram
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Pitfalls as the Result of Implantation of Tissue and Prosthesis

Whenever postoperative radiation therapy is contemplated
in the pelvis, one of the limiting factors in its optimization
is the low level of radiation tolerance of the small intes-
tine [10]. Omental fat, synthetic absorbable mesh, or oc-
casionally breast implant have been used during surgery
to lift the small bowel out of the radiation field in patients
treated for gynecologic or colonic cancers. The omental
lid is formed into a pedicle flap, based on either the left
or the right gastroepiploic artery, and is usually swung
down to the left pericolic gutter to cover the denuded
pelvic wall. Such a flap serves both as a vascular bed to
absorb the serous drainage and as an X-ray barrier for the
bowel loops. Without knowledge of such operations, the
radiologist may misinterpret the CT images [11].

After localized resection of a renal lesion, such as a
cyst, stone-filled caliceal diverticulum, or a small renal
cell carcinoma, surgeons have used perinephric fat to
tamponade the bleeding cut surface of the kidney before
closing the renal capsule over the cortical defect [12].
This may also be done in liver cysts. Such fat can be a
source of error in the interpretation of post-operative CT
or sonogram. Also when removing large benign liver cyst
or hydatid cysts, the surgeon may choose to fill the va-
cant area with omental fat (Fig. 10).

Pitfalls as the Result of Organ Transplantation

The organs commonly transplanted in the abdomen in-
clude the kidney, pancreas, and liver. Ovaries can be
reimplanted for the purpose of protecting them from ra-
diation therapy in the pelvis.

Renal Transplantation

In this condition, the transplanted kidney is easily recog-
nizable. Post-operative complications such as infarctions
and abscesses, however, may be difficult to diagnose if
proper history is not available.

Fig.10. This patient
with hydatid cyst
of the liver (right
image) had a cyst
removal about a
year previously. At
the time of opera-
tion, the surgeon
used omental fat to
fill the vacant
space in the liver.
Notice a small
residual cyst on the
post-operative CT
scan (left image)

Pancreatic Transplantation

Such surgery is undertaken in selected patients in an at-
tempt to prevent, arrest, or reverse progression of diabetes
complications. A whole or segmental graft may have been
obtained from a cadaver, and placed in the pelvis, which
may appear as a soft tissue mass in pelvic CT.

Oophoropexy

At the time of radical hysterectomy for early-stage cer-
vical carcinoma, the decision to remove or retain gross-
ly normal ovaries in premenopausal patients involves
weighing several competing factors. Ovarian conserva-
tion and lateral ovarian transplantation may be used
when treating such patients [13]. When pelvic irradia-
tion is planned, the ovaries are mobilized at the time of
surgery. Then, with their vascular pedicle, they are
transplanted near the peritoneum in each pericolic gut-
ter (oophoropexy) and thus are removed from the radi-
ation field. This information is vital to the radiologist so
that normal ovaries will not be mistaken for an abnor-
mal mass.

Pitfalls as the Result of Foreign Objects

Topical hemostatic materials are widely used to control
bleeding in abdominal surgery. Oxidized regenerated
cellulose is often used and is locally absorbed without
tissue reaction [14, 15]. However, if left behind, they
can mimic an abscess on follow-up CT in a febrile post-
operative patient. Erroneously, larger material may be
left in the abdomen and can mimic an abscess.
Generally, the diagnosis of retained surgical foreign
bodies continues to be a problem as long as non-ab-
sorbable materials are used (Fig. 11). Cotton sponges
are inert, and they do not undergo any specific decom-
position or biomedical reaction. Pathologically, howev-
er, there may be either an aseptic fibrinous reaction or
an exudative response.




32

A. Shirkhoda, K. Mortele

Pitfalls as the Result of Recent Procedures, Pouches, and Ostomies

Changes on CT related to operations such as gastroduo-
denostomy, gastrojejunostomy, pancreaticojejunostomy,
ileocolostomy, and other types of anastomoses in the GI
tract or the biliary system, are less likely to be sources of
pitfalls. In patients who have had a gastrojejunostomy,
however, an unopacified duodenal loop can cause confu-
sion in evaluating the head of the pancreas for mass le-
sions. Ileostomies and colostomies, particularly when
opacified by oral contrast or renal excretion of intra-
venous contrast, are easily recognizable on CT. A non-
opacified continent ileostomy or the reservoir from ileo-
cystostomy, however, can be mistaken for abscesses or
other abnormal fluid collections [16].

A Puestow procedure is a surgical procedure performed
for patients with chronic pancreatitis [17]. In these pa-
tients, the duct within the pancreas becomes dilated and
obstructed. During the procedure, the duct is cleared and
attached lengthwise to the small intestine. This increases
the amount of pancreatic enzymes secreted into the small
intestine. A CT scan after such a procedure can reveal an
image that may mimic peri-pancreatic cysts.
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Introduction

The acute abdomen is a common and often challenging
emergency in pediatrics. This chapter will provide an ap-
proach to the imaging evaluation of children with acute
abdomen, highlighting briefly the more common causes
of abdominal pain that may require surgery.

Causes of Acute Abdomen

There is a wide spectrum of pathologies that may give
rise to acute abdominal pain. These include congenital
and acquired lesions that may present in the immediate
neonatal period, or in older infants and children.

The acute abdomen is not uncommon in neonates in
Neonatal Intensive Care Units and may be the result of
several causes, of which the three most significant are
congenital bowel obstruction, complications of mid-gut
malrotation and necrotizing enterocolitis (NEC).

In older infants and children the common causes of acute
abdominal pain that may require surgery include acute ap-
pendicitis, complications of malrotation, intussusception,

and Meckel diverticulum. Inflammatory bowel diseases
may also present with acute abdominal symptomatology.
Although the above-mentioned causes of acute ab-
dominal pain are due to lesions involving the gastroin-
testinal (GI) tract, there are many causes of the acute ab-
domen that are due to abnormalities of other viscera, in-
cluding gynecological abnormalities such as ovarian tor-
sion; omental lesions such as omental infarcts; obstruc-
tions of the biliary and urinary tracts due to stones; and
inflammatory processes such as pancreatitis or hepatitis.
It has to be emphasized that abdominal pain may also be
due to referred pain from extra-abdominal pathologies such
as pneumonia or pleural effusion. Diseases such as sickle
cell disease, Henoch-Schonlein purpura and hemolytic ure-
mic syndrome may also cause significant acute abdominal
pain. During imaging of the child with acute abdominal
pain these other pathologies should also be considered.
Abdominal trauma may also cause acute abdomen.
Occasionally, mild abdominal trauma may cause abdom-
inal pain out of proportion to the degree of trauma and
imaging in these children may reveal an underlying ab-
normality such as a neoplasm (Fig. 1) or an anomaly such
as uretero-pelvic obstruction. Furthermore, one should

Fig. 1. CT scan after intravenous contrast injection in a 3 year old boy with minor abdominal trauma. a Scan shows large solid mass (out-
lined by electronic cursors). Fluid is noted in the right flank with a fluid fluid level (arrow). b The right kidney is displaced forward by a
large perinephric fluid collection with a fluid fluid level (arrow). The mass is noted to arise in the kidney. This is an example of a marked
amount of hemorrhage occurring following minor trauma to the abdomen in a patient with an underlying Wilms’ tumour
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consider non-accidental injury or abuse when certain
traumatic lesions, such as hematomas of the left lobe of
the liver and duodenum or pancreatitis are found, espe-
cially if these are present in combination.

Modalities

(i) Sonography Ultrasound (US) has come to play an in-
creasingly important role in the management of children
with acute abdominal pain, and has replaced the plain ab-
dominal radiograph as the initial modality of choice in
many clinical situations. The major advantages of US are
that it does not utilize ionizing radiation, it is relatively
inexpensive and the abdominal viscera including the
bowel can be well-delineated. This allows the confirma-
tion or exclusion of many pathological entities.

(ii) The plain abdominal radiograph (AXR) remains a
standard method for the evaluation of the acute abdomen
in some clinical situations. It is essential when peritonitis
is present and perforation is suspected.

All neonates with an acute abdomen are evaluated with
AXR. This modality is essential for the evaluation of con-
ditions such as NEC and congenital bowel obstruction. In
the former the AXR may be diagnostic and in the latter
the findings guide the choice of subsequent contrast ex-
aminations of the gastrointestinal tract. Views with a hor-
izontal beam are essential to exclude the presence of free
air due to bowel perforation and can be performed with
the neonate in the dorsal or lateral decubitus positions.

In older children the diagnosis of intestinal obstruction
can often be made on the supine film alone. A search for
air fluid levels on the upright view does not always add
extra information and a search for free air in the abdomen
is often more easily achieved using a lower radiation dose
with a single upright view of the chest, which also serves
to exclude lung pathology.

However, AXR findings are often non-specific in both
the neonate and older child, limiting its utility.

(iii) Contrast studies of the GI tract are essential in cer-
tain conditions such as suspected mid-gut malrotation
and congenital bowel obstruction. In the latter situation
the contrast enema is important for diagnosis and thera-
py in some patients.

(iv) Computed tomography (CT) is reserved for more
complicated imaging situations where US may not pro-
vide all the information required, e.g. in children with ap-
pendicitis when gas obscures the right lower quadrant, in
older, obese children, or in children with abscesses. CT
without contrast injection is also extremely helpful for
the delineation of urinary stones that are not clear on US.

(v) Magnetic resonance (MR) has a very limited role in
children with acute abdominal pain. However, it can de-
pict anatomy exceptionally well in certain conditions,
where it may be used to complement findings on US.
Such conditions include biliary and pancreatic duct
anomalies as well as gynecological disorders such as
complex anomalies associated with hydrocolpos.

Acute Appendicitis

Acute appendicitis is a common clinical entity in pedi-
atrics. In many patients clinical diagnosis can be easily
made and no imaging is required prior to appendicecto-
my. However, imaging is extremely important in children
who present with non-specific features. We use US as the
modality of initial choice and try to reserve CT for those
patients in whom US examination is inconclusive. We al-
so use CT in patients with abscesses, in order to better de-
fine the extent of the abscesses prior to drainage by the
interventional radiology team.

The diagnosis of appendicitis is made on US when the
diameter of the appendix is greater than 6 mm and the ap-
pendix is non-compressible (Fig. 2). However, this should
not be considered an absolute measurement and other
features should be considered, including edema of the

Fig.2. Sonograms showing examples of acute appendicitis. a Longitudinal scan through the appendix shows distention of the appendix (dis-
tance between cursors measured 0.8 cm). The appendix was non-compressible and there is echogenic tissue surrounding the appendix due
to edema of the surrounding mesentery. b Transverse scan through the appendix (arrow) shows a distended non-compressible appendix
with surrounding edema of the soft tissues. ¢ Example of appendicitis involving only the tip of the appendix. The tip of the appendix is
distended to well above 0.6 cm (black arrow). The white arrow indicates the presence of an echogenic appendicolith with posterior shad-
owing. This example illustrates the importance of searching for the tip of the appendix
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mesentery, hyperemia of the wall of the appendix on col-
or or power Doppler examination, the presence of an ap-
pendicolith and local fluid collections or abscess forma-
tion. There are other conditions that may cause the ap-
pendix to become thick-walled and dilatated, including
cystic fibrosis, Henoch-Schonlein purpura and inflam-
matory bowel diseases.

Malrotation

The radiologist plays an exceptionally important role in
the diagnosis of this condition, which can potentially lead
to bowel necrosis requiring extensive bowel resection and
may even be fatal.

During development, the midgut undergoes a process
of growth and elongation involving:

(1) Herniation of the midgut into the umbilical cord
along the axis of the superior mesenteric artery
(SMA)

(i) Rotation of 270 degrees in an anticlockwise direc-
tion

(i) Reduction of the midgut into the abdomen by 12
weeks gestation and

(iv) Fixation of parts of the midgut by peritoneum.

The normal process of rotation and fixation is essen-
tial for the midgut to assume its normal mature position
in the abdomen. However, abnormalities due to the ar-
rest of rotation and/or fixation may occur at any phase
of the above process and may involve only part or all of
the midgut. This may, therefore, lead to a number of
variations of malrotation and/or malfixation. The vast
majority of these variations are associated with clinical
symptoms that usually present within the first few
months of life and may be life-threatening. Others may
be associated with few or no symptoms and are inci-
dentally found.

Malrotation usually leads to obstruction of the duode-
num by (i) peritoneal (Ladd) bands that anchor the cecum

to the retroperitoneum across the duodenum in the right
upper quadrant, (ii) midgut volvulus due to the narrowed
base of the mesentery or more rarely, (iii) internal hernia.

The clinical picture and imaging appearances depend
on the nature and degree of obstruction as well as the
presence or absence of vascular compromise.

Variety of Imaging Appearances of Malrotation

(i) Plain abdominal radiograph: In typical cases there is
gaseous distension of the duodenum (Fig. 3), but the ap-
pearance may often be non-specific or even normal. In
some patients the duodenum may be filled with fluid
and not visible and only the stomach is distended with
air. In children with severe vascular compromise due to
volvulus, the entire small bowel is dilated (with air flu-
id levels), and resembles a low bowel obstruction or
ileus (Fig. 4). One should therefore never rely on plain
film findings to rule out malrotation. In any child where
there is a suspicion of malrotation, particularly those
with bilious vomiting, contrast studies of the GI tract or
sonography should be carried out.

(ii) Contrast studies of the GI tract: In the past there was
much debate about whether the upper GI series or con-
trast enema is the most effective way to diagnose malro-
tation. Today most institutions rely more on the upper GI
series but if in doubt — do both! On the upper GI series
the duodenojejunal flexure is absent and the proximal
small bowel typically lies in the midline (Fig. 5). Rarely
an internal hernia may be delineated. On the contrast en-
ema the cecum is usually in the right upper quadrant and
the ascending colon and hepatic flexure are not correctly
positioned. One pitfall in diagnosis is the variation in po-
sition that the above structures may assume normally or
with malrotation. Meticulous technique is critical to ei-
ther type of study in order to delineate these structures
accurately. The use of too much or too little contrast ma-
terial may render the study undiagnostic.

. Fig.3. Examples of high gastrointesti-
nal obstruction in newborns. a A dou-
ble bubble appearance is present due
to distention of the stomach and duo-
denum by gas. There is no gas distal-
ly. The findings are typical of a duo-
denal atresia. b A double bubble is
again noted due to gaseous distention
of the stomach and duodenum.
However, small amounts of gas are
noted distally. Although this suggests
the presence of a duodenal stenosis,
this appearance is more likely due to a
malrotation with obstruction of the
duodenum usually due to Ladd’s
bands. Rarely, this appearance may be
seen with a duodenal atresia when air
passes around the atresia through dis-
tended ducts in the pancreas
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Fig.5. Upper GI series in a 14-year-old boy presenting with vomit-
ing and abdominal pain. The stomach is normal. The third part of
the duodenum passes only to the midline and then inferiorly (ar-
row) and then to the right. This is a typical appearance of midgut
malrotation. The duodenojejunal junction is absent from its normal
position in the left upper quadrant

(iii) Sonography: Sonographic signs have been recently
described in malrotation, but a normal sonogram does not
exclude malrotation. Abnormalities that have been de-
scribed include: (a) fluid distention of the duodenum, (b)
inversion of the superior mesenteric artery and vein rela-
tionship — unfortunately this can be seen in a small pro-
portion of asymptomatic, normal individuals, and (c) the
whirlpool sign seen with midgut volvulus (Fig. 6). Rarely,
ascites may be present in neonates.

Fig. 4. Abdominal radiographs in
two newborns with malrotation
and volvulus. a Bowel gas is
slightly distended and there is a
soft tissue mass in the right hemi-
abdomen due to fluid filled loops
involved in the volvulus. At
surgery the loops were viable. b
Marked bowel gas distention
throughout the abdomen. This is a
non-specific appearance that may
resemble a low congenital bowel
obstruction or an ileus. There are
some fluid-filled loops in the up-
per abdomen causing a small
mass effect. At surgery there was
malrotation with a volvulus and
extensive necrotic bowel

Fig. 6. A transverse sonogram of the upper abdomen in a neonate
with bilious vomiting and abdominal tenderness. The duodenum (D)
is distended with fluid and has a beak shape. In the mid abdomen
there is a mass noted with concentric circles (arrows). This is typi-
cal of the whirlpool sign seen in midgut malrotation and volvulus

Necrotizing Enterocolitis

NEC usually presents in infants in the Neonatal Intensive
Care Unit — and is found more commonly in premature
neonates. The classic presentation includes abdominal
distention and blood in the stool. The radiologist plays an
important role at the time of diagnosis of this condition,
during follow-up and in the detection of later complica-
tions such as strictures.

(i) AXR: At the time of diagnosis there are three abnor-
malities that may be present on AXR, including bowel di-
latation, intramural gas and portal venous gas.

Bowel dilatation is present in almost 100% of the pa-
tients with NEC and the degree of distention of the bow-
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el usually correlates well with the clinical severity.
Follow-up AXR may show asymmetric dilatation and
fixed loops in those infants whose status deteriorates.

Intramural gas is not present in 100% of patients and
the amount of intramural gas does not always correlate
well with the degree of clinical severity (Fig. 7). Portal
venous gas is usually present in patients with severe
NEC. Disappearance of intramural gas and portal venous
gas does not always correlate with clinical improvement,
as the gas eventually disappears even in those children
who deteriorate clinically.

(ii) US is an extremely useful modality for investigating
patients with NEC, as it can provide information regard-
ing the presence of intraperitoneal fluid, bowel wall thick-
ness and bowel perfusion (using color or power Doppler
sonography) (Fig. 8).

US is more accurate than AXR for documenting the
presence of free and focal intra-peritoneal fluid and can
also define the character of this fluid. It is well known
that not all patients with NEC will show free air on AXR
following perforation, and may present only with the
presence of free fluid.

Fig.7. Necrotizing enterocolitis in two newborns. a Bowel in the right flank shows marked distention with gas and evidence of intramural
gas. Intramural gas is most commonly seen in newborns with necrotizing enterocolitis. b In another neonate there is moderate bowel gas
distention. A bubbly appearance in the flanks suggests the presence of intramural air

Fig. 8. Sonograms of the abdomen in three neonates with necrotizing enterocolitis. a Scan through the liver shows hyperechoic foci that
have a linear or punctate configuration within the liver due to the presence of portal venous gas. Sonography is more sensitive for depict-
ing the presence of portal venous gas than abdominal radiographs. b Loop of bowel showing marked thickening of the wall (between elec-
tronic cursors). Although this is seen commonly in necrotizing enterocolitis, thickening of the bowel wall is non-specific and can be seen
in any cause of bowel edema. There is no intramural gas in the wall of this loop. ¢ Color Doppler sonogram of the bowel shows two loops
of bowel that are hyperemic, indicating that they are viable. The loops are found one on each side of another loop of bowel, which is dis-
tended with fluid and has hyperechoic foci in the bowel wall. The hyperechoic foci represent areas of intramural gas. There is no blood
flow noted in this loop, suggesting that it is necrotic. Necrosis in this loop was confirmed at surgery



38

A.Daneman, U. Willi

We have shown in the early phases of NEC that the
bowel wall is quite thickened, while in more severely af-
fected patients the mucosa and submucosa of the bowel
sloughs into the lumen of the bowel, leaving a markedly
thinned bowel wall, more prone to perforation. Thinning
of the bowel wall can be documented with sonography.
We have shown that in NEC the bowel (particularly
thickened bowel) becomes markedly hyperemic and this
indicates the presence of viable bowel. However, absence
of bowel perfusion in single or multiple loops of bowel
(particularly when the bowel wall is thinned) indicates
the presence of necrosis and may warrant surgical inter-
vention even if there is no free air present on the plain
radiograph.

Sonography comes to play a more important role in the
follow-up of patients that do not respond to medical man-
agement and those who deteriorate clinically. In these pa-
tients US may provide information that is not depicted
with AXR.

Meckel Diverticulum

Meckel diverticulum most commonly presents as pain-
less rectal bleeding due to ulceration caused by the pres-
ence of ectopic gastric mucosa. These patients are usual-
ly adequately diagnosed and managed following a ra-
dionuclide scan.

In under 50% of the children presenting with Meckel
diverticulum clinical findings are more complex, with a
combination of abdominal pain, vomiting and occasion-
ally, rectal bleeding. In children with acute pain the di-
agnosis is often difficult and non-specific. US can be
used successfully to document the presence of an in-
flamed or hemorrhagic Meckel diverticulum. In this sit-
uation the Meckel diverticulum has a variable appear-
ance and may simulate the presence of an inflamed du-
plication cyst, appendicitis and sometimes a small intus-
susception. When this somewhat atypical appearance is
present on US one should consider the diagnosis of a
complicated Meckel diverticulum rather than the other
pathologies it simulates.

Intussusception

See the chapter, ‘Intussusception: An Approach to Man-
agement’ for a review of this important cause of acute ab-
domen in Pediatrics.

Congenital Bowel Obstruction in the Neonate

Obstruction due to congenital lesions may occur at all
levels of the GI tract and are, from a practical point of
view, divided into ‘high’ or ‘low’ lesions. The high ob-
structions denote lesions of the esophagus, stomach, duo-
denum and upper small bowel. The low obstructions in-

clude lesions of the lower small bowel and large bowel,
and anorectal malformations.

The distribution of dilated bowel loops on plain radi-
ographs usually enables relatively easy differentiation of
high from low obstruction, by evaluating the number of
visible gas-filled loops. Fluid-filled loops may be diffi-
cult to visualize on plain radiographs and may mas-
querade as free fluid or masses; thus, they occasionally
complicate the picture. It should be emphasized that the
differentiation of dilated gas-filled small from large
bowel loops may be impossible in neonates. Free air is
not usually evident in these patients unless the diagno-
sis is delayed. Intramural air (and even portal venous
gas) may be seen proximal to high grade obstruction,
but it is much more commonly seen in NEC. Calcifica-
tion may be present in the peritoneum (meconium peri-
tonitis) due to prenatal perforation, in the wall of the
bowel proximal due to an atresia, or in the bowel con-
tent within the lumen occasionally proximal to low ob-
struction.

Most complete high obstructions are easily diagnosed
on plain radiographs. If the diagnosis is in doubt, air can
be injected slowly via a feeding tube into the lumen of the
GI tract to confirm or exclude an obstruction. In incom-
plete obstructions (e.g. malrotation and stenoses), posi-
tive water-soluble contrast agents are required to confirm
the level and nature of obstruction.

Low obstructions include ileal and colonic atresias,
meconium ileus, functional immaturity of the large bow-
el, Hirschsprung’s disease and anorectal malformations.
Although there are some features on plain radiographs
that might suggest any of the above conditions, radi-
ographic findings are often non-specific. Differentiation
of these conditions, therefore, will depend on other fac-
tors such as clinical history and physical examination.
Invariably, these conditions require the use of a water-sol-
uble contrast enema to define the distal colon and ileum
for a more confident diagnosis. The contrast enema may
also prove therapeutic in patients with meconium ileus or
meconium plugging in the colon.
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Topic and Learning Objective

This seminar concentrates on dynamic examination carried
out using videofluoroscopy or digital cinematography.

After a short introduction on topographic and func-
tional anatomy, radiographic anatomy, physiology and ex-
amination technique, cineradiographic sequences of nor-
mal deglutition, dysfunction of the pharyngoesophageal
sphincter and typical examples of neuromuscular dis-
eases affecting deglutition will be analyzed in detail.

After this seminar, participants should be able to cor-
rectly analyze impairments of swallowing and, with the
help of a decision tree (Fig. 1) and a differential diag-
nostic table (Table 1), be able to allocate an individual
case to the correct group of differential diagnoses.

Examination Technique

Liquid barium sulfate suspension is utilized for routine
examinations. Semi-solid or solid (tablets) preparations
may also be used in specific instances. Water-soluble con-
trast media are used where perforation is suspected. When

used in patients with suspected aspiration, the prepara-
tions must be non-ionic and of low osmolarity, as aspira-
tion of ionic contrast agent can lead to severe lung edema.

The ideal imaging modality available is digital cinera-
diography, but videofluorography represents a feasible al-
ternative. It is less expensive and exposes the patient to
less radiation; however, its use results in compromises in
resolution and handling, especially for frame-by-frame
analyses. The oral and pharyngeal phases are recorded
with at least 30 frames per second, starting in the upright
position. Oral cavity, pharynx and pharyngo-esophageal
segments should be in the field of vision; the image in-
tensifier should be kept stationary. At least one swallow
is filmed in the antero-posterior (a.-p.) and in the lateral
position. In the a.-p. position, head and body should be
perfectly aligned; any relative rotation will cause unilat-
eral passage of the bolus through the hypopharynx and
may thus simulate palsy or a tumor. One swallow should
be examined in the lateral decubitus position, eliminating
the effect of gravity and making weakness of propulsion
more evident. Finally, one swallow is followed from the
mouth to the stomach in the left posterior oblique (LPO)
prone position. Here, digital recording of fluoroscopy

‘ Impairment of pharyngeal contraction ‘

unilateral

Tonus normal ‘ Tonus decreased ‘

‘ Tonus normal or increased ‘ ‘ Tonus decreased

bulbar or cranial
nerve lesion

artifact
tumor

Myopathies

pseudobulbar (bulbar or cranial
palsy nerve lesion)?

Parkinson’sP Myastheniac

Fig. 1. Decision tree for etiologic classification of neuromuscular disorders affecting pharyngeal motility
a Rigor, mainly of the tongue, resulting in ‘piecemeal deglutition’; ® bilateral lesions lead to complete aphagia, making radiologic exami-
nation impossible; ¢ ‘fatigue’ phenomenon: progressive impairment with repeated swallows
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Table 1. Systematic classification of neuromuscular lesions and their effects on deglutition

Site Typical Phase affected Asymmetry Tonus Aspiration Frequent or

of lesion representative primary secondary specific symptoms

Psychogenic anxious 1 - normal - - apraxia

depression

Cortical (tumor, 1 - normal - - apraxia

cortical infarct)

Corticobulbar  pseudobulbar 1 + 2 - normal - + PES?

tracts (brain palsy or +

stem)

Extrapyramidal Parkinson’s 1(+2) - normal - - rigor, piecemeal

system disease deglutition

Cerebellum tumor, 1 + normal - -

metastasis
cerebellar 1 - normal - -
atrophy

Nuclei, cranial tumor or surgery 1, 2, 1 + 2 + - + +

nerves post. fossa/skull (depending
base on nerves
affected)

End plates myasthenia 1+2 - (-)P - + fatigue phenome-
non nasal regur-
gitation

Striated polymyositis 1+2 - normal - +

muscle® or —

Smooth systemic 3 - - - + reflux (LES

muscle® sclerosis incompetence)

2 Incomplete relaxation of pharyngoesophageal sphincter
b May be normal at beginning of examination
¢ Often combined (overlap syndromes)

with a pulse rate of 12 to 15 pps can be used, which ex-
poses the patient to less radiation. During the entire bo-
lus passage through the esophagus, the patient should not
swallow, as this would immediately interrupt peristalsis.

Anatomy and Physiology

Topography and radiographic anatomy will not be dealt
with in this abstract. Functional muscular anatomy divides
the pharyngeal musculature into three groups: the eleva-
tors, the constrictors and the pharyngoesophageal sphinc-
ter. The elevators insert at the base of the skull, the jaw,
the hyoid bone and the thyroid cartilage. These muscles
move the laryngopharynx upward and forwards at the be-
ginning of the pharyngeal phase. The constrictors, con-
sisting of the ceratopharyngeus, the thyreopharyngeus and
the oblique part of the cricopharyngeus muscle, propel the
bolus through the pharyngeal cavity by their peristaltic ac-
tivity in conjunction with the tongue rolling backward and
downwards over the hyoid bone. The pharyngoesophageal
sphincter, consisting of the transverse portion of the
cricopharyngeus muscle and adjacent transverse fibers of
the esophageal musculature, maintains a tonic contraction
between swallows. As soon as peristaltic contraction of
the constrictors begins, the sphincter relaxes completely

and will not contract again until complete passage of the
ingested bolus into the esophagus.

Deglutition can be divided into an oral, a pharyngeal
and an esophageal phase.

The oral phase (phase 1) is under full voluntary control.
First, the taste, texture and temperature of the bolus are
analyzed. The voluntary act of swallowing is prepared by
premotor activity of cortical areas in the cingulate gyrus,
the insula and the inferior frontal gyrus.

When a bolus has been recognized as edible and palat-
able, the motor activities in the oral phase are controlled
by the precentral gyrus. After mastication, the bolus is
loaded onto the back of the tongue. It is held there in the
form of a spoon, between the back of the tongue and the
soft palate and pharyngopalatine arch.

The pharyngeal phase (phase 2), starts with a voluntary
upward movement of the soft palate, allowing the bolus
to flow into the mesopharynx, where it comes into con-
tact with tactile receptors of the mucosa. This triggers the
swallowing reflex via afferent fibres mainly from the cra-
nial nerves IX and X, which run within the solitary tract.
From here on, swallowing cannot be influenced by vol-
untary control. It is ‘organized’ and controlled by the
medullary swallowing center, which consists of the nu-
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cleus tractus solitarii, the nucleus ambiguus and sur-
rounding parts of the formatio reticularis. Efferent path-
ways run within the cranial nerves V and VI, and, main-
ly, through the cranial nerves X and XII and their nuclei.
Nerves X and XII anastomose to form the plexus pha-
ryngeus. During passage of the bolus through the hy-
popharynx, the airways have to be sealed to avoid aspira-
tion. The entrance of the larynx is closed by axial com-
pression of its vestibule during elevation of the larynx
against the base of the tongue, while the glottis itself is
closed by the action of the external and internal laryngeal
musculature innervated by cranial nerve X.

The esophageal phase (phase 3) is also initiated by the
medullary swallowing center. Peristaltic contraction of
the striated musculature within the first centimeters of
the esophagus is innervated by ‘early motoneurons’ with-
in the nucleus ambiguus, while the activity of the more
distal smooth musculature is influenced by ‘late mo-
toneurons’ within the nucleus of the vagus nerve. Here,
peristaltic activity can also be induced by local disten-
sion, independent of the medullary center.

Cineradiography: Normal Appearance

During phase 1, the tongue collects a liquid bolus from
the floor of the mouth with a symmetrical movement. The
bolus is then contained within the oral cavity by the
closed portal formed by the soft palate and the pharyn-
gopalatine arch. Phase 2 is immediately initiated after
opening of the portal. The soft palate is pulled up and
backwards, until it comes into contact with the posterior
pharyngeal wall and completely seals the passage be-
tween epipharynx and mesopharynx. The tongue rolls
back and downwards over the elevated hyoid bone, initi-
ating propulsion of the bolus, which is assisted and com-
pleted by peristaltic contraction of the pharyngeal con-
strictor. This is best seen in the lateral projection as a
‘stripping wave’, which moves downwards along the pos-
terior pharyngeal wall. During passage of the entire bo-
lus, the posterior aspect of the pharyngoesophageal junc-
tion is smooth. However, a slight bulge of the posterior
wall amounting to less than one third of the sagittal di-
ameter of the lumen, caused by some residual contraction
of the pharyngoesophageal sphincter, is, especially in
older patients, still considered as normal. At the begin-
ning of phase 2, the larynx is elevated and compressed
under the base of the tongue. The laryngeal vestibule,
seen as an air-filled cavity before the beginning of phase
2, collapses completely. The epiglottis is tilted backwards
and downwards over the aditus laryngis. A small amount
of contrast agent may initially penetrate under the
epiglottis into the laryngeal vestibule. It will, however, be
completely ejected during further passage of the bolus.
The glottis is closed during phase 2.

In the resting state after a barium swallow, the pharynx
shows only a thin contrast coating of its walls. No resid-

ual material should be pooled in the valleculae or the
pyriform recesses. The aspect of the barium-coated phar-
ynx should be symmetrical in the a.-p. projection; both
pyriform recesses are at the same height and have a point-
ed lower aspect with an acute angle between the lateral
hypopharyngeal wall and the ‘floor’ of the hypopharynx.

Pathologic Phenomena

Apraxia is characterized by difficulty or inability to ini-
tialize the pharyngeal phase of swallowing. A bolus that
has been loaded on the back of the tongue is held there,
then released to the floor of the mouth, then gathered and
loaded again by the tongue etc., until the patient finally
‘decides’ to swallow. Phase 2 and 3 are usually normal.
Apraxia occurs with cortical (mainly precentral) lesions,
with psychogenic disorders (namely, anxious depression)
or after long-time gastric tube or parenteral feeding.

Impairments of phase I are usually due to impaired
motility of the tongue. Lesions of the cranial nerve XII or
its nucleus will lead to lax paralysis of the tongue, while
lesions of the corticobulbar tracts lead to symmetric,
spastic paralysis. Both types of lesions make gathering
and loading of the bolus onto the back of the tongue dif-
ficult or impossible. Often, the bolus will have to be pas-
sively ‘decanted’ into the pharynx by tilting the head
backwards. Parkinson’s disease causes rigor or ‘stiffness’
of the tongue. The bolus is gathered from the floor of the
mouth and swallowed in very small fractions (‘piecemeal
deglutition’). In patients with myasthenia gravis, tongue
motility decreases with repeated swallows. Due to re-
duced tonus of the muscles inserting into the hyoid bone,
the tongue sinks down into the floor of the mouth.
Impairment of pharyngeal motility can be unilateral or
symmetric, lax or spastic.

Unilateral impairment is usually due to bulbar or cranial
nerve lesions (X and XII), leading to lax paralysis. The
bolus will pass mainly through the intact side of the phar-
ynx, while the affected side passively bulges out. In the
resting state after a swallow, the pyriform recess of the af-
fected side contains a pool of residual material. Its floor
is at a lower level than its counterpart and forms a more
obtuse angle with the lateral pharyngeal wall. Bilateral,
symmetric impairment can be caused by pseudobulbar
palsy, by fibrous encasement (‘frozen neck’ after radio-
therapy) or by myopathies. The muscle tone in the resting
state is normal or increased. Bilateral laxity, with sagging
and residual contrast pooling of both pyriform recesses
develops after repeated swallows in patients with myas-
thenia gravis (‘fatigue phenomenon’). Nasal regurgita-
tion occurs mainly with myasthenia gravis. It is usually
possible to compensate for unilateral palsy of the velum
palatinum after lesions of cranial nerve XII. Aspiration
can occur in two forms, which are entirely different with
respect to their mechanism and their severity. Primary as-
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piration is due to a defective closure of the larynx during
swallowing. The first protective mechanism is closure of
the aditus laryngis by axial compression of the vestibu-
lum under the base of the tongue. This mechanism can be
impaired by palsy of the elevator muscles inserted into
the hyoid bone (nerves VII und IX), of the tongue itself
(nerve X), and by postoperative defects at the base of the
tongue and the supraglottic part of the larynx. If glottic
closure is still intact, only a small part of the bolus pen-
etrates into the laryngeal vestibule during deglutition and
is held there until reopening of the glottis after degluti-
tion, when it is aspirated into the trachea. The second and
last barrier against aspiration is closure of the glottis by
apposition of the true and false cords of the two sides. If
this mechanism fails, too, a part of the ingested bolus is
aspirated directly into the airways. This very serious and
life-threatening event can be produced by lesions of cra-
nial nerve X at or above the ganglion nodosum (above the
origin of the superior laryngeal nerve), by defects at the
glottis itself, or by severe sensory impairment preventing
the initiation of the swallowing reflex after penetration of
the bolus from the oral cavity into the pharynx.

In secondary aspiration, the laryngeal closure mecha-
nisms are intact. Aspiration occurs because of a spillover
of material retained in the pyriform recesses. The mater-
ial penetrates into the larynx, which reopens after the
pharyngeal phase of swallowing. This form of aspiration
can occur with any disease that causes severe impairment
in pharyngeal motility. The amount of aspirated material
is limited to the amount of material retained in the phar-
ynx. The risk of aspiration can be reduced by repeatedly
swallowing after ingestion of a bolus.

A systematic overview of the neuromuscular disor-
ders that may cause impairment in swallowing is given
in Table 1 and Fig. 1. Frequently, a specific diagnosis
has already been established before the patient is re-
ferred for cineradiographic examination of swallowing
difficulties. However, dysphagia or aspiration may be
the first or most prominent symptom of a neurologic or
muscular disorder. Here, the radiologist should not only
describe the pathologic phenomena he has observed, but
also give a differential diagnosis of the diseases that
could be responsible.

Dysfunctions of the pharyngoesophageal sphincter can
be classified into alterations of its resting tonus and im-
pairments of relaxation. Spasm (increased resting tonus)
can only be diagnosed by manometry, and not by radio-
logic methods, but only by. Chalasia (decreased or absent
resting tonus) is a phenomenon that has only been ob-
served in myotonic dystrophy or after myotomy of the
sphincter. In conjunction with esophageal motility disor-
ders, it can lead to reflux of esophageal and gastric con-
tents into the pharynx and cause secondary aspiration.
Incomplete relaxation (Achalasia), delayed opening and
premature closure of the sphincter can occur without an
evident underlying disease (idiopathic form) or sec-

ondary to a variety of diseases. An overview of the inci-
dence and etiology of sphincter dysfunctions is given in
Tables 2 and 3.

The only effective therapy for sphincter dysfunctions,
except those secondary to a curable underlying disease,
is myotomy of the sphincter. Here, cineradiographic ex-
amination serves not only to diagnose the dysfunction,
but also to establish indications for and contraindica-
tions against myotomy. A good result after surgery can
only be expected if pharyngeal propulsion of the bolus
is not severly impaired. In severe gastroesophageal re-
flux, myotomy is contraindicated as the pharyngoe-
sophageal sphincter is the last barrier against reflux in-
to the pharynx and aspiration of gastric contents.
Zenker'’s diverticula invariably have their origin within
Killian’s triangle, between the pharyngoesophageal
sphincter and the pharyngeal constrictor muscles. They
are very frequently associated with dysfunctions of the
sphincter, mostly with premature closure. Although the
transition from a mere dysfunction of the sphincter into
the formation of a diverticulum has not yet been demon-
strated in a patient, a causative role of impaired sphinc-
ter relaxation is very probable. Lateral diverticula of the
pharynx are very rare. Acquired diverticula can have
their origin in a weak point of the thyreohyoid mem-
brane or at the lateral wall of the pharyngoesophageal
segment, between the cricopharyngeal muscle and the
circular muscle fibers of the esophagus. Congenital di-
verticula are communicating branchiogenic cysts. Their
pharyngeal orifice is situated at the tonsillar fossa or the
vallecula (2nd branchial cleft remnants) or at the later-
al wall of the pyriform recessus (3rd and 4th branchial
cleft remnants).

Table 2. Incidence of impaired pharyngoesophageal sphincter re-
laxation in 600 patients with dysphagia

Total 110 (18%)
incomplete relaxation 40%
delayed relaxation 10%
dyscoordination <
premature contraction 30%
combined dysfunctions 20%

Table 3. Etiology of pharyngoesophageal sphincter dysfunction in
100 patients

idiopathic  45%
without Zenker’s
diverticulum 76%

secondary 55%

neurologic disease
myopathy reflux
disease downstream
obstruction
pharyngitis

associated with Zenker’s diverticulum 24%
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Introduction

This syllabus reviews the findings on esophagography for
a variety of esophageal diseases, including reflux
esophagitis, Barrett’s esophagus, other types of esophagi-
tis, benign and malignant esophageal tumors, varices,
lower esophageal rings, esophageal intramural pseudodi-
verticulosis, and esophageal motility disorders.

Reflux Esophagitis

Reflux esophagitis is by far the most common inflamma-
tory disease involving the esophagus. The single most
common sign of reflux esophagitis on double-contrast
esophagrams is a finely nodular or granular appearance
in the distal third of the esophagus, with poorly defined
radiolucencies that fade peripherally due to edema and
inflammation of the mucosa [1]. In other patients, barium
studies may reveal shallow ulcers and erosions in the dis-
tal esophagus contiguous with the gastroesophageal junc-
tion [2]. Reflux esophagitis may also be manifested by
thickened longitudinal folds due to edema and inflamma-
tion that extend into the submucosa. However, thickened
folds should be recognized as a nonspecific finding of
esophagitis. Other patients with reflux esophagitis may
have a single enlarged, chronically inflamed fold that
arises at the gastric cardia and extends into the distal
esophagus as a smooth protuberance, also known as an
inflammatory esophagogastric polyp [3]. These lesions
have no malignant potential, so endoscopy is not war-
ranted when barium studies reveal typical findings of an
inflammatory polyp in the distal esophagus.

Scarring from reflux esophagitis can lead to the develop-
ment of a reflux-induced stricture (i.e., ‘peptic’ stricture) in
the distal esophagus, almost always above a hiatal hernia.
Such strictures typically appear as smooth, tapered segments
of concentric narrowing, but asymmetric scarring can lead
to asymmetric narrowing with focal sacculation or balloon-
ing of the esophageal wall between areas of fibrosis. Other
peptic strictures may be manifested by short, ring-like areas
of narrowing that could be mistaken for Schatzki rings in pa-
tients with dysphagia [4]. Scarring from reflux esophagitis

can also lead to longitudinal shortening of the esophagus
and the development of fixed transverse folds, producing a
‘stepladder’ appearance due to pooling of barium between
the folds [5]. These folds should be differentiated from the
thin transverse striations (i.e., ‘feline’ esophagus) often seen
as a transient finding at fluoroscopy due to contraction of the
longitudinally oriented muscularis mucosae [6].

Barrett’s Esophagus

Barrett’s esophagus is a premalignant condition in which
there is progressive columnar metaplasia of the distal
esophagus due to chronic reflux and reflux esophagitis.
Barrett’s esophagus is thought to develop in about 10% of
all patients with reflux esophagitis. Double-contrast
esophagrams can be used to classify patients with reflux
symptoms at high, moderate, or low risk for Barrett’s
esophagus, based on specific radiologic criteria [7]. Patients
are classified at high risk when double-contrast esopha-
grams reveal a mid-esophageal stricture or ulcer, or a retic-
ular mucosal pattern (usually associated with a hiatal her-
nia and/or gastroesophageal reflux) [7]. In such cases, en-
doscopy and biopsy should be performed for a definitive di-
agnosis. Patients are classified at moderate risk for Barrett’s
esophagus when double-contrast studies reveal reflux
esophagitis or peptic strictures in the distal esophagus [7].
The decision for endoscopy in this group should be based
on the severity of symptoms, age, and overall health of the
patients. Finally, patients are classified at low risk for
Barrett’s esophagus when double-contrast studies reveal no
structural abnormalities. The majority of patients are found
to be in this category, and the prevalence of Barrett’s esoph-
agus is so low that they can be treated empirically for their
reflux symptoms, without need for endoscopy [7].

Infectious Esophagitis
Candida Esophagitis

Candida albicans is the most common cause of infec-
tious esophagitis. It usually occurs as an opportunistic in-
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fection in immunocompromised patients, particularly
AIDS patients. Only about 50% of patients with Candida
esophagitis are found to have thrush, so the absence of
oropharyngeal disease in no way excludes this diagnosis.
Candida esophagitis is usually manifested on double-
contrast studies by multiple discrete plaque-like lesions
that tend to be oriented longitudinally and are separated
by normal mucosa [8]. Double-contrast esophagrams have
a sensitivity of 90% in detecting Candida esophagitis [8],
primarily because of their ability to demonstrate these mu-
cosal plaques. During the past two decades, a much more
fulminant form of candidiasis has been encountered in pa-
tients with AIDS, who may present with a grossly irregu-
lar or ‘shaggy’ esophagus caused by innumerable coales-
cent pseudomembranes and plaques with trapping of bar-
ium between these lesions (Fig. 1) [9]. Other patients with
achalasia or scleroderma may develop a ‘foamy’ esopha-
gus with innumerable tiny bubbles layering out in the bar-
ium column; this phenomenon presumably results from
the yeast form of fungal infection [10]. When typical find-
ings of Candida esophagitis are encountered on double-
contrast esophagrams, these patients can be treated with
antifungal agents without the need for endoscopy.

Herpes Esophagitis

The herpes simplex virus type 1 is another common
cause of infectious esophagitis. Most affected patients are
immunocompromised, but herpes esophagitis may occa-
sionally develop as an acute, self-limited disease in oth-
erwise healthy individuals [11]. Viral infection initially
leads to the development of small vesicles that rupture to
form discrete, punched-out ulcers on the mucosa. As a re-
sult, herpes esophagitis may be manifested on double-
contrast studies by multiple superficial ulcers on a nor-
mal background mucosa (Fig. 2) [12]. In the appropriate

Fig. 1. Advanced Candida eso-
phagitis in a patient with AIDS.
Double-contrast esophagram shows
‘shaggy’ esophagus of fulminant
esophageal candidiasis due to innu-
merable plaques and pseudomem-
branes with trapping of barium be-
tween lesions

Fig. 2. Herpes esophagitis. Double-
contrast esophagram shows multi-
ple small, discrete ulcers with sur-
rounding mounds of edema (ar-
rows) in mid-esophagus

clinical setting, small, discrete ulcers without plaques
should be highly suggestive of herpes esophagitis, as ul-
ceration in candidiasis almost always occurs on a back-
ground of diffuse plaque formation. As the disease pro-
gresses, however, herpes esophagitis may be manifested
by a combination of ulcers and plaques, mimicking
Candida esophagitis [12].

Cytomegalovirus Esophagitis

Cytomegalovirus (CMV) is another cause of infectious
esophagitis that occurs in patients with AIDS. CMV
esophagitis may be manifested on double-contrast studies
by multiple small ulcers or, even more commonly, by one
or more giant, flat ulcers that are several centimeters or
more in length [13]. Herpetic ulcers rarely become this
large, so the presence of one or more giant ulcers should
suggest CMV esophagitis in patients with AIDS. However,
the differential diagnosis also includes giant human im-
munodeficiency virus (HIV) ulcers in the esophagus (see
next section). Because CMYV is treated with toxic antiviral
agents such as ganciclovir, endoscopy is required to con-
firm the presence of CMV before treating these patients.

Human Immunodeficiency Virus Esophagitis

HIV infection can lead to the development of giant
esophageal ulcers indistinguishable from those caused by
CMYV. Double-contrast esophagrams typically reveal one
or more giant ulcers surrounded by a radiolucent rim of
edema, sometimes associated with a cluster of small
satellite ulcers (Fig. 3) [14]. Occasionally, these individ-
uals may have associated palatal ulcers or a characteris-
tic rash on the upper body. The diagnosis is established
by obtaining endoscopic biopsy specimens, brushings, or
cultures to rule out CMV esophagitis as the cause of the
ulcers. Unlike CMV ulcers, HIV-related esophageal ul-
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Fig. 3. HIV ulcer in a patient with
AIDS. Double-contrast esopha-
gram shows large, flat ulcer in pro-
file (arrows) in distal esophagus.
Although CMV esophagitis could
produce identical findings, endo-
scopic brushings and biopsies re-
vealed no evidence of CMV

cers usually heal dramatically on treatment with oral
steroids [14]. Thus, endoscopy is required in HIV-positive
patients with giant esophageal ulcers to differentiate
esophagitis caused by HIV and CMYV, so appropriate ther-
apy can be instituted in these patients.

Drug-induced Esophagitis

Tetracycline and doxycycline are the two most common
causes of drug-induced esophagitis in the United States,
but other offending agents include potassium chloride,
quinidine, aspirin or other nonsteroidal antiinflammatory
drugs (NSAIDs), and alendronate sodium [15]. Affected
individuals typically ingest the medication with little or no
water immediately before going to bed. The capsules or
pills usually become lodged in the mid-esophagus where
it is compressed by the adjacent aortic arch or left main
bronchus. Prolonged contact of the esophageal mucosa
with these medications presumably causes an irritant con-
tact esophagitis. Affected individuals may present with se-
vere odynophagia, but marked clinical improvement usu-
ally occurs after withdrawal of the offending agent.

The radiographic findings depend on the offending
medication. Tetracycline and doxycycline are associated
with the development of small, shallow ulcers in the up-
per or mid-esophagus indistinguishable from those in her-
pes esophagitis [15]. These ulcers almost always heal
without scarring because of their superficial nature. In
contrast, potassium chloride, quinidine, NSAIDs, and al-
endronate sodium may cause more severe esophageal in-
jury, sometimes leading to the development of larger ul-
cers and strictures [15].

Idiopathic Eosinophilic Esophagitis

Idiopathic eosinophilic esophagitis (IEE) is a chronic
form of esophagitis characterized by an increased number
of intraepithelial eosinophils (more than 20 per high pow-
er field) on endoscopic biopsy specimens [16]. The etiol-

ogy is uncertain, but this condition most likely develops
as a result of an inflammatory response to ingested food
allergens. Most adults with IEE are young men with long-
standing dysphagia and recurrent food impactions [16].
They classically have an atopic history (e.g., asthma, al-
lergic rhinitis) and peripheral eosinophilia, but IEE fre-
quently occurs as an isolated condition [16]. Affected in-
dividuals are treated with topical steroids (swallowing me-
tered doses of aerosolized steroid preparations) and pro-
tein-free diets with varying degrees of success.

IEE may be manifested on esophagography by segmen-
tal strictures in the esophagus. The strictures often contain
distinctive ring-like indentations, resulting in a so-called
‘ringed’ esophagus [16]. Other patients with IEE may have
diffuse esophageal narrowing, resulting in a ‘small-cal-
iber’ esophagus [16]. A ringed esophagus has also been
described in congenital esophageal stenosis. Affected in-
dividuals may develop strictures with multiple concentric
rings indistinguishable from those in IEE (Fig. 4) [17].
Although congenital esophageal stenosis is usually not as-
sociated with an allergic history or peripheral eosinophil-
ia, this condition also occurs in young men with long-
standing dysphagia, and biopsies from the esophagus may
also reveal increased numbers of intra-epithelial
eosinophils [17]. Due to the similarities in the clinical, ra-
diographic, and pathologic findings of these conditions,
the symptoms of some of the patients with reported con-
genital esophageal stenosis may have been due to IEE.

Benign Tumors

Squamous papillomas are the most common benign mu-
cosal tumors in the esophagus, usually appearing on

Fig.4. Congenital esophageal steno-
sis. Double-contrast esophagram
shows mild narrowing of mid-
esophagus with distinctive ring-like
constrictions (arrows), most likely
due to cartilaginous rings in wall of
esophagus
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double-contrast esophagrams as small, sessile polyps
with a smooth or slightly lobulated contour. In contrast,
leiomyomas are the most common benign submucosal
tumors in the esophagus, appearing on esophagography
as intramural masses with the typical features of the
submucosal lesions found elsewhere in the gastroin-
testinal tract.

Fibrovascular polyps are rare, benign tumors consisting
of fibrovascular and adipose tissue covered by squamous
epithelium [18]. Fibrovascular polyps usually arise near
the cricopharyngeus, gradually elongating over a period of
years as they are dragged inferiorly by esophageal peri-
stalsis. Rarely, these patients may have a spectacular clin-
ical presentation with regurgitation of a fleshy mass into
the mouth or even asphyxia and sudden death if the re-
gurgitated polyp occludes the larynx [18]. Fibrovascular
polyps typically appear on barium studies as smooth, ex-
pansile, sausage-shaped masses in the esophagus (Fig. 5)
[18]. Polyps composed predominantly of adipose tissue
may appear as fat-density lesions on CT (Fig. 6a), where-
as polyps containing adipose and fibrovascular tissue may
have a more heterogeneous appearance with areas of fat
juxtaposed with areas of soft-tissue density (Fig. 6b) [18].

Esophageal Carcinoma

Double-contrast esophagography has a sensitivity of
greater than 95% for the detection of esophageal cancer
[19]. Early esophageal cancers are usually small, pro-
truded lesions less than 3.5 cm in size. These tumors may
be manifested on double-contrast studies by plaque-like
lesions, by sessile polyps with a smooth or slightly lobu-
lated contour, or by focal irregularity of the esophageal
wall [20]. Early adenocarcinomas may also be manifest-
ed by a localized area of wall flattening or irregularity

Fig. 5. Giant fibrovascu-
lar polyp. Double-con-
trast esophagram shows
long, smooth, expansile
mass extending from
proximal esophagus dis-
tally to near gastroe-
sophageal junction

Fig. 6. a Giant fibrovascular polyps on CT scan shows expansile
mass (arrow) of fat density in mid-esophagus. This finding is seen
when a polyp is composed predominantly of adipose tissue. b CT
scan in another patient shows expansile, heterogeneous mass (ar-
rows) in esophagus. This finding is seen when lesion contains adi-
pose and fibrovascular tissue

within a pre-existing peptic stricture [20]. Superficial
spreading carcinoma is another form of early esophageal
cancer characterized by poorly defined nodules or
plaques that merge with one another, producing a conflu-
ent area of disease [20].

Advanced esophageal carcinomas usually appear on
barium studies as infiltrating (Fig. 7), polypoid, ulcera-
tive (Fig. 8), or varicoid lesions that mimic the appear-
ance of varices due to submucosal spread of tumor [20].
Squamous cell carcinomas and adenocarcinomas of the
esophagus cannot be reliably differentiated on barium
studies. Nevertheless, squamous cell carcinomas tend to
involve the upper or mid-esophagus, whereas adenocarci-
nomas are located predominantly in the distal esophagus.
Unlike squamous carcinomas, adenocarcinomas also
have a marked tendency to invade the gastric cardia or
fundus, comprising as many as 50% of all malignant tu-
mors involving the gastroesophageal junction [20].
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Fig. 7. Adenocarcinoma arising
in Barrett’s esophagus. Double-
contrast esophagram shows ad-
vanced infiltrating carcinoma
(arrows) as an irregular area of
luminal narrowing with mucosal
nodularity and ulceration in dis-
tal esophagus above hiatal hernia

Fig.8. Squamous cell carcinoma of esoph-
agus. Double-contrast esophagram shows
polypoid mass (black arrows) with central
area of ulceration (white arrow) in mid-
esophagus

Other Malignant Tumors

Esophageal lymphoma may be manifested on barium
studies by submucosal masses, polypoid lesions, enlarged
folds, or strictures. Spindle cell carcinoma (formerly
known as carcinosarcoma) is another rare malignant tu-
mor characterized by bulky, polypoid intraluminal mass-
es that expand the lumen of the esophagus without caus-
ing obstruction. Other rare malignant tumors involving
the esophagus include leiomyosarcoma and malignant
melanoma.

Varices

Uphill varices are usually caused by portal hypertension
with hepatofugal flow through dilated esophageal col-
laterals to the superior vena cava. Uphill varices appear
on barium studies as serpentine longitudinal filling de-

fects in the distal thoracic esophagus. They are best seen
on mucosal relief views of the collapsed esophagus us-
ing a barium paste or high-density barium suspension.
In contrast, downhill varices are caused by superior ve-
na cava obstruction with downward flow via dilated
esophageal collaterals to the portal venous system. Most
patients with downhill varices present clinically with the
superior vena cava syndrome. Downbhill varices also ap-
pear as serpentine longitudinal filling defects, but these
varices are almost always confined to the upper or mid-
esophagus.

Lower Esophageal Rings

The term Schatzki ring is reserved for symptomatic pa-
tients with lower esophageal rings who present with in-
termittent dysphagia for solids, especially meat. The
rings appear on barium studies as smooth, symmetric
ring-like constrictions at the gastroesophageal junction,
almost always located above a hiatal hernia (Fig. 9a)
[21]. The rings can be missed if the distal esophagus is
not adequately distended at fluoroscopy (Fig. 9b), so it is
important to obtain prone views of the esophagus during
continuous drinking of a low-density barium suspension
[21]. Conversely, rings can also be missed if the hiatal
hernia is over-distended, resulting in overlap of the dis-
tal esophagus and hernia that obscures the ring [22].
Rings with a maximal luminal diameter of more than 20
mm rarely cause dysphagia, whereas rings with a maxi-
mal diameter of less than 13 mm almost always cause
dysphagia [23].

Fig. 9. Schatzki ring. a Prone, single-contrast esophagram shows
smooth, symmetric, ring-like constriction (white arrow) in distal
esophagus directly above hiatal hernia. b Ring is not seen on up-
right, double-contrast esophagram from same examination because
of inadequate distention of this region
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Esophageal Intramural Pseudodiverticulosis

Esophageal intramural pseudodiverticula consist of dilat-
ed excretory ducts of deep mucous glands in the esopha-
gus. The pseudodiverticula typically appear on esopha-
gography as flask-shaped outpouchings in rows parallel
to the long axis of the esophagus (Fig. 10) [24]. When
viewed en face on double-contrast esophagrams, the
pseudodiverticula can be mistaken for tiny ulcers. When
viewed in profile, however, they often appear to be ‘float-
ing’ outside the wall of the esophagus without apparent
communication with the lumen [24]. Barium studies of-
ten reveal an isolated cluster of pseudodiverticula in the
distal esophagus in the region of a peptic stricture, so
they presumably occur as a sequela of scarring from re-
flux esophagitis [24]. Less frequently, the pseudodiver-
ticula have a diffuse distribution and are associated with
high strictures, or they occur as an isolated finding [24].
When strictures are present, these patients may present
with dysphagia, but the pseudodiverticula themselves
rarely cause symptoms.

Esophageal Motility Disorders
Achalasia

Primary achalasia is an idiopathic condition, whereas
secondary achalasia is caused by other underlying condi-
tions, most commonly malignant tumors involving the
gastroesophageal junction (especially carcinoma of the
gastric cardia). Primary achalasia is characterized by ab-
sent primary peristalsis in the esophagus and incomplete
relaxation of the lower esophageal sphincter, manifested

Fig. 10. Esophageal intramural
pseudodiverticulosis. Double-
contrast esophagram shows mul-
tiple outpouchings in longitudi-
nal rows parallel to the long ax-
is of esophagus, which was oth-
erwise normal

on barium studies by tapered, beak-like narrowing of the
distal esophagus adjacent to the gastroesophageal junc-
tion. In advanced disease, the esophagus can become
massively dilated and tortuous distally (i.e., a ‘sigmoid’
esophagus).

Secondary achalasia is also characterized by absent
peristalsis in the esophagus and beak-like narrowing near
the gastroesophageal junction. In secondary achalasia
caused by a tumor at the gastroesophageal junction, how-
ever, the length of the narrowed segment is often greater
than that in primary achalasia because of spread of tumor
into the distal esophagus [25]. The narrowed segment
may also be asymmetric, nodular, or ulcerated because of
tumor infiltrating this region. In some cases, barium stud-
ies may reveal other signs of malignancy at the cardia
with distortion or obliteration of the normal cardiac
rosette [25]. The clinical history is also important, as pa-
tients with primary achalasia almost always have long-
standing dysphagia, whereas patients with secondary
achalasia are usually older individuals (over the age of
60) with recent onset of dysphagia (less than six months)
and weight loss [25].

Diffuse Esophageal Spasm

Symptomatic diffuse esophageal spasm (DES) may be
manifested on barium studies by intermittently weak-
ened or absent primary peristalsis with repetitive, lu-
men-obliterating nonperistaltic contractions, producing
a classic ‘cork-screw’ esophagus [26]. More commonly,
however, these patients have multiple nonperistaltic con-
tractions of mild to moderate severity without a cork-
screw appearance [26]. The majority of patients with
DES have also been found to have impaired opening of
the lower esophageal sphincter on barium studies, with
beak-like narrowing of the distal esophagus similar to
that seen in achalasia [26]. It should therefore be recog-
nized that DES is characterized radiographically by fre-
quent LES dysfunction with nonperistaltic contractions
of varying severity, rather than a classic corkscrew ap-
pearance.
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Introduction

The purpose of this workshop is to apply basic principles
of radiologic-pathologic correlation to the differential di-
agnosis of diseases of the stomach and duodenum. Tumors
and inflammatory or reactive processes will be empha-
sized and used as illustrative examples in the syllabus.

The stomach and duodenum are violent places, with hos-
tile pH levels and endocrine and exocrine glands with feed-
back loops that are in constant battle. The end result is that
both are prone to diseases of excess acid or alkali, or dis-
eases of diminished resistance to these caustics. In addition,
hormonal influences affect the structure and function of
stomach and duodenum; gastrin is the most famous hor-
mone associated with the stomach. In addition to stimulat-
ing gastric parietal cell acid production, gastrin also stimu-
lates all neuroendocrine glands of the alimentary tract to
some degree. Carcinoid glandular hyperplasia of the stom-
ach occurs with high persistent gastrin levels, as seen in
Zollinger Ellison Syndrome, atrophic gastritis, and with
acid suppression medications. Recent controversy has arisen
about the possible relationship of acid suppression therapy
with hyperplastic gastric polyps and atrophic gastritis.

‘Radiologic-pathologic correlation’ employs knowl-
edge of pathological processes (along with physiology
and anatomy) for the analysis of radiologic abnormalities
to enhance differential diagnosis [1, 2]. The dictionary
defines pathology as: ‘The study of the essential nature
of diseases and, especially, the structural and functional
changes produced by them.” In this sense, the radiologist
is truly a pathologist who sees the changes in vivo, when
there is still an opportunity to intervene.

It is common teaching practice to classify disease by
pathologic diagnoses. In practice, the patient seldom pre-
sents with a known diagnosis, but with non-specific com-
plaints. Diagnosis is suggested by analyzing morpholog-
ic changes seen radiologically. Incorporating knowledge
of pathology with clinical information should aid in the
formation of a rational differential diagnosis, while
avoiding rote memorization of exhaustive lists and
‘gamuts’. Pathologic correlation is especially useful in
the gastrointestinal (GI) tract where diagnosis depends

heavily on determining the layer of the bowel wall in-
volved, and on patterns of filling defects, strictures, fold
abnormalities and ulcers.

Normal Structure

A brief review of normal bowel structure may aid in the
appreciation of pathologic alterations. The bowel varies
in structure and function from region to region, but many
anatomic features are common throughout. The gut is a
stratified tube that is organized into four main layers: mu-
cosa, submucosa, muscularis and an outer adventitial
covering (Fig. 1, 2).

The mucosa, in turn, has three layers. The luminal lin-
ing of squamous or columnar epithelial cells provides a
protective surface involved in absorption and mucus pro-
duction. The lamina propria is a supportive layer of mes-
enchyme containing capillaries and nerves. A thin layer
of smooth muscle, the muscularis mucosae, separates the
mucosa from the submucosa. Lymphoid follicles tend to
lie near, or bridge across, the muscularis mucosae.

The submucosa is a layer of soft fibroconnective tissue
containing the main blood vessels, lymphatics and nerves
that supply the mucosa. The main muscular wall, the mus-
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Fig. 1. Diagram of an idealized cross-section of normal bowel
showing the major components found in the upper GI tract
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Fig. 2. Diagram showing representative features seen in photomi-
crographs of normal bowel. Relative proportions and details of ep-
ithelium vary with organ and location. (LF, lymphoid follicle; AP,
Auerbach’s autonomic myenteric nerve plexus; MP, Meissner’s
submucosal nerve plexus)

cularis propria, generally has an inner circular and outer
longitudinal layer. Auerbach’s autonomic nerve plexus,
which controls peristalsis, is located between the two lay-
ers. ‘Adventia’ is a general term for whatever surrounds
the gut. Much of the GI tract is surrounded by delicate fi-
brofatty mesenchyme supporting a continuous thin fi-
brous layer, the serosa. The esophagus and retroperitoneal
portions of the duodenum and colon lack a defined serosa.
The continuity of the adventia with surrounding tissue can
facilitate spread of inflammatory and neoplastic disease.

Morphology of Lesions

The radiographic morphology of lesions almost always
gives important clues about the pathologic diagnosis (Fig.
3, 4). Overgrowths of the luminal surface epithelium can
cause hyperplasias, adenomas, or carcinomas, depending
on the degree of histologic atypia. Epithelial polyps and tu-
mors tend to protrude into the lumen, have irregular sur-
face texture, form acute angles with the surrounding sur-
face, and usually do not displace the centerline of the gut
unless they become quite large. Benign lesions tend to
grow slowly, are often small, rounded and, if growing into
the lumen, have time to be drawn out onto stalks by peri-
staltic action. Aggressive lesions spread out and involve
adjacent structures. They are likely to be broad-based and
tethered to deeper mural structures. They become large
more rapidly and are more likely to outgrow their blood
supply and become necrotic. Non-uniform, multi-centric
growth tends to cause irregular contours and lobulation.

Fig.3. Drawings of classic effects of masses on bowel which are de-
termined by location of lesion: extrinsic (fop), submucosal (mid-
dle), and mucosal (bottom)

Fig.4. Drawings of strictures illustrating classic distinction between
smoothly tapered benign process on left and abrupt-edged, irregu-
lar-surfaced, malignant lesion on right

Any of the subepithelial mesenchymal tissues may lead
to benign or malignant overgrowths, the malignant forms
being termed sarcomas. Submucosal lesions also tend to
grow toward the lumen, being restrained by the firm, rub-
bery muscularis propria. The displaced mucosal surface
tends to be smooth with obtuse angles at the edges. Masses
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arising in the muscle wall (e.g., gastrointestinal stromal tu-
mors (GISTs), leiomyomas and leiomyosarcomas) may
grow either towards the lumen (endoenteric) or away from
it (exoenteric), or in a combination of patterns. Extrinsic
masses sometimes bulge into the lumen, but they typical-
ly have very obtuse angles at the margins and tend to dis-
place the lumen centerline earlier than intrinsic lesions.

Hamartomas are mixed arrangements of otherwise
normal tissues. They are generally benign and usually
contain both epithelial and mesenchymal elements.

Most strictures result from scarring or from cellular
infiltration. With scarring, the narrowing has smooth
margins, whereas with infiltration, the contour depends
on the nature of the process and its location within the
wall. Healing of many types of injury results in scarring
and stricture formation. Strictures from widespread in-
flammation, as in caustic ingestion or radiation, are like-
ly to be elongated. When the injury is old and the ep-
ithelium has healed, the luminal surface will be smooth
with tapering edges (Fig. 4).

Irregularity of the luminal surface of a stricture indi-
cates involvement of the epithelium. It may be caused ei-
ther by ulceration or a primary epithelial process such as
carcinoma, the infiltration of which produces the stric-
ture. Frequently the stricture is caused more by fibrous
reaction to the tumor cells than by the mass of neoplastic
cells per se. Mucin-producing adenocarcinoma is espe-
cially likely to exhibit this tendency. Benign strictures are
often long and smoothly tapered, whereas malignant
strictures tend to produce focal, relatively short, irregular
strictures with abrupt edges.

Strictures may be due to compression by extrinsic en-
circling masses. While uncommon in the stomach, annu-
lar pancreas provides a classic example in the duodenum
(Fig. 5) [3]. The mucosa and submucosa are unaffected
except for being smoothly stretched over the lesion, pro-
viding a smooth contour.

Dilatation in hollow peristaltic organs occurs either be-
cause of distal obstruction or because of intrinsic neural,
or muscular, abnormality. Excluding a mechanical ob-
struction, the most common cause of dilatation is ady-
namic ileus. The precise mechanism is often unclear. It
can result from local irritation, apparently involving the
autonomic nerve plexi in the bowel wall. Dilatation
caused by intrinsic structural changes in the bowel is rel-
atively uncommon. Achalasia is a classic prototype in
which deficiency of ganglion cells in Auerbach’s plexus
of the esophagus results in hypotonia and progressive di-
latation. Gastroparesis from diabetic neuropathy and
smooth muscle atony and atrophy in scleroderma (pro-
gressive systemic sclerosis) due to collagen vascular dis-
ease are other examples.

Thickening of the mucosal folds lining the gut is a com-
mon pattern, especially in the stomach and duodenum.
Inflammation is very common but the radiographic find-
ings, such as spasm and irritability, and fold irregularity and

Fig. 5. Annular pancreas causing smooth, concentric, compressive
narrowing of descending duodenum

thickening are often non-specific and difficult to distin-
guish from normal variation when relatively mild. Erosions
through the epithelium that do not breach the muscularis
mucosae, separating the mucosa from the submucosa, may
be detected with double contrast barium technique (Fig. 6).
Aphthous lesions suggest granulomatous disease, especial-
ly Crohn’s disease, but are not specific.

Hyperplasia of normal structures, or infiltration or de-
position of cells or foreign material may cause thickening.
Examples of diffuse epithelial overgrowth include
Menetrier disease in which gastric fundal folds are
markedly thickened by proliferation of the superficial mu-
cus-producing cells (Fig. 7). Zollinger-Ellison Syndrome is
another classic example in which an ectopic gastrin source
stimulates gastric acid production and marked hyperplasia
of parietal cells in the deep mucosal glands of the gastric
fundus. Excess fluid is found with both entities, but in-
flammation and ulcers due to excess acid are found only in
Zollinger-Ellison Syndrome. Both of these conditions are
classically distinguished from other inflammatory disease
in which fold thickening is usually more distal.

Ulcers are holes in the normal protective epithelial barri-
er lining the gut. They result in protrusions of contrast be-
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Fig. 6. Erosive gastritis. Air contrast barium upper GI study show-
ing contrast pooling in multiple shallow gastric erosions surround-
ed by lucent edema

yond the expected margin of the lumen of the organ. They
may be caused by noxious agents in the bowel lumen or
by insults such as mucosal ischemia or inflammation in
the mucosa itself. Infection with Helicobacter pylori is
now recognized as the etiology for most upper GI tract ul-
ceration. Once the surface is breached, the erosion can
extend more deeply. In a benign ulcer, the surrounding
epithelium remains relatively resistant and intact, al-
though inflamed. Destruction of the less resistant submu-
cosa undermines mucosa, which tends to overhang the
crater edge. The firm, rubbery muscularis mucosae is rel-
atively resistant and forms a temporary barrier. The re-
sulting flat-bottomed defect has narrow communication
with the lumen and a characteristic ‘collar button’ shape.
Surrounding mucosal folds extend all the way in to the
edge of the ulcer.

In contrast, adenocarcinoma typically produces a nodu-
lar, irregular epithelium. An ulcer in this surface has ir-
regular edges that tend to be eroded along with underly-
ing tissue without undermining. Erosion into an extensive
tumor mass produces an irregular, saucer-shaped hole
rather than a flat bottom. Ulceration into a submucosal tu-
mor such as a GIST or lymphoma nodule produces a vari-
ably shaped crater, but because the epithelium is not pri-
marily involved, its edge is often sharply defined.

Tumors are usually seen as combinations of filling de-
fects and strictures. Carcinoma is, by definition, an ep-
ithelial lesion. Its mucosal origin is generally reflected by
the presence of ulcers and luminal nodules. Its poor prog-
nosis can be explained, in part, by a propensity for sub-

Fig. 7. Menetrier disecase. CT
showing grossly enlarged gastric
folds in the fundus due to hyper-
plasia of secretory cells in the
superficial layers of the mucosa
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mucosal extension and for spread through the wall.
Benign hyperplastic and adenomatous tumors also arise
in the epithelium and this is reflected in their roentgen
appearance, often allowing their differentiation. Other tu-
mors arise in the submucosal mesenchyme. Many of
these are slow growing and benign. They present radi-
ographically as rounded intramural lesions with smooth
overlying mucosa. As such lesions become large, howev-
er, the epithelium may ulcerate.

The normal histologic components vary with the region
of the gut and so do their tendencies for pathologic
growth. One must know the local ‘track record’ for suc-
cessful prediction. For example, the stratified squamous
esophageal epithelium commonly transforms to squamous
cell carcinoma after long exposure to smoke and alcohol.
Flat, glandular, columnar epithelium frequently becomes
metaplastic, leading to adenocarcinoma at the esopha-
gogastric junction, but only rarely does so in the small
bowel. Solid mural tumors of the esophagus are likely to
be benign spindle-cell, stromal tumors, regardless of their
size. Similar lesions in the stomach are likely to be ma-
lignant, especially if larger than a few centimeters. Polyps
in the duodenum are likely to be hyperplasias of Brunner’s
glands or hamartomas including pancreatic tissue. Those
entities would be rare elsewhere and similar gross mor-
phology would prompt different considerations.

Malignant Gastric and Duodenal Tumors
Adenocarcinoma

Gastric carcinoma is decreasing in frequency in Western
counties and duodenal carcinoma is rare. By the time
they become markedly symptomatic, the tumors are often
advanced and beyond cure. The role of the radiologist at
that point is to locate and stage the tumor. However, ra-
diographic studies performed for other reasons provide
the potential for detection of asymptomatic early gastric
carcinoma.

Sometimes epithelial malignancies grow into the lumen
as a mainly cellular mass of tissue with little fibrosis.
Such a lesion is more often well-differentiated. Typically,
the surface is lobulated or ulcerated, as opposed to the
usually smooth surface of benign lesions (Fig. 8).

Mucin-producing tumors have a tendency to infiltrate
widely and incite a great deal fibrotic reaction. Fold
thickening may result, and often the wall is thickened and
appears stiff and constricted, producing the classic
‘leather bottle’ appearance. The lesion may extend around
the lumen in an annular manner (Fig. 9) [4, 5].

Other Malignancies

Lymphoma is a mesenchymal process, but has many
possible appearances. Typically lesions are lobulated. The
mucosa may be intact until late, but ulceration into the
soft, cellular tumors is often extensive.
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Fig.8. Multilobulated polypoid gastric adenocarcinoma growing in-
to the lumen

Fig. 9. Infiltrating schirrous gastric carcinoma causing marked
thickening and stiffening of the stomach and constricting the lu-
men. a Single contrast barium upper GI. b CT of same case
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Metastases are frequently multiple but can have many
appearances, depending upon the primary tumor and
whether the lesions are submucosal or serosal. Metasta-
sized breast cancer, in particular, has a tendency to re-
semble sclerosing mucin-producing adenocarcinoma.
Kaposi sarcoma, a soft biphasic mixture of vascular and
stromal tissue, tends to form rounded subepithelial nod-
ules in the stomach of HIV positive patients.

Benign Tumors

The incidence of benign tumors is difficult to define
since, if they are small or produce little effect on the lu-
men, they are often asymptomatic and escape attention.
They are relatively common among clinically evident tu-
mors, but the absolute incidence is probably much high-
er and probably exceeds that of malignancy [6].
Epithelial hyperplasias and adenomas may form sessile
or pedunculated nodules. Adenomas are neoplastic, usual-
ly polypoid, excrescences due to proliferation of dysplas-
tic epithelial cells. Excluding polyposis syndromes, they
are usually solitary and are uncommon in the duodenum.
Villous tumors imply more severe dysplasia, with
more aggressive growth. The lesions tend to be more ses-
sile, larger, and have more irregular surface texture.

Barium trapped in the interstices of the villous surface
gives a striated, reticulated, or ‘soap bubbly’ appearance
(Fig. 10). In the duodenum they are usually found near
the papilla and frequently harbor foci of carcinoma, es-
pecially if large [7, 8]. It is tempting to speculate that the
dysplasia results from the irritating effect of bile or pan-
creatic secretions.

Mesenchymal tumors arise in the deeper layers. Thus,
initially, their overlying epithelial layer of the mucosa is
intact. The smooth luminal surface provides a convenient
means of predicting the nature of such tumors (Fig. 11).
Other aspects of appearance depend upon the consisten-
cy of the tumor tissue and its site of origin within the
wall. Virtually any type of mesenchymal cell in the bow-
el wall may occasionally give rise to neoplastic or hamar-
tomatous tumors, but only a very few occur frequently
enough to warrant serious consideration.

Spindle Cell/Stromal Tumors

Gastrointestinal stromal tumors (GISTs) and leiomy-
omas are by far the most common benign mesenchymal
tumors of the GI tract [9]. Leiomyomas are thought to
usually arise from the smooth muscle of the wall. GISTs
are now considered to arise from the interstitial cells of

¢ CT of same case

Fig. 10. Villous adenoma in proximal duodenum containing foci of adenocarcinoma. a, b
Barium upper GI showing filling defect in lumen (arrows, a; arrowheads indicate tumor
in duodenum). Irregular texture correlates with fronds of dysplastic surface epithelium.
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Fig. 11. Submucosal, benign, spindle cell tumor of the gastric
antrum protruding into the lumen with a very smooth covering sur-
face of stretched, but otherwise intact, surface epithelium

Cajal, which are stem cells similar to the pacemaker
cells of the bowel wall. They are characterized by ex-
pression of a tyrosine kinase growth factor receptor, KIT
(CD117). The pathologic criteria for malignancy in both
smooth muscle cell tumors and GISTs are somewhat ar-
bitrary. They depend upon averaging the number of mi-
totic figures in multiple high power microscopic fields
and assessing cellularity and pleomorphism [10, 11].
The tumors tend to grow slowly. Although often small
and difficult to detect, occasionally such tumors may be-
come huge.

Malignancy in stromal tumors correlates well with size,
except in the esophagus where the vast majority are be-
nign, even when very large. Stromal tumors tend to grow
as firm, rubbery, rounded masses of compact intertwined
bundles of spindle cells. The tumors have no true capsules
but are usually easily shelled out from surrounding com-
pressed tissue. Their roentgen appearance depends upon
their site of origin, size and direction of growth.

Tumors arising in the outer layers of the wall tend to
grow outward into the surrounding tissue. If small, they
cause no symptoms and the majority are probably never
detected. When larger, they may appear as extrinsic
masses. Lesions arising on the inner aspect of the muscle
wall or muscularis mucosae more easily displace the pli-
able submucosa and mucosa than the firmer muscle wall.
Thus they grow toward the lumen and tend to cause
symptoms relatively early. Ordinarily the epithelium is
stretched smoothly over such submucosal masses, often
with obtuse angles at the periphery. If such lesions be-
come large enough, however, they may protrude into the
lumen and develop short pedicles. In that case the mu-
cosa will be tucked around the lesion with acute angles at
the borders, a limitation of the so-called ‘sulcus sign’
sometimes used to distinguish mucosal from submucosal
or extrinsic lesions. While the covering mucosa is initial-
ly intact, the protruding submucosal mass exposes it to
trauma from luminal contents and may compromise its

blood supply. Superficial ulceration, thus, is an expected
complication of any such lesion and may be its mode of
presentation. Vascularity within GISTs and smooth mus-
cle lesions is variable, often being rather sparse.
Frequently, however, there are prominent arteries in the
superficial layers of such tumors and these can be the
source of sudden, dramatic hemorrhage when eroded by
ulcers. Such behavior is well known with gastric GISTs
where the luminal acid is ulcerogenic and where the le-
sions can become larger without luminal compromise.

GISTs are usually solitary, but may also be multiple in
a small number of cases. Calcification is rare in GI tract
leiomyomas, as opposed to the situation in the uterus.
When it occasionally occurs, it can be a useful radi-
ographic clue to the diagnosis.

Lipoma

Lipomas are rare, uniformly benign, localized prolifera-
tions of submucosal fat. Like leiomyomas, they grow by
slow compression of surrounding tissue and usually no
true capsule can be defined. Their soft texture and sub-
mucosal origin dictate that the tumors grow almost en-
tirely into the lumen with relatively little effect on the
muscle wall. As they become large they may form pe-
dunculated, intraluminal, polypoid masses and may
cause intussusception. The overlying mucosa is initially
intact but may eventually breakdown and ulceration is
one means of presentation. Their low X-ray attenuation
allows a confident diagnosis on computed tomography
(CT) (Fig. 12).

The Duodenum

The duodenum, although subject to the above generali-
ties, is one of the most unique and dynamic parts of the
body [12-16]. It has both intra- and retro-peritoneal por-
tions. Being centrally located in the abdomen, it is often
affected by diseases in neighboring organs. It is a battle-
ground of acids and alkalis relating to drainage from
three of the body’s major sources of digestive chemicals:
the liver via the biliary tree; the pancreas, draining alka-
line secretions and powerful enzymes through the major
and minor papillae; and the stomach, producing caustic
acids. It has a complex embryology involving develop-
ment of adjacent organs and numerous anomalies. As a
consequence of location, embryology, histology, sur-
rounding structures and the adjacent organs draining into
it, the pathology of the duodenum differs from that of
other alimentary tract organs. Inch for inch and ounce for
ounce, more distinct pathologies occur here than in any
other abdominal organ.

Developmental phenomena give rise to annular pan-
creas, webs and choledochoceles, and account for ectopias.
Anatomy dictates patterns of obstruction and spread of dis-
ease from adjacent organs, as well as patterns of rupture
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Fig. 12. Lipoma in the duodenal bulb. a Smooth filling defect dis-
placing contrast in bulb on barium upper GI study. b CT in same
case showing smooth, intraluminal mass in duodenal bulb with
very low attenuation measured in the rectangular area of interest

and hematoma formation in blunt trauma. Exposure to gas-
tric acid leads to ulcers and hyperplasias. Influx of bile and
pancreatic juice is thought to determine some types and
sites of mucosal neoplasia. The examples presented here
will stress radiologic-pathologic correlation.
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Introduction

The mesenteric small intestine is a difficult organ to ex-
amine. Long-term experience has shown that there are no
shortcuts to achieving a reliable examination, and sever-
al parameters need to be respected if a confident diagno-
sis is to be made. These include: selection of patients,
closely supervised studies, background data, image qual-
ity, familiarity with imaging findings and utilization of
radiologic-pathologic correlations.

Thoughtful selection of patients by clinicians is essen-
tial to make radiologic examination cost-effective. Closed
supervised studies, incorporating an adequate index of
clinical suspicion, co-operation between a focused radi-
ologist and a keen physician, expertise, and time are im-
portant. Familiarity with imaging findings and image
quality, are necessary to guarantee demonstration of fine
surface mucosal detail and transitional morphological
changes. Applying the principles of radiologic-pathologic
correlation to the interpretation of radiological findings
offers a certain advantage and in association with the
background data available, including localization and
distribution of changes, extent of involvement, the soli-
tary or multiple nature of the lesions present and the clin-
ical history, enable a confident differential diagnosis.

Based on its long-term follow-up results and its high
negative predictive value, enteroclysis has been shown as
a most reliable screening examination for the assessment
of possible small bowel disease.

Enteroclysis combined with computed tomography
(CT) offers the advantages of both techniques. Distention
of small bowel lumen and cross-sectional display are
proven imaging qualities gained with CT enteroclysis.
Available prospective data suggest that the technique is
advisable in patients with obstructive symptoms, in pa-
tients with known or suspected malignancy and when as-
sessing complications of small bowel Crohn’s disease.

Magnetic resonance enteroclysis (MRE), a combined
functional and morphological imaging method, has only
recently been performed routinely in clinical practice
with adequate image quality and sufficient small bowel
distention (Fig. 1). Thus far, results have shown that the

Fig. 1. Coronal true FISP section demonstrating small bowel at its
entire length. The use of an iso-osmotic water solution as an intra-
luminal contrast agent resulted in homogeneous opacification of
the bowel lumen. Note the increased conspicuity of the normal
bowel wall due to the high resolution capabilities and total absence
of motion

functional information provided by MRE equals that of
enteroclysis alone, whereas the inherent advantages of
an MR imaging approach over enteroclysis include de-
tection of extra-luminal pathologic conditions, and de-
tailed morphological evaluation of the bowel wall, as
well as of the entire abdomen. Moreover, MRE has a dis-
tinct advantage over the currently available CT entero-
clysis technique, due to its ability to provide real-time
functional information.

Clinical entities that may require radiological investi-
gation of the small intestine most frequently include
Crohn’s disease, small bowel neoplasms and Meckel’s di-
verticulum.
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Crohn’s Disease

The most characteristic features of Crohn’s disease of the
small intestine are the variety of its radiological appear-
ances and the multiplicity of radiological features often
present in the majority of patients. Categorization of
these radiological features has been defined in terms of
stenotic and non-stenotic forms, active and chronic, ear-
ly and late or advanced, or into superficial, transmural
and extramural changes.

Most information on the sequence of progression of the
pathological lesions in Crohn’s disease is derived from ra-
diological descriptions. The early lesions of Crohn’s dis-
ease are: blunting, flattening, thickening, distortion and
straightening of the valvulae conniventes. These changes
are followed by discrete ulcers and by longitudinal and
transverse ulcers. The stenotic phase eventually develops
and the involved segment is transformed into a rigid, cast-
like tube; fistulae may be seen at this stage. Deep ulcers
precede sinuses and fistulae to other organs.

Discrete ulcers are seen as small collections of barium
with surrounding radiolucent margins. Fissure ulcers are
seen in profile and may penetrate deep into the thickened
intestinal wall; small abscess cavities are occasionally
seen at the base of deep fissure ulcers. Longitudinal ul-
cers running along the mesenteric border of the ileum are
a characteristic feature of Crohn’s disease, although they
are only occasionally present. Cobblestoning is caused
mostly by a combination of longitudinal and traverse ul-
ceration. Discontinuous involvement of the intestinal wall
shows either as skip lesions or asymmetry. Asymmetrical
involvement of the intestinal wall produces the character-
istic ‘pseudodiverticulae’ appearance. The pseudodiver-
ticulae represent small patches of normal intestine in an
otherwise severely involved segment. The involved seg-
ment contracts and the normal areas become pseudodi-
verticula. Inflammatory polyps (pseudopolyps) are occa-
sionally seen in Crohn’s disease and are seen as small dis-
crete filling defects in a severely involved segment.

Cross-sectional imaging modalities offer an important
complementary diagnostic perspective in patients with
Crohn’s disease, due to their ability to directly image the
intestinal wall and surrounding mesentery and therefore
to determine the extramucosal extent and spread of the
disease process.

CT is being performed with increasing frequency and
has been shown to be extremely valuable in documenting
mesenteric disease, including fibrofatty proliferation, ab-
scess or phlegmon formation, microadenopathy and in
adequately evaluating perirectal and/or perianal extension
of Crohn’s disease. It has also been suggested that CT is
the most sensitive means of demonstrating an enterovesi-
cal fistula. In addition, the ability of CT to simultane-
ously evaluate extraintestinal organs may allow the de-
tection of concurrent hepatobilliary, urinary or muscu-
loskeletal complications, that may well lead to significant
changes in the management of the individual patient.

MRE is emerging as a valuable technique for the
evaluation of small bowel in patients with Crohn’s dis-
ease. Administration of 1.5-2 liters of iso-osmotic water
solution through a nasojejunal catheter ensures bowel
distention and facilitates identification of bowel wall
abnormalities. True fast imaging steady-state free pre-
cession (FISP), half-acquisition Fourier-transformed
single shot turbo spin echo (HASTE) and post-gadolin-
ium T1-weighted 3D FLASH sequences can be em-
ployed in a comprehensive and integrated MRE exami-
nation protocol. The characteristic transmural lesions of
Crohn’s disease, such as bowel wall thickening, linear
and fissure ulcers, and cobblestoning are accurately de-
picted by MRE, especially when using true FISP se-
quence (Fig. 2, 3). MRE is of equal value with conven-
tional enteroclysis in assessing the number and extent of
involved small bowel segments and in disclosing lumen
narrowing and/or prestenotic dilatation. MRE has a
clear advantage over conventional enteroclysis in
demonstrating extramural manifestations and/or com-
plications of Crohn’s disease, including fibrofatty pro-
liferation, mesenteric lymphadenopathy, sinus tracts and
fistulae or abscesses. Disease activity may be accurate-
ly appreciated by contrast-enhanced 3D FLASH images,
by gadolinium uptake in the wall of the involved seg-

Fig. 2. A 23-year-old female patient with active Crohn’s disease
(CDAI = 196). Coronal true FISP spot view demonstrates a distal
ileum transmural involvement with a fissure ulcer (arrow).
Increased mesenteric vascularity and fibrofatty proliferation is al-
so noted
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Fig. 3. Coronal true FISP spot view in a patient with Crohn’s dis-
ease. Extensive wall thickening is demonstrated (white arrow) in
an ileal loop, while cobblestoning is depicted as patchy areas of
high signal intensity, sharply demarcated, along an adjacent affect-
ed segment (arrows)

ment (Fig. 4), while increased mesenteric vascularity is
easily depicted on true FISP and 3D FLASH images.
The clinical utility of MRE in Crohn’s disease has not
been widely established. At present, the method may be

suggested as a complementary diagnostic tool with ad-
vancing perspectives.

Neoplasms

Small intestinal neoplasms are surprisingly and univer-
sally rare. Documented rarity, further complicated by
non-specific clinical presentation and a small index of
clinical suspicion make their detection a challenge for
both the physician and the radiologist. A mean symp-
toms-diagnosis interval up to three years for benign tu-
mors and two years for malignant neoplasms has been re-
ported. Inadequate radiologic examination or incorrect
interpretation of radiological findings is estimated to ac-
count for an average of twelve months delay in diagnos-
ing primary malignancies of the small intestine.
Radiological appearances of these neoplasms, however,
shown with enteroclysis and CT or MR imaging corre-
lates almost perfectly with the morphological changes
recognized in the gross pathology specimens. This abili-
ty to accurately image small intestinal neoplasms, inde-
pendently of their size, anatomic localization and growth
tendency, represents a major improvement in their diag-
nosis and management.

Adenocarcinoma

Adenocarcinoma appears to be the most common malig-
nant neoplasm of the small intestine. It is a solitary lesion
mostly located in the proximal small intestine. It is al-

Fig.4. Coronal FLASH image with fat saturation acquired 75 seconds after intravenous injection of gadolinium. Iso-osmotic water solution
renders the lumen with low signal intensity, while normal intestinal wall presents with high signal intensity (/eff). In case of a hyperemic
lesion (right), local increased gadolinium uptake generates this light bulb appearance
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most always symptomatic, with non-specific clinical pre-
sentation and a dismal prognosis, mainly due to a late di-
agnosis. Its appearances on enteroclysis reflect its pattern
of growth and include annular constricting lesions, filling
defects, polypoid and/or ulcerated masses, or a combina-
tion of the above. Infiltrative adenocarcinomas are the
most common type. Adenocarcinoma appears on CT as a
solitary, focal, sharply outlined mass, causing thickening
of the intestinal wall and narrowing of its lumen. The tu-
mor may be homogeneous or heterogeneous when ulcer-
ated and shows moderate contrast enhancement.
Infiltration of the mesentery is seen with advanced dis-
ease, whereas associated lymphadenopathy is found in al-
most 50% of patients at presentation. Predominantly ul-
cerated adenocarcinomas may simulate lymphomas, ma-
lignant gastorintestinal stromal tumors (GISTs) or
metastatic melanomas, whereas annular-type lesions will
need to be differentiated from secondary adenocarcino-
ma, carcinoid, tuberculosis or Crohn’s disease.

Lymphoma

Lymphoma represents 20% of primary small intestinal
malignancies. Clinical presentation is variable, depend-
ing on whether involvement is primary or secondary, or
whether it is preceded by other disorders, such as adult
celiac disease, immunoproliferative disease or immun-
odeficiency syndromes. Radiological appearances mir-
ror the pattern of growth. Enteroclysis can define a wide
spectrum of features, including luminal narrowing with
mucosal destruction, multiple intra-luminal polypoid
filling defects, broad-based ulceration, aneurysmal di-
latation, a large excavated mass and fistula formation.
Infiltrative lymphomas may cause thickening of the in-
testinal wall without eliciting a desmoplastic reaction. A
combination of different signs is rather frequent and
multi-centricity of involvement is seen in almost one
fourth of patients. CT appearances of intestinal lym-
phoma are also variable and may be categorized as
aneurysmal, nodular, ulcerative and constrictive, while
mesenteric involvement will usually feature as a con-
glomerate mass of mesenteric/retroperitoneal tissue, or a
‘Sandwich-like’ complex, due to encasement of vessels
from enlarged mesenteric lymph nodes. Radiologic dif-
ferential diagnosis include adenocarcinoma, Crohn’s dis-
ease, and, less often, malignant GIST and metastatic
melanoma.

Carcinoid

Carcinoid tumor is the most common neoplasm of the
small intestine found at autopsy or incidentally during la-
parotomy. Almost 90% of lesions are located in the distal
ileum, they may be multiple in approximately one third of
cases, while coexistence with other primary malignancies
is estimated to occur in another third of cases. The radio-

logical findings mirror the stage that the pathological
process has reached at the time of examination. Primary
ileal carcinoids usually feature as solitary, round, sharply-
demarcated intramural filling defects. Luminal narrowing,
usually asymmetrical, is present less often, whereas in-
testinal obstruction or intussusception is uncommon.
Submucosal extension of the tumor will result in thicken-
ing of the valvulae conniventes and intestinal wall thick-
ening. In the presence of extensive mesenteric fibrosis, dif-
fuse luminal narrowing, fixation, angulation or kinking of
intestinal loop(s) are also demonstrated. Carcinoid tumors
are best recognized on CT on the basis of mesenteric find-
ings. These include a discrete, uniform, soft tissue mass
occasionally associated with linear soft tissue strands radi-
ating into the surrounding mesentery in a stellate pattern,
while displacing adjacent intestinal loops. Segmental in-
testinal wall thickening, ascites, hypervascular liver metas-
tases, that are usually hypodense on precontrast scans, and
occasionally dystrophic calcification in metastatic nodes
or in liver metastases, may be also encountered.

Gastrointestinal Stromal Tumors (GISTs)

Histologically, GISTs are typically spindle cell tumors
that have a prominent, nerve sheath tumor-like nuclear
palisading pattern. Other GISTs may show prominent
perinuclear vacuoles. GISTs may also have an epithelioid
appearance, containing cells with round nuclei and abun-
dant cytoplasm. It is now believed that GISTs are derived
from the intestinal cells of Cajal. Recent application of
immunohistochemical studies has revealed strong and
uniform expression of the KIT (CD117, stem cell factor
receptor) protein and CD34 in GISTs. This offers the pos-
sibility to accurately diagnose these tumors and separate
them from other mesenchymal tumors of GI tract.
Benign GIST is the most common symptomatic be-
nign neoplasm. Its type of growth is reflected in its radi-
ological appearances. A broad-based, round or semi-lunar
filling defect is usually seen with intraluminal tumors,
while a mass effect on neighboring loops is seen with ex-
traluminal benign GISTs. Dumb-bell type tumors com-
bine features of both. Deformity of the intestinal wall,
mucosal ulceration and signs of intussusception may al-
so be seen. Despite their distinctive tendency to bleed, ul-
ceration is rather infrequently demonstrated in intestinal
benign GISTs, on enteroclysis. When seen, ulcerations
are usually single, small, well-defined and round or lin-
ear in shape. Intussusception may be an additional feature
of a benign GIST, easily depicted by either CT or entero-
clysis. Besides enteroclysis, CT may contribute to the
preoperative diagnosis of such neoplasms, by detecting
unsuspected pathology and localizing it within the small
bowel, or additionally characterizing pathology detected
on barium studies. On CT, benign GISTs usually present
as round, smoothly-outlined, homogeneous soft tissue
masses, associated with the intestinal wall, while show-
ing marked contrast enhancement. When large, such le-
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sions may displace or deform adjacent small bowel loops.

Malignant GISTs grow slowly, predominantly extra-
luminally and eccentrically, and are prone to develop de-
generative changes such as necrosis, hemorrhage, calci-
fication, fistula or secondary infection. Determination of
the malignant potential of GISTs is based on factors such
as location, tumor size, degree of cellularity and pleo-
morphism, and presence or absence of necrosis. Small in-
testinal GISTs sized less than 5 cm are usually benign, re-
gardless of their cellularity. However, GISTs greater than
10 cm in size and/or with mitotic counts greater than 5/50
high power field usually behave in a malignant fashion.
Such tumors have a high risk for liver metastases and/or
diffuse intra-abdominal spread. Bone and lung metas-
tases are rare.

The radiologic appearances of malignant GISTs are
fairly characteristic. On barium studies the main feature
is frequently a large, extrinsic, non-obstructing mass dis-
placing or distorting adjacent barium-filled loops of in-
testine. This may be associated with ulceration, cavitation
or fistula formation. Less often, a GIST may appear as a
large cavity filled with barium and it may be difficult to
identify the connection between the small intestine and
the cavity.

A CT scan may add considerably to the pre-operative
evaluation of these tumors. CT can accurately demon-
strate the size, shape and extent of the lesion, uniformity
of densities and enhancing patterns, and it can depict the
presence of liver, peritoneal or other metastases. CT is
useful in the differentiation from other malignant tumors
that often have a predominantly submucosal location
and/or appear largely excavated, such as lymphoma or
metastatic melanoma. The main differential diagnosis of
malignant GISTs, however, includes their benign coun-
terparts, benign smooth muscle or neurogenic tumors. CT
criteria favoring malignancy include an irregular, lobu-
lated, large-sized mass, heterogeneous tissue density, cen-
tral liquefactive necrosis, seen as water density with or
without air fluid level, ulceration or fistula formation.
Liver metastases from malignant GISTs are large, necrot-
ic or cystic in nature with peripheral or ‘rim’ enhance-
ment, whereas peritoneal metastases may appear as wide-
ly distributed, multiple, round, smoothly-outlined, homo-
geneous satellite masses.

The signal intensity on MRI suggests that GISTs usu-
ally have no fibrotic component, and that the inner por-
tion of these tumors does not usually contain blood prod-
ucts. Their signal intensity on MRI has been reported to
be hyperintense compared to fat on T1-weighted image.
They also show intense enhancement after gadolinium-
chelate injection (Fig. 5).

GISTs are distinctive compared to other malignant
small intestinal neoplasms as they have a greater tenden-
cy to grow extra-luminally, to develop large ulcers and
therefore to bleed, and attain a large size without ob-
struction. They do not normally metastasize to the re-
gional lymph node and they have a larger survival rate,
even despite metastases.

Fig.5. MR enteroclysis showing jejunal intussusception due to a be-
nign GIST tumor. A round well-circumscribed mass of intermedi-
ate signal intensity is shown in a coronal true FISP image (a). Post
gadolinium coronal 3D FLASH image (b) demonstrates marked
homogeneous enhancement of both the tumor mass and the viable
intestinal wall

Meckel’s Diverticulum

Meckel’s diverticulum is the most common congenital
anomaly of the small intestine, occurring in 1-3% of the
population. It is mostly asymptomatic. One of the most
common complications is lower gastrointestinal bleeding,
which may be acute, life-threatening, chronic or intermit-
tent, and is mostly due to ectopic gastric mucosa and pep-
tic ulceration. Ectopic gastric mucosa is found in 15-20%
of cases, in almost 90% of those who present with bleed-
ing of the pediatric age group, but in only 7% of similar
cases in adults.

Pre-operative radiological diagnosis of Meckel’s diver-
ticulum ranges from difficult to very difficult.
Radionuclide imaging, the Meckel’s scan, based on the
affinity of the isotope technetium-99m pertechnetate for
functioning ectopic gastric mucosa, has long been con-
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sidered a most sensitive study. However, sensitivity varies
with technique and age, and it is estimated to be around
60% for adults. False positive results do occur, at a dis-
turbing frequency, in a number of conditions, whereas
false negative results usually occur with symptomatic di-
verticula without ectopic gastric mucosa or acutely hem-
orrhaging diverticula.

Enteroclysis has been also suggested as a most reliable
imaging technique for the pre-operative diagnosis of a
Meckel’s diverticulum. It usually shows a blindly ending
sac of variable size, arising from the antimesenteric bor-
der of ileum. Additional characteristic findings include a
gastric rugal pattern or a triangular fold pattern, at the
base of the diverticulum. Careful fluoroscopy with com-
pression is essential.

However, unsuccessful demonstration of a Meckel’s di-
verticulum on enteroclysis despite a detailed examination
is not unusual. The reasons for this include stenosis of the
ostium, filling with intestinal contents, rapid emptying, or
small size. CT has been reported to be of value in Meckel’s
diverticulitis and infracted Meckel’s diverticulum.

Selective angiography is a well-established method for
both non-hemorrhaging-negative scintigraphic, and for
massively bleeding, diverticula. Extravasation of contrast
into the bowel lumen is an expected angiographic finding
in a patient with active bleeding. Very recently the impor-
tance of visualization and identification of the vitelline
artery for the diagnosis of a Meckel’s diverticulum itself,
with or without active hemorrhage, has again been stressed.

Characteristic angiographic findings of selective or su-
perselective catheterization will include: a) an abnormal

elongated vessel, originating from the ileal artery, with-
out anastomotic branches to the ileal artery branches; and
b) a group of dilated tortuous vessels at the distal portion
of this artery, without branches.
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Introduction

Technologic advances have made small bowel imaging a
rapidly changing field and a challenge to radiology.
Radiological investigations dominated small bowel imag-
ing for all of the last century until the advent of wireless
capsule endoscopy (WCE) [1]. Although traditionally the
simplicity, availability and low cost of small bowel follow
through (SBFT) made it the most commonly performed
examination, barium enteroclysis has been shown to have
overall higher accuracy and reliability. However, this is at
the expense of increased invasiveness and decreased pa-
tient tolerance without the use of conscious sedation [2,
3]. The disadvantage of all barium small bowel examina-
tions is their inability to provide any extraluminal infor-
mation that may have important clinical implications for
patients with diseases of the small bowel. Much of the di-
agnostic information from barium studies was derived
from the indirect mucosal and mural changes produced by
lesions within or outside the lumen, allowing for substan-
tial intra- and interobserver variation and difficulty in in-
terpreting equivocal or even overt findings. This has be-
come particularly apparent with the increased use of con-
trast-enhanced computed tomography (CT) studies [4-6].
A comparison of barium enteroclysis and abdominal CT
done on the same patients with small bowel Crohn’s dis-
ease has demonstrated a much higher success of CT in re-
vealing mural and extraluminal manifestations of disease,
including abscesses, while enteroclysis was superior for
luminal abnormalities, including bowel obstruction (espe-
cially low-grade), sinus tracts, fistulae, and ulcerations,
mainly as a result of the enteral volume challenge gener-
ated by the controlled infusion of the contrast agent [7]. It
was only a matter of time until computed tomographic en-
teroclysis (CTE) was developed to overcome the individ-
ual deficiencies of these techniques and to combine the
advantages of both examinations into one technique.
Initially reported by Kloppel et al. in 1992 [8], CTE was
shown to be highly accurate for the depiction of mucosal
abnormalities as well as bowel thickening, fistulae, and
other extraintestinal complications of Crohn’s disease. The
first North American report performed studies in patients
with suspected small bowel obstruction [9]. Bender et al.

showed that CT enteroclysis was superior to conventional
CT for the diagnosis of lower grades of bowel obstruction
and was also able to reveal the nature of the obstructive
lesion. Notably, in these patients, adhesions were inferred
on conventional CT when no mass, inflammatory changes
or any other significant pathology were seen at the point
of obstruction.

The introduction of multislice CT technology with its
ability to scan larger volumes at a faster speed and the use
of thinner section collimation allowing acquisition of near
isotropic voxels, have made high resolution reformatting in
different planes a simple and practical procedure with new-
er software. This technology has also resulted in improved
performance and feasibility of CT enteroclysis, leading to
an increased use of this method around the world [10-13].
At the same time, progress in endoscopy has been remark-
able. Wireless capsule endoscopy (WCE) and very recent-
ly, double-balloon enteroscopy have allowed full explo-
ration of the small bowel, the latter completed with inter-
ventional capabilities previously only available through in-
tra-operative enteroscopy [14, 15]. This update examines
the various modifications made to CTE that have evolved
since its original description more than ten years ago, pre-
sents an overview of its clinical applications and analyzes
its role in the investigation of small bowel diseases in the
era of complementary endoscopy studies.

Technical Modifications

Since the original reports using dilute positive enteral
contrast, CT enteroclysis has evolved into two distinct
modifications, one using neutral enteral contrast with in-
travenous (iv) contrast enhancement and the other using
positive enteral contrast [16-19]. Each modification has
technical differences, and these will be described sepa-
rately. For both modifications, bowel preparation includes
a low residue diet, ample fluids, a laxative on the day pri-
or to the examination, and nothing by mouth on the day
of the examination. As with barium enteroclysis, patients
using a 13 F enteroclysis catheter (MEC Cook Inc.
Bloomington IN) are given the option to have conscious
sedation, as has been previously suggested [16].
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CTE with Neutral Enteral and iv Constrast

The enteral contrast agents used with CTE are water, 0.5%
methyl cellulose and dilute barium (VoLumen®, EZ EM
Inc., Westbury, NY). All of these agents have been used
successfully by many practitioners. Methyl cellulose was
used initially by some radiologists because of its perceived
slower absorption compared to water [20]. We also ini-
tially used methyl cellulose, but currently prefer water.
Water is not absorbed has fast that a collapsed small bow-
el results, and is eliminated quickly. In a busy tertiary care
facility practice, performing an average of four CTE a day,
we have not yet had a patient develop complications with
the use of water. VoLumen® has a flavoring agent and ad-
ditives to decrease absorption. Taste is not an issue with
enteroclysis. The spread of acquisition with multislice CT
technology has caused the development of fast rate of en-
teral infusion using an hypotonic agent to keep the small
intestine distended. The lower attenuation of water com-
pared with methyl cellulose and VoLumen® contrasts well
with the mucosal enhancement produced by the iv con-
trast agent and allows a global look at all abdominal and
pelvic organs (Fig. 1). Both methyl cellulose and
VoLumen® (which also contains gum and dilute barium)
have a slightly higher attenuation than water. All have
been used successfully without complications. We prefer

Fig. 1. Neutral enteral contrast CTE in 47-year-old female with
Crohn’s disease and abdominal pain. Coronal reformatting of
isotropic resolution acquisition showed no small bowel abnormali-
ty. Incidental hypervascular liver mass (arrow) with scar (white
arrowhead) was demonstrated, later proven to be focal nodular hy-
perplasia. Note dark and bright stripes (black arrowhead) adjacent
to the nasoduodenal tube. This (Feldkamp) artifact is due to the off-
center modulation of pixel noise in the z position when dealing
with a wide cone beam (40-channel CT was used in this study).
The artifact is most obvious on coronal or sagittal reformats at sites
where X-ray attenuation changes rapidly along the z direction

VoLumen® for the oral hyperhydration method (CT en-
terography — a non-enteral volumed challenged examina-
tion). We prefer water for CTE because of its viscosity,
which allows us to infuse faster at a slower infusion rate,
decreasing the incidence of vomiting. Its lower attenuation
and cost are additional factors. The amount and rate of ad-
ministration of iv contrast depends on the radiologist’s in-
dividual preference. We prefer CT acquisition during the
late arterial/early portal venous phase where maximum in-
testinal mucosal enhancement occurs [21].

Catheter Tip Position

A small balloon catheter is used for CTE because of the
lack of viscosity of water and the low viscosity of the oth-
er neutral enteral agents, (9 F MCTE catheter, EZ EM
Inc., Westbury NY). This small soft catheter obviates the
need for conscious sedation. The balloon and catheter tip
are ideally positioned distal to the crossing of the superi-
or mesenteric artery. The balloon is inflated with 30-40
ml of air. A 60 ml syringe of air is injected into the infu-
sion lumen and additional air is injected into the balloon
if air refluxes proximally. This also allows us to see if the
catheter tip is in a diverticulum. Our technique of per-
forming CTE with neutral enteral and iv contrast is sum-
marized in Table 1.

We observe the position of the balloon and gauge the
response of the patient to the rate of initial infusion (100
ml/min). If the balloon is pushed back to the descending
segment at this rate, we decrease the infusion rate to 80
ml/min. In some patients, particularly those with irritable
bowel syndrome, patients complain of abdominal pain at
this rate even if the balloon is not pushed back, in which
case we decrease the rate to 60 ml/min. This is also done
when patients complain of nausea. We raise the rate by 20
ml from the fluoroscopic rate at the CT table. If the pa-
tient evacuates some of the water when no CT unit is im-
mediately available, we infuse 2 1 on the CT table before
iv contrast is given. In patients with prior surgery that in-
volved the ileocecal valve, we decrease the amount in-
fused at CT to 1 1 but increase the infusion rate to 150
ml/min, if possible. The high rate of infusion keep the

Table 1. CT enteroclysis with neutral enteral/iv contrast

Fluoroscopic Phase

a. Balloon positioned in distal duodenum to the left of the spine

b. 0.3 mg glucagon iv

c. Infuse 2 1 of water at 100 ml/min — adjust as described
Transfer patient to CT table

CT Phase

d. Give 0.3 mg glucagon iv

e. Infuse 1.5 I of water at 120 ml/min

f. iv contrast: 4 ml/sec, total 150 ml
CT acquired at 50 sec delay

g. Balloon deflated and catheter retracted to level of black mark-
er, refluxed water in stomach decompressed before catheter
withdrawn
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small bowel distended for a longer time. The glucagon (or
buscopan) keeps the small bowel aperistaltic and allows
the patient to hold the large amount of contrast in the
small bowel and colon. We give the glucagon in two small
doses to diminish the nausea that is common with higher
doses and to prolong its effect.

(T Enteroclysis with Positive Enteral Constrast

The enteral contrast chosen has varied from a 4-15% wa-
ter soluble contrast solution, to dilute 6% barium solution
[14]. The concentration used mostly depends on the pref-
erence of the radiologist.

Catheter Balloon Tip Position

The balloon and catheter tip can be positioned initially in
the descending duodenum because infusion of enteral
contrast is done under fluoroscopic control. A 13 Fr diag-
nostic enteroclysis catheter, or a 13.5 decompression/en-
teroclysis catheter are used (MEC or MDEC, Cook, Inc.,
Bloomington, IN) because of the viscosity of the contrast
material. After the balloon is inflated with 30-40 ml of air,
a syringe of air is injected into the infusion lumen. Air is
added to the balloon if backflow occurs. If, at the start of
infusion with slower infusion rates, the balloon is pushed
back or contrast refluxes proximal to the balloon, the in-
fusion is stopped and the catheter tip is advanced to the
distal duodenum or proximal jejunum and the balloon is
inflated. In asthenic patients the catheter tip and balloon
should be immediately advanced to the distal duodenum
or, when using the long decompression/enteroclysis
catheter, to the proximal jejunum. Table 2 shows our CTE
protocol with positive enteral contrast.

The amount infused at CT should be increased to 1.5
liters before CT acquisition if the patient eliminates con-
trast while waiting for a CT table. Otherwise, the
amount infused at CT will depend on the amount seen
at fluoroscopy, in order to reach the pelvic segments of
small bowel or when an abnormality (mass or gradient)
is seen fluoroscopically. Determination of optimal infu-

Table 2. CTE with positive enteral contrast

Fluoroscopic phase:

a. Balloon catheter tip in descending or distal duodenum

b. 12% water soluble contrast: 21 plus infusion rate at 55-150
ml/min (adjusted for optimal enteral volume challenge)

c. Limited fluoro and radiography to cecum
Transfer patient to CT

CT Phase:

d. Infuse 500 ml to 1 1 on CT table with infusion continued dur-
ing scanning. Infusion rate increased by 10 ml/min from fluo-
roscopically determined infusion rate. Amount determined at
fluoroscopy

e. Withdraw enteroclysis catheter to stomach (black marker) - suc-
tion refluxed contrast then withdraw catheter

sion rates during the fluoroscopic phase is important
when using positive enteral contrast, as this is the main
factor that keeps the small intestine distended during CT
acquisition (Fig. 2). Newer digital fluoroscopic units al-
low improved post processing of fluoroscopic images
obtained during optimum distention and result in diag-
nostic single-contrast examinations when using a 12%
solution of sodium diatrizoate. In some instances, subtle
gradients of low-grade partial obstruction may be ob-
served during the fluoroscopic phase and not on the CT
images. The etiology of obstruction may not be seen flu-
oroscopically. When combined with the CT images, flu-
oroscopic observations recorded on the spot radiographs
add confidence to the diagnosis.

Fig. 2. Positive contrast
CTE in 29-year-old male
with Crohn’s disease
with allergy to iv con-
trast. a Coronal reformat
showed low-grade small
bowel obstruction with
sharp transition point
(black arrowhead). The
cause of the obstruction
was a long segment of
fibrostenosis (arrows). b
Sagittal reformat showed
enteric fistula (white ar-
rowheads). In view of fi-
brostenosis, patient was
not treated with inflix-
imab (inhibitor of tumor
necrosis factor-alpha)
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(T Parameters

Table 3 lists our CT parameters using 4, 16, 40, and 64
multi-detector channels.

Routine soft tissue viewing and post processing in CT
enteroclysis.

(WW =360 H WL = 40 H) with neutral enteral and iv
contrast. Small bowel windows (WW = 1200 H WL =200
H) are used for viewing positive enteral contrast CT.

The small bowel window settings used can be adjust-
ed to individual preference (Fig. 2a, b).

The large number of projection data images collected
when acquiring near isotropic or isotropic voxels with mul-
tislice CT means that practical handling of the source data
or ‘smart post processing’ is important to reduce the
amount of data and, at the same time, increase the amount
of information. This is tailored to the radiologist’s needs.
Interpretation is done at a separate workstation (Extended
Brilliance workspace [EBW] Philips, Medical Imaging,
Best, Netherlands) using interactive 2D viewing, i.e., view-
ing of axial, coronal and sagittal images with cross-refer-
encing of abnormal or questionable findings. Selected sig-
nificant reformatted images are sent to the picture archiv-
ing communication system (PACS) for the clinician to
view. These are added to the reformatted axial images sent
initially to the PACS station. This is also of value in con-
ferences where direct retrieval of images are from PACS.

(Clinical Indications

The clinical applications of the two modifications of CT
enteroclysis overlap. In our early experience, we used
CTE with positive enteral contrast for most small bowel
investigations of possible small bowel obstruction (Fig.
3a, 3b). Since the introduction of multislice CT technol-
ogy, we use CT enteroclysis with neutral enteral and iv
contrast as our primary method of investigation when the
small bowel is not distended, as determined by the scout
radiograph, and when there is no contraindication to the
use of iv iodinated contrast. This modification is faster,
reproducible and allows a more global detailed evaluation

Table 3. CT Parameters

* Quad CT (MX 8000, Philips Medical Systems)
3.2 mm slice width
1.3 mm reconstruction interval
* Brilliance 16 channel CT (MX 8000 IDT, Philips Medical
Systems)
2.0 mm slice width
1.0 mm reconstruction interval
* Brilliance 40 or 64 (Philips Medical Systems)
Scan 40 x 0.625 mm
*Recon 0.9 mm @ 0.45 mm
AX
Post process: COR 4@ 4 mm
SAG

* Source raw images workstation for interpretation

Fig. 3. A 38-year-old male with prior appendicectomy presenting
with intermittent abdominal pain. a Conventional CT image showed
no evidence of distended small bowel. b CTE with positive enteral
contrast, performed three days later, showed distended proximal
bowel loop with abrupt tapering of caliber (arrowhead) adjacent to
anterior parietal peritoneum. Distal small bowel contains enteral
contrast but was non-distended (arrow). Low-grade obstruction was
diagnosed and surgically proven as being due to adhesions

not only of the small intestine, but also of the entire ab-
domen. It is well tolerated by patients if simple technical
guidelines are observed and uses less radiation than pos-
itive enteral contrast.

Table 4 summarizes the current clinical indications of
CTE with neutral enteral and iv contrast. Table 5 sum-
marizes the current clinical indications of CTE with pos-
itive enteral contrast.

Miscellaneous Applications

CT enteroclysis has been of value in resolving the false
positive and false negative interpretation of non-enteral
volume-challenged small bowel studies that arise from the
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Table 4. CTE with neutral enteral & iv contrast

CLINICAL INDICATIONS:

1. Unexplained GI bleeding - history of prior malignancy.

2. Unexplained anemia in elderly or younger patients without di-
arrhea. No heme positive stool.

3. Known Crohn’s disease: Staging (Fig. 4).

4. Small bowel obstruction (SBO) - no evidence of significant
small bowel distention on plain film.

5. ALTERNATE EXAM — Pre- or post capsule enteroscopy or

when CO, double contrast barium enteroclysis is not technically

possible (Fig. 5).

Table 5. CTE (positive contrast)

1. Suspected recurrent SBO or unexplained abdominal pain with
negative conventional exams or iv contrast contraindicated (Fig.
6 a-c).

2. Suspected small bowel disease (unexplained lower GI bleeding,
anemia, diarrhea, and history of NSAID intake) and iv contrast
contraindicated or air (CO,) Barium Enteroclysis not technical-
ly possible.

3. Subset of patients with SBO in whom general surgeons prefer

conservative MX and SB distended on conventional exams.

. SBO in the immediate post operative period.

. History of prior abdominal surgery for malignant tumor.

. History of prior radiation therapy.

. Crohn’s disease with prior surgery.

NN n A

Fig.4. Axial image of neutral enteral contrast CTE in a 62-year-old
female with Crohn’s disease showing a long fistulous track (black
arrowheads) extending from the inflamed cecum (black arrow) to
an abscess (white arrow). Prior terminal ileal resection is evidenced
by surgical clips (white arrowhead). Note the late arterial phase of
iv contrast bolus, indicated by enhancement of left renal cortex (K)

difficulties associated with small bowel non-filling, poor
distention, peristalsis, or the simulation of wall thickening
or pseudowaves caused by retained fluid that occurs with
positive oral contrast [12]. In patients with symptoms of
proximal small bowel obstruction, the performance of the
CT enteroclysis with the catheter tip in the descending
duodenum have resulted in more precise diagnosis.

Fig. 5. Neutral enteral contrast CTE in a 63-year-old female with
unexplained gastrointestinal (GI) bleeding. Wireless capsule en-
doscopy showed jejunal angioectasia (not shown). CTE showed a 3
cm hypervascular submucosal mass (arrow) arising from mid small
bowel, proven to be a gastrointestinal stromal tumor at surgery

We have observed abdominal pain and nausea in pa-
tients with irritable bowel syndrome due to the high in-
fusion rates used with CT enteroclysis. This may be an
important clinical observation once organic disease has
been excluded [12]. Prompt adjustment of the infusion
rate can diminish the discomfort without problems.
Neutral enteral contrast is not seen fluoroscopically, so
CT enteroclysis with this method is subject to difficulties
that arise when evaluating non-distended bowel in pa-
tients that vomit or inadvertently lose small bowel con-
trast via the rectum. Experience and adherence to techni-
cal details alleviates this disadvantage.

Relevance of CTE for the Elective Investigation of Small
Bowel Disease in the Era of Wireless Capsule Endoscopy

Pre-capsule Endoscopy

Except for emergent clinical investigation for possible
small bowel diseases where abdominal CT will remain the
primary method of investigation, the role of imaging is
likely to undergo reassessment based on results of WCE
in the elective work-up of patients [1]. In the patient with-
out risk factors for a potentially obstructing small bowel
lesion, radiology has a limited role. As stated earlier,
where the indication raises the possibility of early Crohn’s
or NSAID enteropathy, air double-contrast enteroclysis is
the most reliable method of imaging (Fig. 7). CTE should
otherwise suffice for all pre-capsule radiologic investiga-
tions where there is a possibility of a potentially obstruct-
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Fig.6. Axial CT (a) and positive contrast CTE (b, ¢) in a 48-year-
old male presenting with vomiting and weight loss. CT showed no
obstruction or mass. Wireless capsule enteroscopy performed after
CT was unsuccessful because the capsule was trapped in proximal
small bowel. CTE showed annular mass (arrowhead, b) in proxi-
mal jejunum proven to be adenocarcinoma and capsule trapped in
distal duodenum (arrow, c)

ing small bowel abnormality. How the introduction of the
patency capsule will impact on utilization of radiologic in-
vestigation remains to be seen.

Post-capsule Endoscopy

As with all examinations where there is a human factor
involved, perceptive errors are inevitable. The clinical
significance of diminutive red spots without positive ev-
idence of bleeding and the superficial mucosal ‘scratch-
es’ shown by WCE are increasingly being questioned [1].
A mucosal ‘scratch’ is a nonspecific and will need fur-

Fig. 7. A neutral enteral contrast CTEs (a) performed within two
weeks of each other in a 54-year-old female with suspected Crohn’s
disease. Fluoroscopic study showed aphtae in small bowel loops
(arrowheads). b Double contrast carbon dioxide-barium small
bowel fluoroscopic enteroclysis. CTE of same loop (arrowhead)
showed no abnormality. Note incidental abdominal wall mesh on
image b (arrow)
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ther characterization to make a precise diagnosis in some
instances. We have unpublished data of an air double con-
trast barium enteroclysis carried out following WCE and
interpreted by experienced endoscopists to assess the ex-
tent of, or to characterize Crohn’s disease. This has shown
the limitations of WCE in characterizing superficial ul-
cers and their precise location [22]. In one instance, radi-
ologic examination showed a giant Meckel’s diverticulum
with ulcerations in the junction of the diverticulum to the
ileum. In another patient, NSAID ulcers and diaphragm
disease were shown by air enteroclysis and ascribed by
WCE to Crohn’s disease. Patients with persistent symp-
toms or bleeding with negative WCE require accurate ra-
diologic investigations (Fig. 5). We have diagnosed a
Meckel’s diverticulum with a prior negative WCE.
NSAID ulcers were shown by air double-contrast barium
enteroclysis. Where the indication is a question of sub-
mucosal mass on WCE, CTE with neutral enteral and iv
contrast is appropriate.

Disadvantages of CTE and Pitfalls

Nasoenteric tube placement is necessary for infusion, but its
associated discomfort is alleviated by the use of conscious
sedation and smaller tubes [16]. Conscious sedation re-
quires dedicated personnel and makes the procedure longer
and more expensive. In small institutions and non-tertiary
care facilities this may not be practical. In patients who re-
quire nasogastric suction and potentially need a small bow-
el examination, the initial use of a decompression/entero-
clysis catheter circumvents this disadvantage [23].

The logistics of performing CT when the fluoroscopic
suite is far from the CT area is a deterrent. The addition
of CT to enteroclysis increases the cost of the procedure
and exposure of radiation to patients and radiologic per-
sonnel. The procedure therefore should be done only
when clinically indicated.

Fluoroscopy should be limited when utilizing positive
enteral contrast CTE. When feasible, CTE should be used
with neutral enteral and iv contrast.

Radiation doses related to CT enteroclysis remain a
significant issue. The use of a multidetector CT with 40
or more channels can reduce radiation by 10-66% [24].
This is because of a more efficient detector configura-
tion, automatic exposure controls, improved filters and
image post processing algorithms. MR enteroclysis has
the advantage of lack of radiation exposure and safer con-
trast agents, but appears to be less accurate than CT en-
teroclysis. In a prospective comparison between MR en-
teroclysis and CT enteroclysis, the latter showed greater
sensitivity and interobserver agreement for an array of
pathological signs of small bowel diseases [25].

Conclusions

Small bowel imaging is a rapidly changing field. The
early diagnosis of small bowel disease will remain a di-

agnostic challenge to radiologists [26]. CTE combines
the advantages of CT and barium enteroclysis. Although
it has disadvantages, international experience has shown
that it has value for the investigation of small bowel dis-
eases. The use of multislice technology and 2D refor-
matting have made organs that are more long than wide,
such as the mesenteric small intestine, easier to exam-
ine with CTE. CTE in the non-emergent investigation of
small bowel diseases utilizes a hybrid imaging tech-
nique with high negative predictive value, high sensitiv-
ity, and specificity. This method of investigation is
needed when evaluating an organ with a low prevalence
of disease, the clinical symptoms of which are non-spe-
cific and are mimicked by diseases of other abdominal
organs.
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Introduction

Inflammatory and neoplastic diseases of the colon and
rectum are relatively common. Cross-sectional imaging
plays an important part in the work-up of patients with
these disorders. Diverticulitis, appendicitis, and the in-
flammatory and infectious colitides are among the com-
monest causes of acute abdominal pain. Affected patients
frequently present with non-specific symptoms and often
the first radiologic test that they undergo is computed to-
mography (CT). By virtue of its ability to directly image
pathologic changes in the colon wall, serosa, surrounding
mesentery and peritoneum, CT can provide crucial infor-
mation for accurate diagnosis and prompt management.
In patients with perianal fistulas, magnetic resonance
imaging (MRI) is the preferred imaging technique, as the
combination of high intrinsic contrast resolution and
large field of view provides detailed information on the
presence and extent of the disease. CT-colonography
(CTC) is valuable for the detection of colorectal cancer
and adenomatous polyps. For the work-up of patients
with rectal cancer, endosonography (EUS) and especial-
ly MRI are crucial for management.

This presentation describes the features of these disor-
ders, provides differential diagnostic guidelines and indi-
cates the role of imaging in disease management.

Inflammatory Disorders
Ulcerative Colitis

Ulcerative colitis is characterized pathologically by ex-
tensive ulceration and diffuse inflammation of the mu-
cosa. The disease characteristically begins in the rectum
and extends proximally to involve part or all of the colon.
The pathological changes found in the very early stages
of ulcerative colitis are below the spatial resolution of CT.
With progressive disease, submucosal edema may be
seen, producing a target sign. Severe mucosal ulceration
can denude certain portions of the colonic wall, leading
to inflammatory pseudopolyps (Fig. 1). When sufficient-
ly large, these pseudopolyps can be visualized on CT.

Fig.1. Acute ulcerative
colitis. CT demon-
strates deep ulcera-
tions (arrows) of the
fluid-filled rectosig-
moid. Inflammatory
pseudopolyps appear
as residual islands
of inflamed mucosa,
which protrude above
the denuded colonic
surface

Mural thickening and lumen narrowing are the CT hall-
marks of subacute and chronic ulcerative colitides. Mural
thinning, unsuspected perforations, and pneumatosis can
be detected on CT in patients with toxic megacolon. In
this regard, CT can be quite helpful in determining the
urgency of surgery for patients with stable abdominal
radiographs yet a deteriorating clinical course [1-3].

In chronic ulcerative colitis, the muscularis mucosae
becomes markedly hypertrophied, often by up to a factor
of 40. Forceful contraction of this hypertrophied longi-
tudinal muscle may pull the mucosa away from the sub-
mucosa, producing diffuse or segmental narrowing of
the lumen. The contraction also causes shortening of the
colon. The submucosa becomes thickened due to the de-
position of fat or, in acute and subacute cases, edema.
Submucosal thickening further contributes to lumen nar-
rowing. Additionally, the lamina propria is thickened due
to round cell infiltration in both acute and chronic ul-
cerative colitides.
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On CT, these mural changes produce a target or halo
appearance when axially imaged: the lumen is surround-
ed by a ring of soft tissue density (mucosa, lamina pro-
pria, hypertrophied muscularis mucosae). This is sur-
rounded by a low-density ring (fatty infiltration of the
submucosa), which in turn is surrounded by a ring of soft
tissue density (muscularis propria). This mural stratifica-
tion is not specific and can also be seen in Crohn’s dis-
ease, infectious enterocolitis, pseudomembranous colitis,
ischemic and radiation enterocolitides, mesenteric ve-
nous thrombosis, bowel edema and graft-versus-host dis-
ease [1-3].

There are certain CT findings that can help differenti-
ate granulomatous and ulcerative colitis. Mural stratifi-
cation, that is, the ability to visualize individual layers of
bowel wall, is seen in 61% of patients with chronic ul-
cerative colitis but only in 8% of patients with chronic
granulomatous colitis. In addition, mean colon wall
thickness in chronic ulcerative colitis is 7.8 mm, signifi-
cantly smaller than that observed in Crohn’s colitis (11
mm). Finally, the outer contour of the thickened colonic
wall is smooth and regular in 95% of ulcerative colitis
cases, while serosal and outer mural irregularities are pre-
sent in 80% of patients with granulomatous colitis [1-3].

Rectal narrowing and widening of the presacral space
are hallmarks of chronic ulcerative colitis. CT depicts the
anatomic alterations that underlie these rather dramatic
morphologic changes. The rectal lumen is narrowed due
to the previously described mural thickening that attends
chronic ulcerative colitis. As a result, the rectum has a
target appearance on axial scans, which should not be
mistaken for the external anal sphincter, mucosal pro-
lapse, or the levator ani muscles. The increase in the pre-
sacral space is caused by proliferation of the perirectal
fat. On CT, this fat is characterized by an increased num-
ber of nodular and streaky soft tissue densities and an ab-
normal attenuation value 10-20 HU higher than the nor-
mal extraperitoneal or mesenteric fat. These fatty changes
relate to a number of factors, including ex vacuo re-
placement by fat of the void produced by rectal lumen
narrowing and lipodystrophy resulting from an influx of
inflammatory cells and edema. Edematous adipose tissue
and enlarged lymph nodes are often observed in the
perirectal region in patients with chronic ulcerative coli-
tis upon abdominoperineal resection [1-3].

Crohn’s Disease

Crohn’s disease most commonly affects the terminal
ileum and proximal colon. The acute, active phase of
Crohn’s disease is characterized by focal inflammation,
aphthoid ulceration with adjacent cobblestoning, an often
transmural inflammatory reaction with lymphoid aggre-
gates and granuloma formation, fissures, fistula and si-
nus tracts. The chronic and resolving phase of this disor-
der is associated with fibrosis and stricture formation.
When Crohn’s disease is limited to the mucosa, the CT
scan is often normal. Although inflammatory and post-in-

flammatory pseudopolyps may be identified on CT, the
assessment of the mucosa is best reserved for barium
studies and colonoscopy, which are more direct and sen-
sitive. Crohn’s disease causes mural thickening of the gut
in the range of 1-2 cm. This thickening, which occurs in
up to 83% of patients, is most frequently observed in the
terminal ileum, but other portions of the small bowel,
colon, duodenum, stomach, and esophagus may be simi-
larly affected [1-3].

During the acute, non-cicatrizing phase of Crohn’s dis-
ease, the small bowel and colon maintain mural stratifi-
cation and often have a target or double-halo appearance.
As in ulcerative colitis, there is a soft tissue density ring
(corresponding to mucosa), which is surrounded by a
low-density ring. This ring has an attenuation near that of
water or fat (corresponding to submucosal edema or fat
infiltration, respectively), which in turn is surrounded by
a higher density ring (muscularis propria). Inflamed mu-
cosa and serosa may show significant contrast enhance-
ment following bolus intravenous contrast administration,
and the intensity of enhancement correlates with the clin-
ical activity of disease [1-3].

The CT demonstration of mural stratification, that is,
the ability to visualize distinct mucosal, submucosal, and
muscularis propria layers, indicates that transmural fibro-
sis has not occurred and that medical therapy may be suc-
cessful in ameliorating lumen compromise. Additionally,
prior to the onset of fibrosis, the edema and inflammation
of the bowel wall that cause mural thickening and lumen
obstruction are reversible to some extent. A modest de-
crease in wall thickness often produces a dramatic in-
crease in the cross-sectional area of the lumen and reso-
lution of the patient’s obstructive symptoms. Loss of mur-
al stratification is indicative of transmural fibrosis [1-3].

In patients with long-standing Crohn’s disease and
transmural fibrosis, mural stratification is lost so that the
affected bowel wall typically has homogeneous attenuation
on CT. Homogeneous attenuation of the thickened bowel
wall in the presence of good intravascular contrast medium
levels and thin-section scanning suggests irreversible fi-
brosis so that anti-inflammatory agents may not provide
significant reduction in bowel wall thickness. If these seg-
ments become sufficiently narrow, surgery or stricturo-
plasty will be necessary to relieve the patient’s obstruction.

The palpation of an abdominal mass or separation of
bowel loops on a barium study in a patient with Crohn’s
disease evokes an extensive differential diagnosis: ab-
scess, phlegmon, ‘creeping fat’ or fibrofatty proliferation
of the mesentery, bowel wall thickening, and enlarged
mesenteric lymph nodes. Each of these disorders has sig-
nificantly different prognostic and therapeutic implica-
tions. This diagnostic dilemma is further complicated by
the fact that many patients are receiving immunosuppres-
sive therapy that can mask signs and symptoms. CT can
readily differentiate the extraluminal manifestations of
Crohn’s disease.

Fibrofatty proliferation, also known as ‘creeping fat’ of
the mesentery, is the most common cause of separation of
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bowel loops seen on barium studies in patients with
Crohn’s disease. On CT, the sharp interface between bow-
el and mesentery is lost and the attenuation value of the
fat is elevated by 20-60 HU due to the influx of inflam-
matory cells and fluid. Mesenteric adenopathy with
lymph nodes ranging in size between 3 and 8 mm may al-
so be present. If these lymph nodes are larger than 1 cm,
the presence of lymphoma or carcinoma, both of which
occur with greater frequency in Crohn’s disease, can be
excluded [1-3].

Contrast-enhanced CT scans often show hypervascu-
larity of the involved mesentery, manifesting as vascular
dilatation, tortuosity, prominence, and wide spacing of
the vasa recta. These distinctive vascular changes have
been termed the ‘comb sign’. Identification of this hy-
pervascularity suggests active disease and may be useful
in differentiating Crohn’s disease from lymphoma or
metastases, which tend to be hypovascular lesions.

Pseudomembranous Colitis

Pseudomembranous colitis is being encountered with in-
creasing frequency as a nosocomial infection complicat-
ing antibiotic therapy. This potentially life-threatening dis-
order is caused by overgrowth of Clostridium difficile and
the subsequent release of a cytotoxic enterotoxin, which
causes ulceration of the colonic mucosa and the formation
of 2-3 mm pseudomembranes consisting of fibrin, mucus,
sloughed epithelial cells, and leukocytes. Mild cases may
demonstrate only mucosal irregularity and nodularity,
with small plaque formation that cannot be detected radi-
ologically. In advanced cases, there is thickening of haus-
tral folds, a shaggy wall contour, and mucosal plaques.
CT shows a pancolitis with mural thickening that may
be irregular or polypoid and have a shaggy endoluminal
contour. The wall thickening (Fig. 2), usually 1.6-1.8 cm,
is a result of submucosal edema. Mucosal and serosal en-

Fig. 2. Pseudomembranous colitis. There is mural and haustral thick-
ening of the colon associated with submucosal edema (white arrow,
enhancing muscularis propria; black arrow, enhancing mucosa)

hancement are seen following intravenous contrast ad-
ministration. The haustra are also thickened and edema-
tous producing an ‘accordion pattern’, which is highly
suggestive of pseudomembranous colitis. This pattern
consists of contrast material trapped between thickened
haustral folds that are aligned in a parallel fashion. This
appearance can sometimes simulate deep ulcerations or
fissures. Pericolic stranding, ascites, pleural effusions,
and subcutaneous edema are other ancillary CT findings.
Complications of untreated pseudomembranous colitis
include toxic megacolon and intestinal perforation with
subsequent peritonitis. CT is also useful for monitoring
the response to medical therapy with oral vancomycin
and metronidazole [4, 5].

AIDS-related Colitis

Cytomegalovirus and cryptosporidiosis are becoming rel-
atively common pathogens, due to acquired immunodefi-
ciency syndrome (AIDS). Patients with CD4 lymphocyte
counts of 200 mm?3 or less are at greatest risk for these in-
fections. Typically, the cecum and proximal ascending
colon are affected by these organisms, however, a pancol-
itis with continuous lesions may occur. CT shows mural
thickening of the involved segments of colon, with low at-
tenuation in the region of the submucosa due to edema as
well as pericolonic fluid and standing of the adjacent fat.
Pneumatosis and ascites have also been described [5].

Typhlitis

Typhlitis (neutropenic colitis) is a potentially fatal infec-
tion of the cecum and ascending colon caused by enteric
pathogens in patients with severe immunosuppression. It
is most frequently seen in patients with acute leukemia
receiving chemotherapy, but also occurs in the setting of
AIDS, aplastic anemia, multiple myeloma, or bone mar-
row transplantation. Bacteria, viruses, and fungi pene-
trate the damaged cecal mucosa and proliferate due to the
profound neutropenia. There is edema and inflammation
of the cecum, ascending colon, and occasionally ileum.
Fever, abdominal pain, nausea and diarrhea are present-
ing symptoms. Prompt diagnosis and supportive therapy
with intensive antibiotics and fluids are required to pre-
vent transmural necrosis and perforation. Surgical resec-
tion is indicated in patients with transmural necrosis, in-
tramural perforation, abscess, or uncontrolled sepsis and
gastrointestinal hemorrhage.

The inherent risks of bowel perforation caused by bar-
ium enemas and colonoscopies in these critically ill pa-
tients mean that CT is the study of choice in typhlitis. CT
demonstrates circumferential mural thickening (1-3 cm)
of the cecum, low density areas within the colonic wall
secondary to edema, pericolonic inflammation and fluid,
and in severe cases, pneumatosis. Clinically, CT is used
to monitor decreases in mural thickness after therapy and
to detect subtle pneumoperitoneum in cases of silent per-
foration or necrosis [6, 7].



Imaging of the Colon and Rectum: Inflammatory and Neoplastic Diseases

77

Graft-Versus-Host Disease

Colonic complications of graft-versus-host (GVH) dis-
ease are common. In this disorder, mature donor lym-
phocytes attack recipient tissue in bone marrow trans-
plantation patients. Acute GVH disease may manifest
with profuse diarrhea, nausea, vomiting, intestinal hem-
orrhage, and cramping abdominal pain. Transmural in-
flammation is common but frank perforation is unusual.
Initially, CT shows diffuse mural thickening of the
colon with submucosal edema and increased intraluminal
secretions. In chronic GVH disease, submucosal fat may
deposit rapidly and be readily identified on CT [4].

Differential Diagnosis of the Colitides

The differentiation of granulomatous colitis and ulcera-
tive colitis is important in terms of medical management,
surgical options, and prognosis. This distinction can usu-
ally be made on the basis of colonoscopy with biopsy his-
tology, double-contrast barium enema, disease distribu-
tion, and clinical course. CT can occasionally help dis-
tinguish these disorders by demonstrating differences in
mural thickness, wall density and distribution of colonic
involvement, as well as the presence or absence of small
bowel disease, abscess, fistula, and fibrofatty mesenteric
proliferation.

Idiopathic inflammatory bowel disease must also be
differentiated from infectious colitides. Although there is
considerable overlap in the CT findings of these disor-
ders, there are certain differentiating features. The pres-
ence of ascites is more suggestive of an acute, rather than
chronic, cause of colonic inflammation. Peritoneal fluid
is commonly found in the acute colitides, particularly
pseudomembranous, infectious, and ischemic colitis, and
not in chronic inflammatory bowel disease. Ascites is on-
ly infrequently seen in patients with acute inflammatory
bowel disease. Submucosal fat deposition detected by CT
is primarily found in subacute and chronic colitides, usu-
ally ulcerative colitis, and not in acute disease.

Appendicitis

Acute appendicitis is the most common abdominal surgi-
cal emergency, affecting 250,000 individuals in the
United States annually. The lifetime risk of developing
acute appendicitis is 8.6% for men and 6.7% for women.
Radiologists play a critical role in evaluating patients
with suspected appendicitis and minimizing complica-
tions by confirming or excluding the diagnosis in atypi-
cal cases. They can also reduce the number of misdiag-
noses and negative laparotomies, provide a correct alter-
nate diagnosis, and manage appendiceal abscesses and
post-operative complications. Contrast-enhanced helical
CT has a sensitivity, specificity, and accuracy over 95%
for the diagnosis of acute appendicitis [8-10].

On CT, the abnormal appendix presents as a slightly
distended, fluid-filled, or collapsed structure, approxi-

mately 0.5-2 cm in diameter. Inflammatory hyperemia
causes the wall of the diseased appendix to show ho-
mogenous enhancement during the arterial phase of con-
trast administration. The wall is circumferentially and
asymmetrically thickened (usually 1-3 mm). Periap-
pendiceal inflammation, the hallmark of appendicitis, is
characterized by increased hazy density or linear strand-
ing of adjacent mesenteric fat, by fluid-containing ab-
scesses, and by ill-defined, heterogeneous soft-tissue
densities representing a phlegmon [8-10]. There may be
secondary inflammatory and edematous changes, with
thickening of the wall of the adjacent ileum and cecum,
which may mimic primary ileocolic inflammatory dis-
ease (Fig. 3).

Fig.3. Acute appendicitis. a Axial image demonstrates a dilated ap-
pendiceal lumen and abnormal mural enhancement (white arrow).
Note the thickening of the adjacent cecum (black arrow). b
Coronal reformatted image shows inflammatory changes (arrow)
in the mesoappendix
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On non-contrast CT scans, the diagnosis of acute ap-
pendicitis requires the detection of a thickened appendix
(diameter exceeding 6 mm) with associated inflammatory
changes in the periappendiceal fat, or abnormal thickening
of the right lateroconal fascia, with or without a calcified
appendicolith. The detection of an appendicolith confirms
a specific diagnosis of appendicitis in the appropriate clin-
ical setting. An appendicolith can be visualized on CT in
approximately 28% of adult patients (compared with 10%
for plain films), reflecting the higher sensitivity of CT in
detecting small intra-abdominal calcifications [8-10].

The combination of right lower quadrant inflammation,
a phlegmon, and an abscess adjacent to the cecum is sug-
gestive but not diagnostic of appendicitis. Indeed, if an ab-
normal appendix or an appendicolith is not shown, the dif-
ferential diagnosis must also include Crohn’s disease, ce-
cal diverticulitis, ileal diverticulitis, perforated cecal carci-
noma, and pelvic inflammatory disease. A barium enema
is required to visualize the appendix and evaluate the colon
and terminal ileum for primary intestinal disease.
Abscesses may be found in locations distant from the ce-
cum because of the length and position of the appendix
and the patterns of fluid migration in the peritoneal cavity.

The majority (60-70%) of patients referred for cross-
sectional imaging with suspected appendicitis do not
have this disease. Although most patients have benign,
self-limited gastrointestinal disorders such as viral gas-
troenteritis, CT and ultrasound (US) can often suggest a
specific alternate diagnosis [8-10].

Adnexal cysts, masses, salpingitis, and tubo-ovarian
abscesses can be readily shown on US. Ureteral calculi
and pyelonephritis can be detected on CT and US.
Enlarged lymph nodes in the right lower quadrant suggest
mesenteric adenitis or infectious ileitis; mural thickening
of the terminal ileum can be seen in Crohn’s disease or
infectious ileitis.

Diverticulitis

It is estimated that 10-25% of individuals with diverticu-
losis will suffer from episodes of peridiverticular inflam-
mation during their lifetime. In the United States, this
complication accounts for approximately 200,000 hospi-
talizations and a health care expenditure of four billion
dollars annually. Among patients who are hospitalized,
10-20% require emergency operations.

Inflammatory change in the pericolic fat (Fig. 4) is the
hallmark of diverticulitis on CT, and is seen in 98% of
cases. The extent of the inflammatory reaction is related
to the size of the perforation, bacterial contamination,
and the host response. Mild cases may manifest as areas
of slightly increased density of fat adjacent to the in-
volved colon or as fine linear strands with small fluid col-
lections or bubbles of extraluminal air. In sigmoid diver-
ticulitis, the fluid is typically decompressed into the infe-
rior interfascial plane. Due to hypervascularity of the in-
flamed area, contrast-enhanced CT scans often reveal en-
gorged mesenteric vessels in the involved pericolic fat.

Fig.4. Acute diverticulitis. There are diverticula and mural thicken-
ing of the sigmoid colon with inflammatory change and gas col-
lection (large arrow) in the sigmoid mesocolon. Fluid is also pre-
sent in the combined interfascial plane (small arrows)

Pericolic heterogeneous soft tissue densities representing
phlegmons and partially loculated fluid collections indi-
cating abscess are seen in more severe cases. The abscess
cavities usually contain air bubbles or air-fluid levels.
They develop within the sigmoid mesocolon or are sealed
off by the sigmoid colon and adjacent small bowel loops.
Less commonly they may form in the groin, flank, thigh,
psoas muscle, subphrenic space or liver [11].

Using CT, diverticula are seen at the site of perforation
or adjacent to it in about 80% of cases. They appear as
small out-pouchings of air, contrast, or fecal material pro-
jecting through the colonic wall. Symmetric mural thick-
ening of the involved colon by approximately 4-10 mm is
seen in about 70% of cases, however if there is marked
muscular hypertrophy, the wall of the colon can measure
up to 2-3 c¢m in thickness.

CT can also demonstrate intramural abscesses and fis-
tula, and is helpful in patients with suspected colovesical
fistulas. In the latter case, a pericolic inflammatory mass
is seen involving the bladder wall and intraluminal gas
confirms the diagnosis.

CT has a reported sensitivity of up to 98% in the di-
agnosis of diverticulitis [11]. Additionally, CT can
demonstrate extension of the disease, such as abscess and
peritonitis remote from the colon and can guide percuta-
neous abscess drainage. CT can diagnose other patholog-
ical conditions that can clinically simulate diverticulitis.

Epiploic Appendagitis
Primary epiploic appendagitis is a relatively uncommon

condition that results from an acute inflammation of the
appendices epiploicae. This disorder is often associated
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Fig. 5. Epiploic appendagitis. Inflammatory changes are present in
the pericolic fat (circle). The central portion of the inflammatory
change is fat density, indicating an inflamed epiploic appendage

with torsion and infarction of these appendices and can
simulate diverticulitis if they occur in the sigmoid colon,
and appendicitis if they are located in the proximal colon.
CT reveals a characteristic small, round, or oval fat-con-
taining mass with associated inflammatory reaction of
the pericolic fat (Fig. 5) [12].

Epiploic appendagitis is a self-limited process with
clinical resolution seen within a few days. Follow-up CT
examination may show total resolution in shrinkage with
eventual calcification of the inflamed and infarcted epi-
ploic appendix.

Perianal Fistulas

Perianal fistulas primarily occur as the result of fistulous
disease originating in the anal glands near the anal crypts
(cryptoglandular hypothesis), or in patients with Crohn’s
disease [13]. Infection of the anal glands may result in
abscess formation. It is a relatively common condition
with a prevalence of approximately 0.01%, predominant-
ly affecting young adults.

The tracks may have a simple superficial course, or
may have a complicated course. The complicated tracks
may be intersphincteric (through the internal anal

sphincter and then downward through the intersphinc-
teric space), transsphincteric (transversing not only the
internal sphincter but also the external sphincter or pu-
borectis muscle), supralevator, or extrasphincteric (ex-
tension to the rectum without involvement of the anal
sphincter). These complicated tracks require detailed
imaging for proper therapy, as inadequate treatment
may lead to recurrent disease. The surgeon must be
aware of the presence and number of tracks and their
extent, the location of internal opening, and presence of
abscesses.

Preoperative evaluation of these fistulas may include
physical examination, examination under anesthesia
(EUA), EUS, or MRI. Physical examination has signif-
icant shortcomings, especially in patients with recur-
rent disease. EUA can be used to determinine the ex-
tent of the disease, immediately followed by treatment.
However, EUA has limitations and disadvantages,
mostly related to probing. Firstly, not all fistulas have
an external opening that can be probed, and probing
may miss secondary tracks. It is well-recognized that
missed extensions are the commonest cause of recur-
rence, which reaches 25% in some series. Forceful
probing may lead to perforation of the levator plate,
worsening the extent of the disease. Patients with re-
current disease are likely to harbor missed disease, but
are also most difficult to assess. Digital palpation fre-
quently cannot distinguish between scarring due to re-
peated surgery and induration due to an underlying ex-
tension.

EUS, which can be enhanced by hydrogen peroxide in-
stallation in the track, may be used to determine disease
extent. Initial reports were encouraging, but later studies
have been less sanguine, especially when comparison is
made to MRI. This discrepancy probably relates to oper-
ator expertise, since EUS is highly operator dependent.
Insufficient penetration beyond the external sphincter, es-
pecially with high-frequency transducers, limits the abil-
ity to resolve ischioanal and supralevator sepsis, with the
result that EUS may miss extensions from the primary
tract. EUS is useful for demonstrating the internal open-
ing. However, it is often difficult to differentiate infection
from postoperative fibrosis by EUS.

MRI has been proven to provide the most comprehen-
sive assessment of patients with perianal fistulas, facilitat-
ing accurate identification of tracks and extensions as well
as abscesses. An MRI examination for perianal fistulas
should include T2-weighted sequences in multiple planes,
a fat-saturation sequence, and preferably a contrast-en-
hanced (fat-saturation) T1-weighted sequence [14].

Tracks (Fig. 6) are identified at T2 as hyperintense lon-
gitudinal structures, often with a hypointense, fibrous
wall. Some collateral inflammation is often appreciated
at fat saturation sequences. After intravenous contrast
medium administration the lining of the wall enhances.
Non-enhancing fluid can be identified in the center of the
track or the track can be completely obliterated by gran-
ulation tissue. In the latter case, there is complete en-
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Fig. 6. A male pa-
tient with Crohn’s
disease and peri-
anal fistulas. a
Axial T2-weight-
ed turbo spin-echo
demonstrates mul-
tiple tracks (ar-
rowheads), both
intersphincteric as
well as outside the
anal sphincter. At
the right an ab-
scess (4) is seen
in the ischioanal |
space. b Coronal
oblique T2-weight-
ed TSE demon-
strates the abscess
with supralevator
extension (arrow)

hancement of the part of the track that is hyperintense at
T2 (Fig. 7). Abscesses are readily appreciated on fat sat-
uration sequences, although some small fluid collections
can be more difficult to identify. External phased array
coils are used, which may have limitations for the detec-
tion of superficial extensions and difficulty in locating
the precise level on the internal opening. Endoluminal
MRI may provide more information on these findings.

Results of a prospective triple-blinded comparison of
the accuracy of AES, pelvic MRI, and surgical EUA in
perianal Crohn’s disease showed that AES correctly clas-
sified fistulas in 91% of cases, compared with 87% for
pelvic MRI, and 91% for surgical evaluation [15].
Combination of any two of the three modalities increased
accuracy to 100%. Another study, in which MRI and AES
were compared with surgical findings, showed MRI to be
superior to AES for classification of fistulas, with sensi-
tivities of 84% versus 60% for the two modalities, and
specificities of 68% and 21%, respectively.

Several studies have indicated the positive effect of
preoperative MRI on patient outcome. In one study, the
therapeutic effect of MRI before EUA was 21.1% [16].
Additionally, it was shown that recurrence of disease af-
ter surgery could be reduced by about 75% if surgery was
guided by MRI.

The differential diagnoses of perianal fistulas primari-
ly concern fistulas originating from skin appendages (ac-
ne conglobata, suppurative hidradenitis and pilonidal si-
nus). The first of these are commonly easy to recognize

Fig. 7. a Coronal
T2-weighted turbo
spin-echo with en-
doanal coil shows
a fibrous track (ar-
rowhead) extend-
ing through the left
external sphincter.
Normal sphincter
anatomy at the
right side: external
sphincter (E), in-
ternal sphincter (1),
puborectal muscle
(PR) as well as the
levator ani plate
(LA). b Axial T2-
weighted  turbo
spin-echo demon-
strates the hyperin-
tense track (arrow)
surrounded by fi-
brous tissue (ar-
rowhead), along
the left external
sphincter (E)

clinically, but diagnosis of pilonidal sinus is more diffi-
cult. Imaging can be used to differentiate between perianal
fistula and pilonidal sinus. A study in seven patients with
pilonidal sinus, and in 14 sex- and age-matched individu-
als with perianal fistulas has demonstrated that these con-
ditions can be discriminated, due to the fact that the for-
mer condition has an absence of intersphincteric sepsis or
enteric opening. Osteomyelitis of the pelvis or femur may
give rise to abscesses and tracks that extend to the anorec-
tal region, while osteomyelitis is a rare finding in perianal
fistulas due to Crohn’s disease. Differentiating these two
conditions is usually not difficult, as the predominant dis-
ease localization (either extensive bone marrow edema or
extensive tracks with intersphincteric extension and inter-
nal opening) establishes the diagnosis.

Neoplastic Diseases

Colorectal cancer is a common disease and is one of the
leading causes of cancer-related death in many Western
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countries. Imaging plays an important role in the detec-
tion of colorectal cancer and of their precursor polyps,
and in staging of rectal cancer.

The vast majority of colorectal cancers are adenocar-
cinoma and there is a well-established adenoma-carcino-
ma sequence. Cancer can present as a mass that may
cause lumen obstruction. Some cancers may have a car-
pet-like presentation. Polyps are mostly sessile, but may
be pedunculated or flat. Currently, it is not fully estab-
lished whether flat adenomas are more aggressive.

Other malignancies of the colon and rectum are rare,
and include soft tissue cancers, gastrointestinal stromal
tumors and extension of tumor from adjacent organs and
peritoneal metastases. The differentiation between diver-
ticulitis and cancer may be difficult, particularly in the
sigmoid colon. The presence of fluid in the root of the
sigmoid mesentery, engorgement of adjacent sigmoid
mesenteric vasculature and a tethered or sawtooth lumi-
nal configuration favors the diagnosis of diverticulitis.
Conversely, the presence of enlarged pericolic lymph
nodes, mural thickness greater than 1.5 cm, and an abrupt
transition zone raises the possibility of colon cancer.
Ischemic colitis may also lead to bowel wall thickening,
but the clinical history (e.g. extensive atherosclerosis)
and imaging findings (no enlarged lymph nodes, more
gradual transition) help to differentiate. At the rectosig-
moid, endometriosis may simulate colorectal cancer, but
the location (often anterior, adjacent to the pouch of
Douglas or rectovaginal septum) and morphology help to
differentiate between these two conditions. At MRI en-
dometriosis has typical findings: fibrosis with small hy-
perintense foci on T1-weighted sequences representing
blood, or cystic masses that are often hyperintense on T1-
weighted sequences and intermediate signal intensity on
T2-weighted sequences (so-called shading) due to the
presence of blood in a cyst.

Colorectal Cancer: CT Colonography (Virtual Colonoscopy)

CTC is used for the detection of polyps and colorectal
cancer in symptomatic patients, patients with failed
colonoscopy (pain, sharp bowel curvatures or bowel
stenosis) and in screening. CT of the air- or carbon diox-
ide-distended colon is performed in supine and prone po-
sitions, as some bowel segments may be collapsed in one
position. This dual positioning also assists movement of
residual fluid and stool that may obscure the bowel sur-
face. The use of oral iodine contrast media (e.g.
Gastrografin) has facilitated identification of submerged
lesions as well as tagging of residual stool. The use of in-
travenous contrast medium has no clear advantage for
polyp detection and may even be counterproductive with
the use of oral fluid tagging.

The main purpose of CTC is to detect clinically sig-
nificant lesions such as colorectal carcinomas and large
adenomatous polyps, which are its precursors. As adeno-
matous and nonadenomatous lesions cannot be discrimi-
nated with CTC, the primary focus of most studies is

polyps = 10 mm, as the likelihood of adenomas and ma-
lignancy is size-related. Although the primary interest is
in polyps = 10 mm, polyps ranging in size from 5-9 mm
are also considered relevant.

In symptomatic populations CTC is an accurate tech-
nique with a detection sensitivity for colorectal cancer of
95.9% and a specificity of > 99% [17]. For patients with
polyps = 10 mm, sensitivity is 85-92.5% and specificity
95-97.4%, while for patients with polyps = 6 mm, sensi-
tivity is 70-86.4% and specificity 86.1-93% [17, 18].
Intravenous contrast medium can be used for the detec-
tion of lymphadenopathy and liver metastases in sympto-
matic patients in one position.

In colorectal cancer, extension outside the colon,
such as infiltration of pericolic fat and loss of fat planes
between the colon and adjacent organs, can be readily
evaluated. Pathways of lymph node metastases can be
predicted based on the site of the primary tumor.
Complications of primary colonic malignancies, such as
obstruction, perforation, and fistula can be visualized
with CT.

The liver, the primary site for distant metastases, needs
to be examined for the presence of colorectal liver metas-
tases. CT and MRI are the principal diagnostic techniques
for detection of liver metastases, with an increasing role
of fluorine-18-fluorodeoxyglucose (FDG) positron emis-
sion tomography (PET). FDG PET has significantly high-
er sensitivity on a per-patient basis, compared with that of
CT and MRI, but not on a per-lesion basis [19].
Sensitivity estimates for enhanced MR imaging (super-
paramagnetic iron oxide [SPIO] or gadolinium) are sig-
nificantly superior to those for helical CT with 45 g of io-
dine or less.

Data on CTC in surveillance/screening of populations
are still limited. The sensitivity in patients with polyps
> 10 mm varies considerably (55-94%), while specificity
is high (92-96%) [20]. The studies differ considerably in
methodology, including prior reading experience, review
methods (two-dimensional [2D] or three-dimensional
[3D]), bowel preparation and reference standards. All
these factors may have contributed to the differences seen.

CTC examinations have traditionally been performed
after extensive bowel cleansing, a major deterrent for full
structural colon examinations. Several studies have
demonstrated the feasibility of CTC after limited bowel
preparation. A low-fiber diet and the use of oral contrast
medium has been shown to be sufficient for good CTC
results for the detection of colorectal cancer and polyps.

Pitfalls include untagged stool (inhomogeneous,
moves in position), complex folds (3D is helpful), extrin-
sic compression (2D is helpful), ileocecal valve (com-
bined 2D and 3D evaluation), while flat lesions can be
difficult to detect. Evaluation of the sigmoid can be dif-
ficult in patients with extensive diverticulosis and mus-
cular hypertrophy. Collapsed bowel segments should be
scrutinized in the other position. It is important to report
the quality of the examination (distension, tagging) and
whether a colonoscopy is indicated.
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For screening purposes, radiation exposure is a draw-
back of CT. MRI can be used as an alternative to CT, al-
though this is less common. MR-colonography can be
performed after limited bowel preparation, however the
optimal MR protocol has not been determined.

Rectal Cancer: Diagnostic Work-up

Adenocarcinoma is the most common rectal malignancy.
The diagnosis is usually histologically established prior
to imaging. Cross-sectional imaging is used to stage the
tumor. The treatment of rectal cancer depends on the ex-
tent of disease and has changed substantially over the last
decade. EUS and MRI are important in the management
of these patients. T2-weighted sequences are pivotal in
MRI of rectal cancer. These provide optimal contrast be-
tween the rectal wall and surrounding fat and organs. T1-
weighted sequences after intravenous contrast medium
administration do not provide much additional informa-
tion. No bowel preparation is necessary.

Rectal tumors are identified as lesions with intermedi-
ate signal intensity, while stool often has an inhomoge-
neous low signal intensity at T2-weighted sequences.
Tumors present as a mass, but may also have a more su-
perficial extent. Mucinous tumors have a high signal in-
tensity.

Tumor limited to (sub)mucosa (T1 disease) is often
treated by transanal endoscopic microsurgery. EUS is
preferable for local staging of these tumors. The higher
spatial resolution of EUS as compared to MRI results in
a more detailed demonstration of the rectal wall layers.
EUS depicts five interfaces, while MRI shows a maxi-
mum of two interfaces. This leads to a significantly high-
er (p = 0.02) specificity of EUS (86%) as compared to
MR imaging (69%), indicating overstaging of T1 (or low-
er) tumors with MR imaging [21]. Endoluminal US and
MR imaging have similar sensitivity estimates of 94% for
these tumors.

The tumor often invades deeper than the (sub)mucosa
and may extend into the lamina propria (T2), beyond the
muscularis propria (T3) (Fig. 8) or even involve sur-
rounding structures (T4). For muscularis propria inva-
sion, EUS and MR imaging have similar sensitivities;
specificity of EUS (86%) is significantly higher than that
of MR imaging (69%) [21]. For perirectal tissue invasion,
sensitivity of EUS (90%) is significantly higher than that
of CT (79%) and MR imaging (82%); specificities are
comparable (75%, 78%, and 76%). For adjacent organ in-
vasion and lymph node involvement (Fig. 9), estimates
for EUS, CT, and MR imaging are comparable (70%,
72%, 74%, respectively). Specificity estimates are also
comparable (97%, 96%, 96%). Stenotic tumors may ham-
per endosonography.

The importance of T-staging has decreased with the
widespread use of total mesorectal excision (TME). In
this procedure, the rectal cancer and the surrounding en-
velope of mesorectal fat bordered by the mesorectal fas-
cia is removed en bloc. This operation has been shown to

Fig.8. Coronal oblique T2-weighted turbo spin-echo of a rectal tu-
mor (7) extending through the rectal wall into the mesorectal fat.
A spiculated margin (arrowhead) is seen, where imaging cannot
differentiate between desmoplastic tumor reaction without or with
tumor. There is several centimeters distance between the tumor
margin (including spiculations) and the mesorectal fascia (arrow)
and therefore total mesorectal excision is possible. There are not
any enlarged lymph nodes

Fig.9. Axial T2-weighted turbo spin-echo of a rectal tumor (7) with
multiple mesorectal lymph nodes. In general, imaging is not an ac-
curate technique for differentiating between malignant and benign
lymph nodes. However, in this patient one lymph node (L) extends
through the mesorectal fascia (curved arrow) and one presacral
lymph node (S) has invaded the sacrum, indicating malignancy
loaded lymph nodes. Normal mesorectal fascia at the left (arrow-
head)

reduce significantly tumor recurrence rate. For this treat-
ment, determining the distance between tumor and
mesorectal fascia (circumferential resection margin;
CRM) has become crucial. TME was introduced due to
the high initial local tumor recurrence (approximately
28%). With TME the recurrence rate has decreased to 10-
15%. In Europe, mobile rectal cancers are treated with
preoperative radiotherapy before TME and this has led to
a further decrease of recurrence, especially for cancers in
the mid-rectum (3.9% vs 14.9%; p = < 0.001).

MRI can accurately determine the distance between
tumor and mesorectal fascia and differentiate between
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patients with a wide circumferential resection margin,
close margin and involved margin, with accuracy rates of
92-100% and high reproducibility (Fig. 8 and 9) [22, 23].
Low rectal cancers and anterior cancers are more difficult
to assess than other rectal cancers, as the mesorectal fas-
cia is less readily identified.

Detection of nodal disease is important since it is a
predictor for distant metastases and local recurrence. In
rectal cancer, lymph drainage is upward along the supe-
rior rectal vessels to the inferior mesenteric vessels, while
the lower rectum drains along the middle rectal vessels to
the internal iliac vessels. In patients treated with TME,
perirectal nodes are removed, but lateral nodes may lead
to recurrent disease. Lateral lymphatic spread is more
prevalent in low rectal cancer. To reduce the local recur-
rence rate, radiotherapy and dissection of the lateral
nodes is used, although there has been little interest
shown in the latter treatment. Nevertheless, improved
preoperative identification of lymphatic spread is a major
step forward in the treatment of rectal cancer.

The accuracy of MRI, EUS, and CT with respect to
lymph node staging is disappointing. The size criterion
used to differentiate between benign and malignant nodes
has serious limitations [24]. In a systematic review, sen-
sitivity estimates for EUS, CT, and MR imaging were
comparably low: 67%, 55%, and 66%, respectively [19].
Specificity values were also comparable: 78% for EUS,
74% for CT, and 76% for MR imaging. Improved lymph
node criteria, such as presence of a spiculated border, in-
distinct border and mottled heterogenic pattern strongly
correlate with tumor invasion (p < 0.001), but still have
limitations [25]. The use of ultra small iron oxide parti-
cles (USPIO) has shown promising results in differenti-
ating normal sized nodes that contain tumors [26].
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Introduction

Computed tomography colonography (CTC, also known
as virtual colonoscopy) has been used for over a decade to
investigate the colon for colorectal neoplasia. Numerous
clinical and technical advances have allowed CTC to ad-
vance from a research tool to a viable option for colorec-
tal cancer screening. Slowly the clinical community is be-
ginning to realize its promise. However, controversy re-
mains among radiologists, gastroenterologists, and other
clinicians, regarding its utilization in clinical practice.

On the one hand there is tremendous excitement about
a noninvasive imaging examination that can reliably de-
tect clinically significant colorectal lesions. However, this
is tempered by several recent studies that show the sensi-
tivity of CTC may not be as great when performed and
interpreted by radiologists without expertise and training.
The potential to miss significant lesions exists even
among experts, and moreover, if polyps are unable to be
differentiated from folds and residual fecal matter, it will
result in unnecessary colonoscopies.

A recent meta-analysis of published CTC studies has
determined that several factors may be important for in-
creasing the sensitivity of CTC. These include the use of
a multi-detector CT (MDCT) scanner, the use of thin CT
sections, and possibly the utilization of a three dimen-
sional (3D) fly-through data interpretation technique [1].

Currently, there are not enough trained endoscopists to
screen the U.S. population at average risk for colorectal
cancer. There are certainly not enough trained radiolo-
gists to make a substantial impact on colon caner screen-
ing with CTC. Radiologists need to understand the issues
related to colon cancer screening, how CTC may impact
on colon cancer evaluation, and importantly, learn the
techniques of patient preparation, data acquisition, and
data interpretation. If radiologists do not embrace CTC,
ultimately gastroenterologists will.

The Problem: Colon Cancer

Colon cancer is the second leading cause of cancer
death in the United States, and it accounts for approxi-

mately 10% of all cancer deaths in both men and
women combined [2, 3]. 150,000 new cases and 50,000
deaths result from colon cancer every year in the
United States [2]. This translates into 137 deaths per
day or six deaths per hour. This is unfortunate, since
most cases of colon cancer are preventable if detected
as precancerous adenomas. It is estimated that up to
80-90% of all cases of colon cancer develop from small
adenomas that undergo mutations and slowly advance
over time [4].

However, it should be noted that most adenomas do
not progress to colon cancer, and the vast majority of
diminutive lesions (£ 5 mm) in the colon are non-adeno-
mas [5, 6]. This has led to debate in the medical commu-
nity about the size at which a colon lesion should be con-
sidered clinically important [7]. Most gastroenterologists
feel that the small lesions are probably not important if
routine screening is performed. Larger lesions (those over
5 mm) should be removed unless there are contraindica-
tions to endoscopy and polypectomy, or if the patient is
of an advanced age. Unfortunately, some colon cancers
develop very rapidly and would not be detected even with
the current screening techniques.

A number of screening options are available for the de-
tection of precursor adenomas in the colon. These include
fecal occult blood test (FOBT), sigmoidoscopy, double
contrast barium enema (DCBE), and colonoscopy [2, 8].
Both FOBT and sigmoidoscopy have been shown to de-
crease the morbidity and mortality of colon cancer [9,
10]. However, there is a growing consensus that a full
structural examination of the colon is warranted in order
to optimize colon cancer screening. This can be per-
formed by DCBE, colonoscopy, or CTC.

Complete colonoscopy allows the most thorough eval-
uation of the colon with the added benefit of the possi-
bility of biopsy or excision of suspicious lesions.
Colonoscopy is considered the reference standard for
colonic evaluation [2]. However, there are several impor-
tant limitations to the widespread use of screening
colonoscopy, including need for sedation, the potential
risk of perforation and bleeding (0.1-0.3%), costs of the
procedure including the need for sedation, failure to com-
plete the examination in 5-10% of patients, and an insuf-
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ficient workforce of trained endoscopists to meet in-
creased demand. Moreover, in an optimized study, the
sensitivity of CTC was superior to colonoscopy for de-
tecting adenomas over 10 mm [6]. Other studies have al-
so shown that CTC can detect larger lesions that were
missed at colonoscopy [5]. For these reasons, CTC is be-
ing further investigated and is being used clinically to
evaluate the colon for polyps and cancers.

(TC Technique

The technical aspects of CTC continue to evolve. What is
essential is that the colon needs to be cleansed, distend-
ed, and scanned with a low dose technique in both the
supine and prone positions.

Bowel Preparation

There are several techniques that may be used for bow-
el preparation, and there remains controversy as to how
to optimize patient preparation. The goal is to have a
well-prepared, well-distended colon that will facilitate
polyp detection and minimize false positive findings. A
clean, well-distended colon facilitates detection of col-
orectal abnormalities whether two dimensional (2D) or
3D techniques are used for data interpretation. More
importantly, it often maximizes our ability to differenti-
ate polyps, folds, and residual fecal matter within the
colon.

There are three commercially available bowel prepa-
rations in the U.S, which include cathartics such as
magnesium citrate and phospho-soda, and colonic
lavage solutions such as polyethylene glycol. In our ex-
perience, the polyethylene glycol preparation frequent-
ly leaves a large amount of residual fluid in the colon.
While this preparation is adequate for colonoscopy,
large amounts of residual fluid will limit the effective-
ness of CTC. With conventional colonoscopy, residual
fluid can be endoscopically aspirated from the colon.
With CTC, the examination is typically limited to only
two acquisitions, supine and prone. While supine and
prone imaging allows for fluid redistribution, this does
not ensure full mucosal evaluation if large amounts of
fluid are present. Regarding bowel preparation, poly-
ethylene glycol should be utilized in all patients with
substantial cardiac or renal insufficiencies. The poly-
ethylene-glycol preparation results in no fluid shifts and
no electrolyte imbalances. Therefore, it is safe to use in
these patients.

Some investigators have found that the use of intra-
venous (IV) contrast material may facilitate colorectal
polyp detection when large amounts of fluid are pre-
sent. Occasionally polyps are obscured by residual flu-
id. After IV contrast administration, a polyp will en-
hance, and it may become visible despite being sub-
merged in the fluid. The downsides of the routine ad-
ministration of contrast are the costs, the need for IV

access, and the risk of allergy from the iodinated con-
trast material.

Given the limitations of bowel preparation, including
poor patient compliance and reluctance, as well as resid-
ual fecal material that can make interpretation difficult,
the possibility of fecal and fluid tagging for CTC is be-
ing investigated. Fecal tagging is obtained by having the
patient ingest small amounts of barium or iodine with
their meals prior to imaging. The high attenuation con-
trast material will be incorporated within residual fecal
matter, facilitating differentiation from polyps. Some re-
searchers have advocated fecal tagging, since tagged fe-
cal matter should allow the improved differentiation of
residual stool from colorectal polyps.

Colonic Distension

After colonic preparation, the examination is ready to be
performed. Colonic distension should be performed en-
tirely by a trained technologist or a nurse. A radiologist
does not need to be present for high quality data acquisi-
tion to proceed. An experienced technologist or nurse is
required, thus minimizing radiologist time needed for da-
ta acquisition.

Immediately prior to data acquisition, the patient
should evacuate any residual fluid from the rectum.
Therefore, easy access to a nearby bathroom is essential.
For colonic insufflation, either room air or carbon diox-
ide (CO,) can be used. Room air is easy, clean, and in-
expensive to use. Proponents of CO, argue that because
it is readily absorbed from the colon it causes less cramp-
ing folowing the procedure than room air insufflation.
While initial discomfort is usually present with either
CO,; or room air, delayed cramping appears to be a less-
er problem with CO,.

The use of a bowel relaxant is controversial. Previous
data have shown minimal benefit to the routine use of IV
or intramuscular (IM) glucagon. We do not routinely use
a bowel relaxant. This minimizes cost and patient anxiety
since it does not necessitate the use of needles. Excellent
results have been achieved distending the colon without
the use of a bowel relaxant. A report from England
showed that hyoscine butylbromide improved colonic in-
sufflation and suggested that it should be routinely ad-
ministered when available [11]. However, this product
has not been approved by the FDA and is not available for
use in the United States.

Data Acquisition

Over the past decade, there have been three important
advances in CTC data acquisition, including reduction in
radiation exposure, improved CT slice profile, and short-
er acquisition times. These advances have been facilitat-
ed by the development and installation of multi-detector
row CT scanners. The scanners allow four to 64 slices to
be obtained in a single rotation of the X-ray tube.
Moreover, gantry rotation times have decreased so that
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now most CT scanners allow tube rotation in 0.5 seconds
or less. Multidetector row CT scanners allow large vol-
umes of near isotropic data to be acquired in a single
breath-hold.

Utilizing a 16 slice multidetector row CT scanner
with 0.75 mm thick collimation and a pitch of 1.5, the
same Z-axis coverage can be obtained in 15-20 seconds.
Data can be reconstructed as 1 mm thick sections over-
lapped every 0.75 mm. Using a 64-row multidetector
CT scanner, acquisition times are routinely less than 10
seconds.

The optimal slice profile for CTC has not been deter-
mined, but it is likely that data acquired with thin sec-
tions, approximately 1 mm, will improve sensitivity for
small polyps and specificity. Using a four-row scanner, a
1-1.25 mm detector configuration is recommended.
Others have advocated a 4 x 2.5 mm detector configura-
tion [12]. There are two benefits of the 2.5 mm detector
configuration. First, the mAs can be lowered and there is
an inherent decrease in radiation exposure at 2.5 mm,
when compared to 1 mm collimation on a four-row de-
tector system. In addition, there are fewer images that
need to be acquired.

Radiation Dose

When considering an imaging examination that utilizes
ionizing radiation for screening, exposure is a serious
concern. Radiation dose can be decreased at CT by in-
creasing pitch and slice collimation or by decreasing the
kVp or mAs. Absorbed dose and mAs values are direct-
ly proportional. Since there is extremely high tissue
contrast between insufflated gas and the colonic wall,
substantial reductions in mAs can be obtained without
sacrificing polyp detection. The increased noise result-
ing from acquisitions acquired with low mAs tech-
niques does not appear to affect polyp detection. In
2002, a study comparing CTC to colonoscopy in 105
patients showed that the sensitivity of CTC in detecting
10 mm polyps was less than 90% using an effective
mAs value of 50 [13]. The resultant effective dose for
the patient in both supine and prone imaging was 5.0
mSv for men and 7.8 mSv for women. The effective
dose utilizing this technique is similar to the dose re-
ported for a DCBE. Since that publication, several stud-
ies have shown that mAs values can be decreased even
further [12].

Data Interpretation

Once the colon has been cleaned, distended and scanned,
the data need to be interpreted. There are two primary
techniques for data interpretation: a primary 2D or a 3D
approach. In either case, the alternative viewing tech-
nique needs to be available for problem solving and to aid
in differentiating folds, fecal matter, and polyps.
Moreover, the interpreter needs to be familiar with a giv-
en workstation in order to optimize data interpretation.

Performance

Four large recently published studies have shown that
there continues to be variability in the reported sensitivi-
ty of CTC in detecting clinically significant colorectal
polyps [6, 14-16]. Moreover, as stated earlier, a meta-
analysis of published studies suggests that slice collima-
tion and a primary 3D technique may be important vari-
ables for sensitivity improvement (Table 1). Reader ex-
perience is also a factor, but cannot account for all the
variability [15]. We need to continue to study the reasons
for the variability in CTC sensitivity. In the future, as
computer-aided detection (CAD) improves, this may lead
to an improvement in overall sensitivity.

Indications for CTC

The indications for CTC continue to grow [17].
Indications with scientific validation include incomplete
colonoscopy and evaluating the proximal colon in pa-
tients with colonic obstruction. Other indications that
have received acceptance from the medical community
include patients who require a colon examination and
cannot have colonoscopy safely. These patient groups in-
clude patients on anticoagulants and with a prior adverse
event related to sedation. Data from the Pickhardt study
[6] supports a screening indication for CTC, but this re-
mains controversial. The use of CTC in symptomatic pa-
tients is also controversial, as many experts would rec-
ommend colonoscopy in these patients. As most colon
neoplasms are not associated with symptoms, it seems
reasonable to select symptoms as indications for a CTC
examination (anemia, change in bowel habits, abdominal
pain).

CTC is not appropriate in certain situations. There is
no clear data that CTC can successfully image patients
with inflammatory bowel disease. Further, patients with
acute gastrointestinal blood loss (most commonly due to
angiodysplasia and diverticular bleeding) are better im-
aged by colonoscopy. Patients with suspected diverticuli-
tis are well-served with a CT examination, but do not re-
quire the laxative preparation or colonic insufflation re-
quired with CTC.

Table 1. Summary, CTC sensitivity

Author #of Pts Sens<6 6-9mm >9mm
Rockey (2005) 614 - 60 64
Cotton (2004) 600 7.6 22.7 51.9
Macari (2004) 186 14.7 46.2 90.9
Van Gelder (2004) 249 40.6 76.7 77.8
lannaccone (2004) 203 87.1 100
Pickhardt (2003) 1233 83.6 92.2
Iannaccone (2003) 158 51.4 83.3 100
Johnson (2003) 703 47.1 46.3
Yee (2001) 300 66.9 81.8 92.7
Hara (1997) 25.9 57.1 70
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Pitfalls

Errors at CTC can be due to a multitude of factors. The
most common causes of error are related to technique,
experience/training, and lack of recognition of uncom-
mon but important presentations of polyps. Technical in-
accuracies are probably the most important cause of er-
ror, especially for larger lesions (1 cm or larger in diam-
eter) [18]. Every technical step must be carefully fol-
lowed in order to achieve a high-quality and accurate ex-
amination. The commonest problems are suboptimal dis-
tention and inadequate preparation of the colon.
Distention can be reliably achieved with the use of a me-
chanical insufflator, and a warning to and acceptance by
patients of a brief episode of discomfort during image
acquisition. The use of the spasmolytic butyl scopo-
lamine has also been shown to be effective in improving
distention. In patients with a colon segment that is poor-
ly distended in both the prone and supine position, a de-
cubitus view (usually right lateral decubitus) can be very
helpful [19]. Inadequate preparation of the colon can be
minimized by providing easily understood instructions,
and if possible an educational encounter with the patient
is recommended to ensure understanding about the tim-
ing and amounts of the various required preparatory
agents.

Experience and training are the keys to high-quality
interpretations [20]. Spinzi et al. has shown that inter-
preting at least 75 examinations is required for competent
interpretation [21]. Our experience has shown that most
individuals are not adequately trained after a weekend
course of lectures, including a 40-50 case hands-on ex-
perience. In testing readers for the National CT
Colonography Trial (ACRIN 6664), only one third of
readers were deemed expert at the end of a weekend
course. Most readers were able to perform at 60%-80%
sensitivity for large lesions after this amount of training.
Expertise requires additional experience, and review of
positive cases with emphasis on detecting the most diffi-
cult lesions.

Familiarity with the appearance of the most difficult
lesions [22], especially flat adenomas, is important in
order to achieve the highest performance rating [23,
24]. The most common errors that the novice reader
makes are misinterpreting a cancer as a segmental re-
gion of collapse. In addition, reporting polyps less than
5 mm in diameter is associated with an unacceptably
high false positive rate. We encourage our staff not to
report these biologically unimportant bumps of less
than 5 mm. The expert reader most commonly makes
mistakes by not recognizing a lesion that is seen in on-
ly a single position (either prone or supine). Experts al-
so tend to discount lesions as stool in segments of the
colon with suboptimal preparation. Both expert and
novice readers find flat lesions difficult to detect.
Lesions that have an irregular surface are also often
falsely considered as stool. Recognition that some ade-

nomas, especially villous adenomas, have an irregular
surface is important.

Tagging of stool should prevent many of these types of
errors in the future. Tagging, however, can induce other
errors. Tagging that is too dense can cause streak arti-
facts. In addition, barium tagging agents can adhere to
the wall of the colon and even cover polyps. It is impor-
tant to carefully inspect the wall beneath the barium
(whether in pools or as a circumferential coating). In
many instances a bone window setting is helpful to assess
the colon wall adjacent to high attenuation contrast ma-
terial. Pedunculated polyps can move within the colon lu-
men and resemble moving stool at first glance. It is im-
portant to search for the fixed attachment of the pedun-
culated polyp stalk to the colon wall.

Large lesions, especially those within the right and
transverse colon, can cause the colon to rotate as the pa-
tient is turned from supine to prone position [25]. The
sheer weight of the lesion and a loose colon mesentery
probably account for this occurrence. Therefore, if a large
lesion is seen in the dependent location of the colon on
both the supine and prone views, the filling defect is not
necessarily stool. First, a search should ensue to confirm
that the colon has rotated. This is straightforward in the
right colon, as the ileocecal valve can be easily identified,
and its position confirmed on both views. In other parts
of the colon this can be difficult. Second, the cleanliness
of the colon should be assessed. A filling defect in an oth-
erwise clean colon should be regarded as a real lesion.
Finally, if necessary, intravenous contrast material can be
administered [26]. All polyps 5 mm or larger will en-
hance at least two-fold following intravenous contrast
material. Untagged stool does not enhance. This can be
very helpful in selected patients with a confusing filling
defect. Intravenous contrast material can also be helpful
in patients with a large amount of residual colonic fluid
that cannot be moved between imaging positions if the
patient did not receive a tagging agent. If stool and fluid
tagging is utilized, IV contrast material could actually ob-
scure a lesion.

The Unprepared Colon

Nearly all of the work on CTC to date has revolved
around the laxative-prepared colon. As the promise of
this technique is being realized, it is possible that com-
pliance with colorectal screening guidelines will not im-
prove appreciably even if CTC becomes widely accepted
and available. The single biggest obstacle to guideline
compliance is the inconvenience and discomfort associ-
ated with laxative purgation. If the laxatives could be ex-
cluded from the preparation, this would most likely result
in improved compliance. Preliminary work in this field is
encouraging. The basis for a laxative-free examination is
the ability to adequately tag the stool in the colon.
Theoretically, if the attenuation of the stool is changed
significantly from soft tissue, a computer could electron-
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ically remove the tagged stool, leaving a dataset similar
to the cathartic-cleansed colon. Ideally, this would be
done without dietary modification or disruption of
lifestyle. Callstrom and colleagues [27] demonstrated
that stool can be adequately tagged without dietary mod-
ification using barium liquid in divided doses (adminis-
tered at meals and at bedtime) over 48 hours. Other in-
vestigators have confirmed these findings with some
modifications. Lefere [28] has worked on dietary restric-
tions using a low fiber diet combined with barium to cre-
ate low volume well-tagged stool. In these cases, the
colon can be examined without electronic cleansing.
Zalis [29] has utilized iodinated contrast material to cre-
ate uniform stool labeling and effective stool subtraction.
Iannaccone [30] demonstrated that large doses of oral io-
dinated contrast material without subtraction can result in
polyp detection similar to the cleansed colon. One issue
that needs to be better understood is the common associ-
ation of diarrhea with iodinated contrast material and its
effect on patient compliance for colorectal screening.
Clearly, the feasibility of examining the non-cathartic
prepared colon has been proven. Once the technical is-
sues are agreed upon, a new wave of CTC will occur with
the promise of a full structural examination without the
burden of the laxative preparation.

Quality Improvement

Radiologists must take an active role in monitoring and
improving their individual practice. Regular assessment of
the adequacy of patient preparation, distention and tag-
ging should be performed. Further, a log of all cases that
are referred to colonoscopy should be performed to assess
true and false positives. A simple quality assessment form
to be completed after each examination and collated by an
assistant can be easily implemented without disruption of
clinical workflow. Regular review of all data should be re-
quired. Sharing of problems and insights among col-
leagues can lead to improvements throughout the practice.

In summary, CTC is an exciting technique for the de-
tection of colorectal neoplasia. Careful attention to the
technical requirements of the examination (patient prepa-
ration, insufflation, data acquisition, reader training and
interpretation methodology) is required for a high-quali-
ty examination. Performance data indicates that CTC has
the potential to detect colorectal polyps with the same
sensitivity and specificity as colonoscopy. The indica-
tions for the examination are growing, but patients with
inflammatory bowel disease and active gastrointestinal
hemorrhage should be examined with colonoscopy.
Common pitfalls include the lack of attention to the tech-
nical aspects of the exam, adequate training and experi-
ence, and familiarity with the appearance of flat adeno-
mas. CTC without laxative purgation will likely occur
rapidly after the technical requirements of this examina-
tion are confirmed. Radiologists must commit them-
selves to a vigilant CTC quality assessment program to
maintain high standards of care.
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Introduction

Modern imaging technology has allowed imaging of the
liver to excel in ways not dreamed possible just ten or
15 years ago. It is imperative for radiologists to be
aware of new capabilities and opportunities for evaluat-
ing liver disease by imaging. Imaging of the liver, sim-
ilar to other organs, runs the gamut from the detection
of anatomic variations and congenital anomalies, visu-
alization of vascular disease, detection, characterization
and staging of liver tumors and infections, and evalua-
tion of trauma and post-surgical changes. Differing
modalities and the understanding of different imaging
techniques, including contrast utilization, is essential to
optimize patient diagnoses.

In the current environment of cost containment, the
most appropriate modality should be chosen to answer
the clinical question. Ultrasonography (US) is widely
available and is the most inexpensive modality for imag-
ing the liver parenchyma. However, it is limited by low
sensitivity and specificity. Contrast-enhanced computed
tomography (CT) has emerged as the modality of choice
for routine liver imaging. Magnetic resonance (MR)
imaging is used primarily as a problem solving tech-
nique for liver evaluation when CT or US are equivocal.
The present chapter highlights imaging of hepatic
parenchymal diseases focusing on CT and MR, but in-
cluding US and scintigraphy in selected cases. Course
participants should gain an understanding of how these
liver diseases appear at CT and MR and learn how to
optimize contrast enhancement techniques and diag-
noses by learning the impact of timing in the different
phases of contrast enhancement after intravenous (iv)
injection of contrast agents. The relative performance of
different imaging modalities in diagnosing liver dis-
eases will be compared.

Imaging Techniques
The advent of multidetector CT resulted in the concept of

organ imaging in multiple planes, rather than single se-
quential slices. Thus, with multi-detector systems of

more than 40 channels, one can image the entire ab-
domen in less than ten seconds, and the liver in five sec-
onds or less, using the thinnest detector configuration of
less than a millimeter, maximizing multiplanar recon-
struction capabilities. When viewed electronically, recon-
structed sections of 3-5 mm are preferred in order to re-
alistically view these images. Timing of image acquisi-
tion in relation to contrast material administration de-
pends on whether one needs to image during early arter-
ial phase (for arterial anatomy), late arterial phase (for
hypervascular tumor detection/characterization) or portal
venous phase (for most routine imaging and hypovascu-
lar tumor detection). Typically, 42-45 g of iodine should
be administered, which can be accomplished with 120-
150 ml of contrast, depending on concentration. We ad-
minister contrast at 3 cc/sec when only portal phase
imaging is to be done, and at 5 cc/sec for arterial phase
imaging, with timing at 20 sec for early arterial phase (ar-
terial mapping) and 30-35 sec for late arterial (tumor vi-
sualization). Timing of portal phase imaging varies de-
pends on the rate of infusion and patient’s fluid volume
status and vascular circulation time (approximately 70
sec for 3 cc/sec, and 60 sec for 5 cc/sec). The choice of
combinations of these phases of imaging depends on the
individual indication [1, 2].

MR examination of liver includes sequences providing
T1, T2, and with contrast enhancement. Specific pulse se-
quences depend on the make of the scanner, patient com-
pliance and the clinical question being addressed [3]. In-
and out-of-phase T1 imaging is recommended to allow for
maximal tumor detection and characterization of fat. In
general, dynamic imaging with extracellular gadolinium-
based contrast agents is used for lesion characterization
and detection of tumors in a setting of cirrhosis, and tis-
sue-specific agents are also used to maximize detection of
metastases in a non-cirrhotic liver [4, 5].

US can be performed with and without the use of con-
trast agents, which otherwise improve lesion detection
and characterization, while scintigraphy may be used in
selected cases for differentiation of benign and malignant
tumors. However, new MR hepatocyte specific agents
can perform this function as well, avoiding additional
imaging tests.
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Benign Hepatic Tumors

Hemangioma is the most common benign liver tumor. It
is composed of multiple vascular channels lined by a sin-
gle layer of endothelial cells. The size may vary from a
few millimeters to more than 10 cm. If they are larger
than 10 cm in diameter, hemangiomas are designated gi-
ant hemangiomas. In over 50% of cases, more than one
hemangiomas is present.

US of a typical hemangioma shows a sharply circum-
scribed, well-defined hyperechoic lesion with distal
acoustic enhancement (Fig. 1). However, about 20% of
hemangiomas lack this typical appearance.

On CT, hemangiomas are sharply defined, hypodense
masses compared to the adjacent hepatic parenchyma on
unenhanced images. They have a distinctive enhancement
pattern characterized by sequential contrast opacification
beginning at the periphery as one or more nodular or glob-
ular areas of enhancement, and proceeding toward the cen-
ter. The key factor is that all areas of lesion enhancement
should appear with the same enhancement as blood pool
elsewhere (Fig. 2). MRI is useful in differentiating heman-
giomas from malignant hepatic neoplasms, based on very
long T2 relaxation of the hemangioma compared with oth-
er hepatic masses. Other characteristic MRI features in-
clude a sharp margin and internal homogeneity. Similar to
CT, key to diagnosis is typically early enhancing peripher-
al nodular enhancement on dynamic T1 images, with pro-
gressive fill-in on delayed images on dynamic gadolinium-
enhanced MRI. However, in some cases, hemangiomas
may be atypical. With both CT and MRI it is important to
remember that central fibrous scarring prevents some large
lesions from completely enhancing in this dynamic
process. Furthermore, on MR images some giant heman-
giomas of the liver may show a rim of low signal corre-
sponding to a rim of high density on CT related to hemo-
siderin deposits. Other atypical hemangiomas may have
high blood flow due to arteriovenous shunting [6-9].

TIS 015
(TIB G.5)
CX5-2/1.8
Abd-std
100% |
24dB | ZD3
13.0ch 5B/s
| z

THI
PF2.8MHz
PRFBGEHEZ
F-Niedrig

- .';s__sas | ZzD4

Fig. 1. Hemangioma, typical hyperechoic appearance at color
Doppler sonography. Note central hypoechoic structures due to
scar formation

Fig.2. Spiral CT of hemangioma. a Arterial phase image shows pe-
ripheral enhancement. b Note peripheral nodular enhancement dur-
ing portal venous phase (arrow). ¢ Delayed phase shows contrast
enhancement of the whole lesion, except for central scar (arrow)

Focal Nodular Hyperplasia (FNH) is a benign tumor
of the liver, most likely caused by a hyperplastic response
to a localized vascular abnormality. FNH reveals the non-
specific findings of an ill-defined lesion on US. The cen-
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tral scar may be detected as a hyperechoic area, but often
cannot be differentiated from other areas of hyperechoic
or isoechoic appearance. The use of color flow Doppler
US demonstrates blood vessels within the scar. Due to the
prominent arterial vascular supply, FNH undergoes
marked homogenous enhancement during the arterial
phase of contrast-enhanced CT [10], except for the scar,
which often enhances on delayed scans. On unenhanced
MR images, FNH often has signal intensity characteris-
tics close to hepatic parenchyma, but usually slightly dif-
ferent on either T1 or T2 images. The central scar is most
often hypointense on T1-weighted images and hyperin-
tense on T2-weighted images. Gadolinium-enhanced
MRI reveals enhancement similar to that observed with
contrast-enhanced CT. One key feature is that, other than
the scar, these lesions tend to be very homogeneous in ap-
pearance. Additionally, FNH shows enhancement on de-
layed images after administration of hepatobiliary con-
trast agents such as Gd-EOB-DTPA or mangafodipir
trisodium (Primovist®, Teslascan®) and signal loss after
administration of RES agents such as superparamagnetic
iron oxide (SPIO) [4, 11]. This uptake parallels uptake of
Tc-99m sulfur-colloid in scintigraphy and is a useful tool
for characterization.

Hepatocellular Adenoma (HA) is an uncommon be-
nign, but pre-malignant neoplasm with non-specific US
findings. Pathologically, most HAs are large (usually >
10 cm), solitary lesions with a smooth, thin tumor cap-
sule, often rich in fat and void of portal tracts but con-
taining RES cells. Intratumoral hemorrhage can produce
areas of infarction and fibrosis.

CT and MRI appearances of HA are also non-specif-
ic. On unenhanced CT images, the lesion may be hypo-
dense due to the presence of fat, old necrosis or hemor-
rhage, or it may be hyperdense owing to recent hemor-
rhage or large amounts of glycogen. Substantial enhance-
ment during the arterial and early portal venous phases of
contrast enhancement may be noted. On MRI, most le-
sions are heterogeneous in signal intensity, with a major-
ity being hyperintense on T1-weighted images and isoin-
tense or hyperintense on T2-weighted images [12]. On
out-of-phase or fat-suppressed MR images, hepatic ade-
nomas may appear hypointense compared to the liver
(Fig. 3). On dynamic contrast-enhanced gradient echo
imaging, adenomas usually appear hyperintense com-
pared to hepatic parenchyma. Like focal nodular hyper-
plasia, HAs may show delayed enhancement with hepa-
tobiliary contrast agents but opposite to FNH wash-out
effects on very late images taken 1-3 hours after the in-
jection of, for example, Gadobenate Dimeglumine
(MultiHance) [19]. After administration of SPIO, HA
may show uptake within the lesion and therefore signal
loss on T2-weighted MR images [13].

Hepatic cysts are common liver lesions, with an inci-
dence between 5 and 14% in the population, with a high-
er prevalence in women. At US, hepatic cysts are ane-
choic. On CT scans, hepatic cysts appear as well-circum-
scribed, homogeneous masses of near-water attenuation

Fig. 3. MRI of hepatic adenoma. a On T1-weighted image the le-
sion is iso- to slightly hyperintense (arrow). b T1-weighted out-of-
phase image shows the lesion as hypointense area due to fat con-
tent within the adenoma

value (< 20 Hounsfield Units [HU]), that shows no con-
trast enhancement after iv contrast material administra-
tion. Small lesions may appear to have higher density be-
cause of partial volume averaging. An US evaluation is
usually helpful in demonstrating the cystic character of
the mass. On MRI, they are well-defined, homogeneous
lesions that are hypointense on T1-weighted images and
on US they are anechoic and markedly hyperintense on
heavily T2-weighted images. Abscess, hydatid cyst, intra-
hepatic biloma, and cystic neoplasms may be distin-
guished from simple cysts by virtue of features such as a
thick, irregular wall, mural nodules, internal septations,
or density greater than 20 HU [14].

Other Benign Tumors

Rare benign liver tumors which contain fat, include lipo-
ma, angiomyolipoma, myelolipoma, and angiomyelolipo-
ma. The imaging diagnosis of these uncommon benign
tumors is based on the identification of fat within the
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mass [15], although caution is advised, since hepatic ade-
noma and hepatocellular carcinoma can also contain fat.
More commonly, focal fatty infiltration, while not a neo-
plasm, can simulate a mass lesion, and this can be cate-
gorized by in- and out-of-phase T1 MR imaging. Small
biliary hamartomas can be seen in the liver, and can ap-
pear cystic. These are usually less than 5 mm in diame-
ter, but occasionally can simulate small neoplasms.

Malignant Primary Tumors

Hepatocellular Carcinoma (HCC) is the most common
abdominal tumor worldwide, primarily found in Asian
and Mediterranean populations. In European countries,
HCC is found mostly in patients with liver cirrhosis or

Fig. 4. Spiral CT of small HCC. a Unen-
hanced CT shows only changes of cirrhosis
with nodular contour to liver. b Arterial
phase image shows small enhancing HCC
nodule (arrow) seen only on this phase of
imaging. Note that this is a late arterial phase
image, as evidenced by early enhancement in
portal vein (P) and inferior vena cava (). ¢
Portal venous phase image shows wash-out
of contrast in tumor such that the lesion is
again isointense with liver. d Pathology
specimen confirming small HCC with sur-
rounding fibrous capsule

hemochromatosis. HCC consists of abnormal hepato-
cytes arranged in a typical trabecular, sinusoidal pattern.
It may be solitary, multifocal, or diffusely infiltrating. US
may show HCC as an iso-, hypo- or hyperintense lesion.
The capsule appears as a hypoechoic rim surrounding the
lesion. Using new contrast agents for US, such as
Echovist® and others, the degree of vascularity within the
tumor can be demonstrated.

Most HCCs are hypodense when visualized on plain
CT images. Due to their predominant arterial supply,
HCC are seen as transiently hyperdense masses in the ar-
terial phase of hepatic enhancement (Fig. 4). They be-
come isodense with hepatic parenchyma or hypodense in
the portal venous phase of enhancement. On delayed im-
ages, the capsule and septa demonstrate prolonged en-
hancement, whereas contrast wash-out from the tumor
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makes the lesion again appear hypodense. Contrast-en-
hanced CT is capable of showing the vascular invasion
and arterioportal shunting associated with HCC.
Diffusely infiltrating and small HCCs in cirrhosis may be
difficult to detect with CT. Since HCC lesions are typi-
cally hypervascular with a primarily arterial blood supply,
‘tumor seeking agents’ such as lipiodol can be injected
angiographically via hepatic arteries for improved detec-
tion of small nodules on lipiodol-enhanced CT performed
4-7 days after application of the contrast medium.
Furthermore, in combination with cytostatic drugs, lipi-
odol can be used for chemo-embolization of HCC. Larger
HCC lesions typically have a mosaic appearance due to
hemorrhage and fibrosis [16]. Also, about 10% of small
HCC can appear hypodense compared to liver, and are
thus thought to be well-differentiated lesions.

Typical MRI findings of HCC include a capsule, cen-
tral scar, intratumoral septa, daughter nodules, and tumor
thrombus. While most large HCC are hyperintense on T2-
weighted images, small lesions less than 2 cm are often
isointense, with the spectrum including a hypointense ap-
pearance. On T1-weighted images, HCC has variable sig-
nal intensity relative to hepatic parenchyma. A tumor
capsule may be seen on T1-weighted images (Fig. 5).
HCCs characteristically show early peak contrast en-
hancement, and absent or minimal delayed enhancement
[17], and delayed images most often exhibit a tumoral
wash-out on T1 images appearing hypointense. These en-
hancement features are useful in differentiating HCC
from hemangioma, which generally shows early periph-
eral enhancement, marked peak enhancement more than
2 minutes after injection, and marked delayed enhance-
ment at 10-12 minutes. HCC may show enhancement on
delayed images after mangafodipir administration.
However, such enhancement is not specific for HCC and
can be seen with other primary hepatocellular tumors,
such as FNH and adenoma, and also with hepatic metas-
tases from hypervascular tumors.

Fibrolamellar hepatocellular carcinoma is a less ag-
gressive tumor with a better prognosis than HCC. It con-
sists of malignant hepatocytes separated into cords by fi-
brous strands. On CT, fibrolamellar HCC appears as a
large, well-defined vascular mass with a lobulated sur-
face and often a central scar. On MRI, fibrolamellar HCC
appears hypointense on T1-weighted images and hyper-
intense on T2-weighted images, with the central scar be-
ing hypointense on both sequences. The scar in FNH is
hyperintense on T2-weighted images and shows delayed
enhancement, whereas that in fibrolamellar HCC has
been reported to be hypointense on T2-weighted images
with less often delayed enhancement [18]. In contrast to
the homogeneous appearance of FNH, these lesions are
more often characterized as heterogeneous in appearance
following contrast administration.

Other uncommon malignant primary tumors of the liv-
er include intrahepatic cholangiocarcinoma, biliary cys-
tadenocarcinoma, hepatoblastoma, primary lymphoma of
liver, epithelioid hemangioendothelioma, angiosarcoma,

connective tissue sarcoma and undifferentiated embryon-
al sarcoma. Cholangiocarcinoma can be suggested when
marked delay retention of iodinated or gadolinium based
contrast is seen at 8-10 minutes post administration, and
is due to the fibrous content of tumors [19]. Angio-

Fig.5. MRI of HCC. a
T1-weighted GRE
scan shows the tumor
isointense to liver and
delineates a hypo-
intense capsule (ar-
row). b T2-weighted
images with signs of
necrosis within the tu-
mor. ¢ Pathology
specimen confirming
a surrounding fibrous
capsule (arrow)
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sarcoma can have a variety of appearances, and may
rarely simulate hemangioma, although usually either its
diffuse nature or contrast characteristics do not match
blood pool, allowing for a proper diagnosis [19].

Hepatic Metastases

At US, metastases may appear hypoechoic, isoechoic or
hyperechoic in echogenicity. On a dynamic contrast-
enhanced CT study, most metastases appear hypovascular
and hypodense relative to liver parenchyma on portal ve-
nous phase. Hypervascular metastases, most commonly
seen in renal cell, pancreatic islet cell tumors, sarcomas
and breast tumor patients, may become isodense and may
be difficult to detect during the redistribution phase of
enhancement. These hypervascular metastases are more
easily identified during the hepatic arterial phase of en-
hancement. At MRI, metastases are usually hypointense
on T1-weighted images and hyperintense on T2-weighted
images [20]. Peritumoral edema makes lesions appear
larger on T2-weighted images and is very suggestive of a
malignant mass [21]. High signal intensity (SI) on T1-
weighted sequences has also been described and is pre-
sumably related to the internal content of a paramagnet-
ic substance (Table 1). Some lesions may have a central
area of hyperintensity (‘target sign’) on T2-weighted im-
ages, which corresponds to central necrosis. Metastases
from colorectal carcinoma may reveal low signal intensi-
ty central areas relative to the higher intensity tumor edge
on T2-weighted images (‘halo sign’). On dynamic con-
trast-enhanced MRI, metastases demonstrate enhance-
ment characteristics similar to those described for CT.
Metastases may demonstrate a hypointense rim compared
with the center of the lesion on delayed images (‘periph-
eral wash-out’ sign). Most recent studies have shown
MRI to be more sensitive than contrast-enhanced CT
(Fig. 6) for the detection of hepatic metastases [22].

Hepatic Abscesses

Abscess appearances can vary depending on etiology
(peribiliary abscesses tend to be small and scattered ad-
jacent to the biliary tree; portal distribution of infection
from appendicitis or diverticulitis tends to lead to larger
cystic lesions).

Table 1. MR features

T1-weighted hyperintense Probable cause of hypertensity
lesions

Melanoma metastases Melanin, extracellular methemoglobin

Colonic adenocarcinoma  Hemorrhage or coagulative necrosis

Ovarian adenocarcinoma  Protein
Multiple myeloma Protein
Pancreatic mucinous Protein

cystic tumor

Fig. 6. Liver metastases from breast cancer. a Contrast enhanced
Spiral CT. b SPIO-enhanced T2-weighted MR image, note the im-
proved detection and delineation of the metastases (arrow)

US reveals a cystic lesion with internal echoes. On CT,
hepatic abscess appears as a hypodense lesion with a cap-
sule that may show enhancement. ‘Cluster sign’ may be
noted as focal clusters of lesions when multiple abscess-
es are present [23]. The CT appearance of hepatic abscess
is non-specific and can be mimicked by cystic or necrot-
ic metastases. Though present in only a small minority of
cases, presence of central gas is highly specific for ab-
scess. On MRI, hepatic abscesses are hypointense relative
to liver parenchyma on T1-weighted images and marked-
ly hyperintense on T2-weighted images, often surround-
ed by a local area of slight T2 hyperintensity representing
perilesional edema.

The CT appearance of amebic liver abscess is non-
specific. It usually appears as a solitary, hypodense lesion
with an enhancing wall that may be smooth or nodular,
often associated with an incomplete rim of edema. With
MRI, the lesions are hypointense on T1-weighted images
and heterogeneously hyperintense on T2-weighted im-
ages [24].
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Table 2. Classification of common hepatic neoplasms

Cell Type Benign Malignant
Cholangiocellular  Hepatic cysts Biliary cystadenocar-
Biliary cystadenoma cinoma
Bile duct adenoma Cholangiocarcinoma
Hepatocellular Hepatocellular Hepatocellular
adenoma carcinoma
Focal nodular Fibrolamellar hepato-
hyperplasia cellular carcinoma
Nodular regenerative
hyperplasia
Adenomatous hyper-
plasia
Mesenchymal Mesenchymal Angiosarcoma
hamartoma Connective tissue
Hemangioma sarcoma
Infantile hemangio-  Undifferentiated
endothelioma embryonal sarcoma
Lymphangioma
Lipoma, angiomyo-
lipoma
Leiomyoma
Fibroma
Miscellaneous - Metastasis
Lymphoma
Hepatoblastoma

On CT scan, involvement of liver by Echinococcus
granulosus (hydatid cyst) appears as unilocular or multi-
locular cysts with thin or thick walls, usually with the
daughter cysts seen as smaller cysts with septations at the
margin of mother cyst. On MRI, the presence of a hy-
pointense rim on T1- and T2-weighted images and a mul-
tiloculated appearance are considered to be important di-
agnostic features [25].

Diffuse Liver Disease

Fatty liver (hepatic steatosis) may be associated with a va-
riety of clinical disorders. US shows a diffuse or focal in-
crease in the echogenicity of the liver. Increased fat con-
tent produces a decrease in mean hepatic CT attenuation
value [26]. Milder degrees of diffuse fatty change can be
diagnosed when the attenuation value of the liver is less
than that of the spleen on plain study. Fatty liver may be
more difficult to diagnose on scans obtained after admin-
istration of iv contrast material. Focal fatty infiltration fre-
quently has a segmental or wedge-shaped configuration
and characteristically produces no mass effect or bulging
of the hepatic contour. In addition, it is simpler to diag-
nose when it occurs in typical locations such as adjacent
to the gallbladder fossa. Normal coursing of hepatic ves-
sels can often be seen in the affected area. MRI is ex-
tremely useful in providing definite diagnosis when the
CT scan is equivocal. Proton chemical shift imaging tech-

niques (in- and out-of-phase imaging) can readily diag-
nose focal and diffuse fatty infiltration [27].

The role of imaging in cirrhosis is to identify effects of
portal hypertension and to detect HCC. The liver in early
cirrhosis often has a normal appearance on CT. Early CT
features include hepatomegaly and heterogeneity of hepat-
ic parenchymal attenuation. Advanced cirrhosis is charac-
terized by decreased hepatic volume with prominence of
the porta hepatis and intrahepatic fissures, decreased size
of the right hepatic lobe and medial segment of the left
lobe, with a corresponding relative increase in the size of
the caudate lobe and left lateral segment [28]. Regenerative
nodules are seen on CT in those patients with siderotic
nodules (dense on unenhanced CT, and signal void on
MRI) and are better appreciated on MRI than on CT due
to greater MR susceptibility to iron [29]. Dysplastic nod-
ules (DN) represent a continuum and transition between
regenerative nodules and HCC, and therefore is an impor-
tant imaging diagnosis. When large, they are characteristi-
cally hyperintense on T1-weighted images and hypointense
on T2-weighted images. On the contrary, HCCs generally
appear iso- or hyperintense on T2-weighted images.
Unfortunately, all small DNs and many large DNs have no
characteristic appearance and are often not visualized.
Although early enhancement on dynamic enhanced MRI
may help in reliably distinguishing HCC from DN, some
DN will exhibit marked contrast enhancement.

In patients being screened for cirrhosis and possible
transplantation, 10-20% of patients harbor a HCC (high-
er rates for patients with hepatitis B and C), and arterial
phase imaging is the only methodology that with high
sensitivity (70-80%) can detect these patients [30].
Caution is recommended, however, as it is now known
that many small benign lesions can enhance and simulate
HCC, most prominently in patients with hepatic vascular
disorders, particularly Budd-Chiari [31, 32]. Probably the
best approach to a patient with just one or a few small en-
hancing nodules is to take the same approach as upon vi-
sualizing a lung nodule in a cancer patient - suspicious
but not definitive.

Of the myriad of lesions simulating HCC in cirrhosis
(arteriovenous [AV] malformation, small hemangiomas,
infracted regenerative nodules among the less common),
the most common and problematic lesions, that can en-
hance are enhancing benign or dysplastic regenerating
nodules (usually small, but not always) and focal conflu-
ent fibrosis [32]. Key to the latter diagnosis is the char-
acteristic finding of associated overlying capsular retrac-
tion, and characteristic locations and shape (wedge
shaped, radiating to porta hepatic).

Extrahepatic imaging features of cirrhosis are ascites,
splenomegaly and portosystemic collateral vessels.

Differential Diagnosis

The approach to characterizing a focal liver lesion seen
on CT begins with the determination of its density. If the
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lesion is of near water density, homogenous in character
and has sharp margins, then a cyst should be considered
and can be confirmed with an equilibrium phase CT, US
or MRI (T2 bright and non-enhancing post gadolinium).

If the lesion has some enhancement, then the next
analysis requires a determination of whether the en-
hancement is peripheral and nodular, with the density of
the lesions appearing similar to density of blood vessels.
In this case, a hemangioma may be diagnosed with con-
fidence. On the other hand, thick irregular, heterogeneous
enhancement suggests a malignant mass.

Arterially enhancing lesions include FNH, hepatocel-
lular adenoma, HCC and metastases from carcinoid,
melanoma, renal cell carcinoma, breast, sarcoma and islet
cell tumor. In general, HCC is considered when there is
a setting of cirrhosis, while FNH is considered in young
women and hepatic adenoma in patients on oral contra-
ceptives, anabolic steroids or with history of glycogen
storage disease.
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Introduction

The incidence of pancreatic inflammation in the western
world ranges from 110-240 cases/million. In about 80%
of these cases the reason for the disease is an undetected
gall stone or alcohol abuse. While in men 30-50 years of
age alcohol is the main reason, gall stones are predomi-
nantly responsible for the onset of the disease in women.
Nevertheless, there are many other factors that cause pan-
creatitis (Table 1).

The manifestations of pancreatitis range widely, from
forms that are mild and self-limiting, to severe, lethal
forms in acute pancreatitis, to forms with permanent loss
of exocrine and/or endocrine function, as seen in chronic
pancreatitis [1-5].

In clinical reality, it can be difficult to differentiate cystic
changes of the pancreas from cystic tumors, and chronic pan-

Table 1. Potential factors causing pancreatitis

creatitis (CP) from pancreatic cancer, due to their similarity
in imaging presentation. The differential diagnosis is of ut-
most importance as these conditions have significantly dif-
ferent management and prognoses. The differential diagnoses
in terms of solid and cystic tumors will be discussed in
‘Diseases of the Pancreas, Part II: Tumors’, by Ruedi Thoeni.

Acute Pancreatitis

Acute pancreatitis (AP) is defined as an inflammatory
process involving a gland that is normal prior to the at-
tack, and which returns to normal once the derangements
that precipitated the attack have been corrected.

AP is a common problem with a rising incidence in the
western world — in the US there are about 200,000 ad-
missions/year and about 10,000 deaths/year.

Metabolic Alcohol

Drugs (e.g. glucocorticosteroids, azathioprine, hydrochlorothiazide, furosemide, sulfonamides, estrogens,
pentamidine, didanosine (DDI), valproic acid)

Hypertriglyceridemia
Hyperalimentation with lipids
Hypercalcemia
Hyperparathyroidism

Mechanical/obstructive Gall stones

Tumours (pancreas CA, common bile duct CA, TU of the ampulla and duodenum, metastases)

Sphincter of Oddi Dysfunction
Post upper gastorintestinal surgery
Post endoscopy

Post abdominal trauma

Duodenal obstruction/scar (e.g. after ulcer disease)

Infectious Mumps

Coxsackie virus infection

Ascaris infection with mechanical component

Vascular Panarteriitis nodosa

Post cardiac and pulmonary surgery

Severe arteriosclerosis

Other Hereditary, idiopathic

Anomalies (pancreas divisum, anulare)

Autoimmune
Scorpion sting/gila monster bite
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AP is more often seen in the elderly population (50-60
years of age). The most common causes of AP are
cholelithiasis (75%) and alcohol abuse (15%). Other
causes are metabolic disorders (e.g., hypercalcemia, hy-
perlipidemia Type I and V), infections (e.g., parasites, he-
patitis, HIV), trauma (e.g., penetrating ulcer, abdominal
surgery, endoscopic retrograde cholangiopancreatogra-
phy [ERCP]), drugs (e.g., azathioprine, furosemide, sul-
fonamides, steroids), and structural abnormalities (e.g.,
pancreas divisum, choldeochocele). In 10-15% of pa-
tients no obvious cause can be found, however, biliary
microlithiasis might be the most likely cause in these cas-
es (Table 1).

From a pathophysiological point of view, the most
likely factors for the sudden onset of AP are: (1) pancre-
atic hypersecretion, (2) intra- and extravasation of pan-
creatic secretions, and (3) premature activation of pan-
creatic enzymes followed by autodigestion and necrosis
of the pancreatic gland and peripancreatic tissues.

From the clinical point of view, AP can be divided in-
to a mild and severe form almost paralleled by the patho-
physiological finding of an interstitial (edematous) and
necrotizing form [6, 7].

The mild form of AP (approximately 50% of the cas-
es) is characterized by mild symptoms and transitory el-
evation of amylase levels that recover rapidly without
complications. In general, the gland may be enlarged due
to a moderate edema, and peripancreatic fluid collections
can be present; however, in 30% of the cases no mor-
phological changes can be appreciated. In cholelithiasis,
a segmental pancreatitis — mainly of the pancreatic head —
is found in up to 20% of cases (Fig. 1).

While ultrasound (US) may reveal a normal to mildly
enlarged gland with homogeneous (hypoechoic)
echogenicity, sufficient visualization by US is possible in
only 60-70% of cases. In contrast-enhanced computed to-
mography (CT) as well as in magnetic resonance imag-

Fig. 1. CT in acute biliary pancreatitis. Edematous enlargement of
the pancreatic head, exudation surrounding the duodenum and
along the pararenal fascia. The reason for the acute panceatitis is a
biliary stone ‘trapped’ in the ampullary region (arrow)

ing (MRI) (which is, in general, not necessary), the gland
is diffusely enlarged and a small amount of fluid can be
seen outlining the gland. Moreover, imaging is needed to
rule out other underlying conditions that can be accom-
panied by hyperamylasemia, such as bowel obstruction,
bowel infarction, gangrenous cholecystitis or perforated
ulcers.

In the progressive mild to moderate forms of AP the
contour of the gland becomes shaggy. On CT and MRI,
the appearance of the parenchyma may get heterogeneous
and small intraglandular and/or retroperitoneal fluid col-
lections adjacent to the organ may develop (Fig. 2).

The severe forms of pancreatitis are determined by a
delayed or no response to conservative therapy or even
deterioration under therapy. The mortality rate at the lat-
ter stage is almost 100%.

Fig.2. MRI in acute pancreatitis after cholecystectomy and recon-
struction of the extrahepatic common bile duct. The side branches
of the pancreatic duct are slightly dilated (arrows). a A small flu-
id rim on the anterior renal fascia can be appreciated on the T1-
weighted gradient-echo image. b The heavily T2-weighted image
reveals fluid outlining the pancreatic gland and the slightly dilated
pancreatic duct. Note the moderate stenosis (arrowhead) of the
common bile duct (CBD) after surgical reconstruction
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Typical findings in severe (necrotizing) AP are varying
degrees of parenchymal necrosis accompanied by pro-
gressive exudation, superinfection of necrotic tissue, he-
morrhage, abscess formation, phlegmon (~ inflammatory
pannus), and vascular erosion (Fig. 3b).

According to these pathomorphological conditions,
the pancreas and its surroundings present a rather wide
spectrum of imaging findings. In severe cases, US imag-
ing is often compromised by overlying gas, peripancreat-
ic exudation and phlegmoneous changes. After necrosis,
the pancreatic appearance becomes increasingly hypoe-
choic without differentiation of vital from necrotic tissue.
Therefore, US is generally used for second line, comple-
mentary imaging in follow-up to detect fluid formations
such as pseudocysts.

Parenchymal necrosis is best displayed on contrast-
enhanced CT during at least the portal venous phase.
Characteristic findings are patchy areas of lack of en-
hancement, (pseudo) fragmentation, and liquid necroses.
Additionally, increasing peripancreatic exudations dis-

Fig.3. Acute severe pancreatitis. a At the patient’s admission, con-
trast-enhanced CT during the venous phase displayed a fuzzy con-
tour of the pancreatic gland together with peripancreatic exudation
(arrow). Note the hypo- and hyperdense hepatic lesions (arrow-
heads). b A control scan 10 days later revealed an almost normal
gland with resorption of the peripancreatic fluid. However, there
was an area with a lack of enhancement representing focal necrosis
(large arrow). In the liver, one lesion turned out to be a heman-
gioma (arrow) while the other two lesions were small abscesses

secting along retroperitoneal fascial planes into the
mesocolon and the small bowel mesentery are frequent-
ly seen, as well as peripancreatic inflammatory tissue
(phlegmon) and infected areas. In less than 10% of cas-
es, small amounts of intraperitoneal fluid (ascites) are
seen, whereas large volumes of intraperitoneal fluids are
very rare.

With respect to the literature, there is no significant su-
periority of MRI over CT in the diagnosis of AP and re-
lated complications. The superior tissue resolution and
the higher sensitivity to slight edematous or necrotic
changes, hemorrhage or fluid dissection of fat planes fa-
vor MRI. However, these advantages are often hampered
by the impaired study conditions in severely ill patients
that may degrade the image quality. In severe AP, pan-
creatic flow can be reduced by iodinated contrast agents,
which is followed by an increased rate of necrosis and
mortality. This may make MRI the favorable staging tool
in AP, however, this potential complication has never
been proven for the non-ionic contrast agents that are
used nowadays almost exclusively in CT [8-10].

The local inflammatory conditions are often compli-
cated by regional and systemic involvement induced by
autodigestion and activation of systemic inflammatory
mediators [11-17].

The rapid change of the local pancreatic and overall
abdominal situation demands an adequate diagnostic and
therapeutic regime in order to avoid a disastrous out-
come. Several clinical and laboratory scoring systems
were established to stage and predict the clinical course
of severe AP (Ranson’s score, APACHE II, Glasgow cri-
teria (also known as Imrie criteria), MOSS score, serum-
methemalbumin, trypsin-activated peptide, C-reactive
protein; see Table 2). However, these scoring systems are
mainly dependent on systemic alterations and are quite
non-specific in that they do not address the local pancre-
atic situation [18-25]. Balthazar et al. [26, 27] proved that
contrast-enhanced CT is the most helpful diagnostic
modality for detecting complications that may necessitate
medical, surgical or interventional management, and can
predict the patient’s outcome depending on the local pan-
creatic situation. The proposed 5-grade scoring system

Table 2. Ranson score based on present clinical and laboratory signs
at admission and 48 hour follow-up (each sign = 1 point)

At admission

Age > 55 Hematocrit fall > 10%
WBC > 16.000 Blood urea nitrogen rise > 5 mg/dL
Blood Glucose > 200 mg/dL.  Ca (serum) < 8 mg/dL
Serum LDH > 350 TU/L PO2 < 60 mm Hg
SGOT (AST) > 250 U/L Base deficit > 4 meq/L
Estimated fluid sequestration > 600 ml

48-hour follow-up

Score Mortality
0-2 <10%
3.5 10 - 20%
>5 > 50%
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(Table 3, 4), by estimating the presence and degree of
pancreatic and peripancreatic inflammation and fluid ac-
cumulation and by detecting the presence and extent of
pancreatic necrosis together with the estimation of the
lack of enhancement of the gland (< 30%, 30-50%,
> 50%, respectively), can be translated into a CT-severi-
ty index (Table 4) that allows the estimation of compli-
cations (morbidity) and mortality (Fig. 4). If more than
50% of the volume of the pancreas is necrotic, the mor-
bidity rate rises up to almost 100%. However, recently a
modified and simplified CT severity index was proposed
by Mortele et al. [28], correlating more closely with pa-
tient outcome measures than the currently accepted CT
severity index (Table 4).

About a fifth of the patients without necrotic changes
of the pancreatic gland also develop local complications.
Fluid collections are seen in up to 50% of patients with
AP. In about half of these patients these collections re-
solve spontaneously within several weeks. In the rest
however, the fluid collections will persist, eventually fol-
lowed by encapsulation, superinfection (abscess), or for-
mation of a pseudocyst.

Complications in AP
Pseudocysts are fluid collections with a noticeable cap-

sule. They typically develop 4-5 weeks after the onset of
AP. On US, CT and MR, they present a typical cyst-like

Table 3. CT grading in acute pancreatitis (according to Balthazar)

CT findings

A Normal

B Focal (~ 20%), diffuse enlargement of the gland, irregu-
lar contour, inhomogeneous density

C Grade B + inflammation in peripancreatic fat

D Small, mostly occasionally fluid collections or phlegmon

E Two or more fluid collections, gas within the pancreas
or retroperitoneum

Table 4. ‘Classic’ and modified CT severity index

10077%
00
601 7
50 / Mortality

i / # Complications
gg- % Complicat
201 -
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Fig. 4. CT severity index related to the degree of necrosis of the
pancreatic parenchyma (according to Balthazar). Grad A = 0,
B=1,C=2,D =3, E=4;no necrosis = 0, 30% of necrosis = 2,
<50% =4, > 50% = 6 (data from [29])

appearance, in general without septations. Since large
cysts are prone to complications (such as rupture, in-
fection, hemorrhage, biliary obstruction or fistulization
to the GI tract), cysts greater than 5-7 cm should be
treated by percutaneous drainage or operative mar-
supilization.

In a septic patient, fluid collections that are not water-
like, and rim enhancement in contrast enhanced CT or
MRI studies, imply the presence of abscesses until
proven otherwise. Gas is detected as a characteristic sign
of an infected fluid collection in only 20% of cases with
pancreatic abscesses. Percutaneous aspiration or drain-
placement is the proper treatment.

In contrast to abscess formations, superinfected
necrotic areas of the pancreas are much more difficult to
handle. Percutaneous drainage therapy is mostly frustrat-
ing due to the more solid consistency of the infected
necrosis, however, a biopsy is often needed to prove the
diagnosis. In most cases, a percutaneous, endoscopy-
guided necrosectomy or a surgical intervention has to be
considered.

CT Severity Index Points Modified CT Severity Index Points
Pancreatic inflammation Pancreatic inflammation
- Normal pancreas 0 - Normal pancreas 0
- Focal or diffuse enlargement of the pancreas 1 - Intrinsic pancreatic abnormalities with or without 2
- Intrinsic pancreatic abnormalities with inflammatory 2 inflammatory changes in peripancreatic fat

changes in peripancreatic fat - Pancreatic or peripancreatic fluid collection 4
- Single, ill-defined fluid collection or phlegmon 3 or peripancreatic fat necrosis
- Two or more poorly defined collections or presence 4

of gas in or adjacent to the pancreas
Pancreatic necrosis Pancreatic necrosis
- None 0 - None 0
-<30% 2 -<30% 2
->30-50% 4 ->30% 4
->50% 6 - Extrapancreatic complications (one or more of pleural 2

effusion, ascites, vascular complications, parenchymal
complications, or gastrointestinal tract involvement)




102

T.Helmberger

Pseudoaneurysm formation and hemorrhage may result
from the extravasated pancreatic enzymes that cause vas-
cular injury, and are typically late complications that oc-
cur after several episodes of severe AP. While pseudoa-
neurysms are generally easily detected by any kind of
imaging modality, retroperitoneal hemorrhage is best de-
picted by contrast-enhanced CT or unenhanced MRI.
Angiography with arterial embolization is the treatment of
choice and is generally superior to the surgical therapy.

Groove Pancreatitis

The so-called ‘groove pancreatitis’, first described by
Becker [30], is a rare, ‘late’ complication occurring after
several AP attacks, and is defined as an inflammatory re-
action and fluid collection located in the groove between
the head of the pancreas, the duodenum and the common
bile duct. The anterior anlage of the pancreas seems to be
mainly affected, with duodenal stenosis and/or strictures
of the common duct in about 50% of the cases. Therefore,
this disease may mimic pancreatic head cancer, necessi-
tating surgical exploration. Dynamic CT and MR imag-
ing with delayed enhancement of collagen fibrous tissue
during the late post-equilibrium phase can characterize a
potential soft tissue mass as fibrosis and may, in the ab-
sence of complications, allow surgical exploration to be
avoided [31, 32].

Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) is a relatively new syn-
drome of clinical and histologic findings and has also
been described as ‘lymphoplasmocytic sclerosing pan-
creatitis with cholangitis’, ‘nonalcoholic duct-destructive
chronic pancreatitis’ and ‘chronic sclerosing pancreati-
tis’. A number of features can be found, including hyper-
gammaglobulinemia, elevation of serum IgG4, 1gG4-
containing immune complexes and a number of antibod-
ies, such as antinuclear antibodies, antibodies against
lactoferrin, carbonic anhydrase type II, and rheumatoid
factors. Histological features include fibrosis with lym-
phoplasmacytic infiltration of interlobular ducts. The ma-
jority of lymphocytes are CD8+ and CD4+ T-lympho-
cytes, while B-lymphocytes are less frequent. In general,
diagnosis of AIP is established by clinical signs and lab-
oratory and morphological findings. An association with
other autoimmune disease such as Sjogren-syndrome,
primary biliary cirrhosis, primary sclerosing cholangitis,
Crohn’s disease or ulcerating colitis, systemic lupus ery-
thematosus, and retroperitoneal fibrosis is found in a
third of the cases.

At imaging, a focal (‘mass-forming’) or diffuse
(‘sausage-like”) enlargement of the pancreas may be pre-
sent. In contrast-enhanced studies, peripancreatic nodular
or rim-like enhancement can be appreciated. Focal AIP of
the head that involves the pancreatic and distal common

bile duct needs to be differentiated from pancreatic car-
cinoma, necessitating biopsy proof.

Most patients appear to respond to steroid treatment
according to their symptoms, and laboratory and mor-
phological findings [33-38].

Chronic Pancreatitis

CP is determined by a continuing (aseptic) inflammation
of the gland, characterized by irreversible morphological
and functional damage. The most common reasons are
chronic alcohol abuse (70%) and cholelithiasis (20%),
rare cases are caused by cystic fibrosis or are idiopathic,
without any apparent cause. Typically, patients 30-40
years of age present with a history of epigastric pain
(95%), weight loss (95%) and signs of endo-/exocrine de-
ficiency (diabetes mellitus 58%, malabsorption syn-
drome and steatorrhea 80%). Acute exacerbations of CP
are accompanied by episodes of pain that may mimic an
acute abdomen. With progressive destruction of the
gland, CP can become painless after several years. In
about 1.5-12% of cases, CP can be complicated by pan-
creatic cancer.

Tumor markers such as CA 19-9 and CA-50 may also
be elevated transiently and are unspecific. Laboratory
tests for secretin-creozyme and secretin-cerulein have a
high diagnostic accuracy, except in the early stages, but
are invasive and cumbersome for the patient. These tests
are of particular importance for the diagnostically chal-
lenging, newly defined small duct CP, where chronic in-
flammation occurs without duct abnormalities.

In CP, the most characteristic findings are dilatations
of the pancreatic main duct and of ductal side branches
(70-90%) together with small cystic changes, scattered
glandular and ductal calcifications (40-50%), and ductal
protein plugs. The grade and shape of ductal dilatation
may help to differentiate chronic (benign) obstructions
from malignant occlusions. In CP the contour of the pan-
creatic duct and its side branches is commonly irregular
(73%), while this is true only in 15% of the cases in pan-
creatic malignancies. Additionally, the duct commonly
forms less than 50% of the pancreatic anterior-posterior
diameter in CP, while the opposite is true in pancreatic
cancers (due to obstructive atrophy) (Fig. 5).

In CP, the gland may present a normal appearance in
15-20% of cases, however, a diffuse (50%) or focal (25%)
enlargement is more common, and may raise the suspi-
cion of a neoplasm. With time, atrophy of the organ will
occur in 10-50%. The varying appearance of CP explains
the shortcomings in establishing diagnosis: without gross
morphologic changes it is very difficult to diagnose in-
cipient forms of CP. Moreover, morphologic changes cor-
relate very poorly with the functional exocrine and en-
docrine deficit, therefore endoscopically-guided (endo-
scopical US) or percutaneous biopsy may be necessary
for differentiation.
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Fig.5. CP by MRI. Cystic degeneration of the pancreatic head (a),
together with irregular dilatation of the pancreatic main duct (b) in
MRI (fast spin echo T2)

Complications in CP

Beside consolidated cystic degeneration in terms of cys-
tic branch and side branch dilatation of the pancreatic
duct and peripancreatic pseudocyst formation, complica-
tions may occur, such as common bile duct obstruction
secondary to fibrosis, splenic vein thrombosis (note: up-
per GI bleeding is possible due to gastric varices in the
absence of esophageal varices!), pancreatic fistulae, and
communication between the pancreatic duct and abdom-
inal organs or the skin.

Diagnostic Challenges in (P

In general, diagnostics of inflammatory and tumorous
pancreatic conditions rely on imaging such as US, CT,
MRI and — more invasively — ERCP). Imaging findings
are ruled by the macro-structural changes of the organ
and its surrounding.

Calcifications in CP can easily be depicted using
plain films and US. Additionally, US is able to display
ductal dilatation, micro- and macrocystic changes, and
the gland itself.

Contrast-enhanced multidetector CT (MDCT) is well-
established to assess ductal changes, calcifications, the

form and shape of the pancreatic gland, and potential
concomitant conditions such as pseudocysts. This also
enables multiplanar, curved reconstructions for a high-
resolution display of the total gland and the run of the
duct. Depending on the fibrotic changes in CP, contrast
enhancement can be variable by CT, whereas most ductal
carcinomas present no or only minor enhancement during
arterial-dominant- and parenchymal-phase imaging.
However, late enhancement can be seen on delayed imag-
ing without substantial additional information.

Beside the superior tissue resolution for the differenti-
ation of varying ‘qualities’ of pancreatic parenchyma, us-
ing unenhanced and Gd-DTPA-enhanced T1-weighted
sequences (£ fat suppression) and heavily T2-weighted
sequences, MRI is capable of best displaying the pancre-
atic gland and the pancreatic duct, including first-gener-
ation side arms and small stones. Nevertheless, ERCP
does show initial ductal changes (Table 4) superior to all
other imaging modalities, but the clinical significance of
these minor changes remains contentious, compromised
by the fact of potentially ‘unphysiological’ distension of
the ducts by contrast medium injection.

Pancreatic cancer (PCa) is the most crucial complica-
tion in CP and is the major challenge for diagnostics be-
cause focal enlargement of the gland induced by a fi-
brotic inflammatory pseudotumor may be indistinguish-
able from pancreatic carcinoma. According to the recent
literature, a comparison of state-of-the-art MDCT and
MRI reveals no difference in the detection rate of PCa.
Nevertheless, CP is still the major factor for a missed di-
agnosis due to its potential tumor-like appearance.
However, if local or regional lymph node enlargement,
vascular encasement, or remote metastases are displayed,
the differential is ruled by these secondary signs of ma-
lignancy. Then, it is most important to stage the tumor
correctly to allow for further treatment stratification
(Table 2, 3). In ambiguous cases, biopsy or even surgical
exploration may still be necessary.

CP can cause a focal pancreatic mass indicative of a
neoplasm. Moreover, CP represents a major risk factor
for PCa with a 26-fold increased risk of developing can-
cer, according to an international, multicenter cohort
study [39].

Therefore, the differential between CP and PCa is still
challenging, stressing a variety of methods. The sensitiv-
ities and specificities of US, CT, and MRI for PCa were
reported as 76-83% and 91-93%, respectively. Neverthe-
less, the rate of incorrect diagnoses is still up to 25%.
Using various differential criteria (Table 5) may help to
improve the overall diagnostic accuracy beyond pure im-
age interpretation.

Recently, new methods and techniques for discrimi-
nating between CP and PCa have been described, these
include the oxygen insensitivity test, FDG-PET or in vi-
vo proton MR spectroscopy, in addition to conventional
pathologic studies of brush cytology. Nevertheless, in
general, these new methods are not yet well established
[40, 41].
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Table 5. Differential criteria for CP versus PCa

CP PCa
History +++ -
Duct irregular smooth
Duct/parenchyma <0.5 > 0.5
Calcification +++ -
Enhancement diffuse focal
Cysts +++ )
Lymphnodes +) ++
Metastases - +++

Nevertheless, up to now biopsy is the most reliable di-
agnostic tool to establish diagnosis in ambiguous cases of
pancreatic masses. There is no significant difference for
endoscopial compared to percutaneous procedures, but
laparoscopical procedures are compromised by an in-
creased chance of adverse events, such as potential tumor
seeding.

Pancreatitis in Children

Fortunately, pancreatitis in childhood is rare. The best
known causes of pancreatitis are trauma to the pancreas
(typically bicycle accident), genetically transmitted
hereditary pancreatitis, and cystic fibrosis. Nevertheless,
in most cases the reason for pancreatitis is unknown (id-
iopathic pancreatitis), although microcalculi and protein
plugs are discussed as potential reasons. In general, diag-
nosis can be established based on the history, the clinical
findings, and imaging findings that are not different from
that seen in adults [42-44].
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Introduction

Ultrasonography may be used as the initial screening
method in patients with jaundice and upper abdominal
pain and might determine that a pancreatic tumor causes
the symptoms, but helical computed tomography (CT), es-
pecially multi detector-row helical CT (MDCT), with its
superb spatial resolution, is considered the imaging
method of choice for detecting neoplastic changes in the
pancreas [1-5]. Generally, magnetic resonance imaging
(MRI) is used in patients with suspected small pancreatic
tumors and as a problem-solving modality that may help
to clarify internal architecture, particularly in patients
with cystic lesions when CT is equivocal [6-8].
Nevertheless, improved MR sequence design has led to
higher tissue contrast and faster scanning that has result-
ed in more accurate detection and staging of pancreatic
neoplasms, particularly of small adenocarcinomas, small
islet cell tumors and cystic neoplasms [9]. Endoscopic ul-
trasonography (EUS) also can detect small pancreatic tu-
mors [10-12] and characterize pancreatic lesions, espe-
cially for patients with cystic masses [13]. EUS has shown
excellent results in cyst aspiration and biopsies of the pan-
creas, but is not universally accepted [14, 15]. The role of
MRI and CT vis-a-vis EUS needs further definition
through exploration of a large series of small pancreatic
tumors. Furthermore, it is expected that new EUS instru-
ments with increased resolution and deeper penetration
will be developed. A wider acceptance of EUS for the
pancreas will depend on training a large number of oper-
ators that can provide reproducible results based on stan-
dard techniques and possibly, on the use of an intravenous
contrast material [16]. In recent years, positron emission
tomography (PET), particularly PET/CT, has been in-
creasingly used for assessing patients with suspected pan-
creatic tumors. However, its ultimate role still needs fur-
ther definition, as the published results are somewhat con-
flicting [17-20]. Also, somatostatin receptor scintigraphy
has gained popularity in recent years for neuroendocrine
tumor detection [21]. This discussion will focus on diag-
nosing and staging the various pancreatic neoplasms with
CT and MRI and will also mention EUS, PET/CT and so-
matostatin receptor scintigraphy where appropriate.

Ductal Adenocarcinoma of the Pancreas

About 90% of all neoplasm of the pancreas are ductal
adenocarcinomas. It is a common neoplastic disease with
a poor prognosis. It is estimated that approximately
32,000 Americans will die of this disease in 2005 [22].
Pancreas carcinoma is the fourth leading cause of death
in the USA and its five-year survival rate remains dismal,
at less than 5%. This poor outcome is largely related to
the aggressiveness of the tumor and in most cases, to late
diagnosis. The initial diagnosis of pancreatic tumor, par-
ticularly if the patient presents with jaundice and the tu-
mor is located in the head, may be made by ultrasound.
Ultrasonographic signs of pancreatic carcinoma include
focal or diffuse pancreatic mass, which is hypoechoic rel-
ative to normal gland parenchyma, and dilatation of the
pancreatic and/or biliary ducts. The accuracy of ultra-
sound for detecting the level of bile duct obstruction
varies greatly, and its staging of pancreatic carcinoma is
inferior to that of CT. Ultrasonography often fails to pro-
vide an adequate examination of the entire gland, result-
ing in an overall decrease in sensitivity. Some of these
limitations are overcome by endosonography, but even
for EUS, tumors in the tail of the pancreas are not always
accessible.

For optimal evaluation of pancreatic adenocarcinomas
by MDCT, a dual- or triple-phase pancreas protocol
should be used that includes thin sections (1.25-2.5 mm)
and a rapidly delivered bolus of contrast material (we use
150 ml at 4-5 ml/sec). Water as oral contrast material is
best for better assessing extension of the tumor to the
stomach and/or duodenum. We recommend a scan delay
of 20 sec for the arterial phase, a scan delay of 40-45 sec
for the pancreatic phase and a scan delay of 80 sec for the
hepatic phase. The arterial phase permits evaluation of
vascular involvement by tumor and is best for 3D an-
giography, if requested by surgery. Vascular involvement
and tumor mass are best detected in the late arterial or
pancreatic phase, whereas the hepatic phase serves for vi-
sualizing the liver and entire abdomen to detect liver
metastases and peritoneal seeding [23]. Some authors
have shown that the early arterial phase may not be need-
ed [23], and in at least one recent publication, a single-
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phase thin-slice MDCT technique was recommended for
best results in assessing resectability of pancreatic ade-
nocarcinoma [24].

On CT, pancreatic adenocarcinoma arises from the
pancreatic duct and usually appears as a low-density
mass often associated with poorly defined margins and
pancreatic and/or bile duct dilatation (Fig. 1). The low-
density central zone represents the hypovascular, scir-
rhous tumor surrounded by normal parenchyma or in-
flammatory tissue caused by obstructive pancreatitis.
Cystic degeneration is occasionally seen [13]. Frequently,
pancreatic duct obstruction causes atrophy of the pancre-
atic parenchyma and only a thin rim of parenchyma may
be seen accompanying a dilated duct. Tumor obstruction
of the main pancreatic duct can lead to rupture of side
branches, resulting in formation of pseudocysts.
Occasionally, no low-density mass is identified, but a di-
lated duct is seen proximal to a small imperceptible tu-
mor mass. Ancillary findings are local tumor extension
including direct invasion of neighboring organs and ves-
sels (loss of fat planes surrounding the celiac axis, SMA,
etc., so-called vascular ‘cuffing’) and metastatic disease
to local lymph nodes, as well as spread to liver, peri-
toneum (often associated with ascites) and more distant
sites. The so-called ‘double-duct sign’ (dilatation of the
biliary and pancreatic ducts) occurs in less than 5% of pa-
tients with pancreatic carcinoma. Biductal obstruction al-
so may be seen in bile duct or ampullary carcinoma, pan-
creatitis and ampullary stenosis.

If MRI is used, T1-weighted fat-suppressed sequences
and dynamic gadolinium-enhanced spoiled gradient echo
(SPGR) sequences appear to be superior to T2-weighted
sequences due to the fact that most pancreatic carcinomas
have a significant desmoplastic reaction that renders the
tumor less conspicuous on T2-weighted images. T1-
weighted fat-suppressed images using an early (arterial)
gadolinium-enhanced SPGR sequence provide the best
delineation of the tumor, particularly if it is small.

CT imaging results for pancreatic carcinoma vary
widely, but with current generation scanners and state-of-
the-art scanning techniques, a sensitivity of more than
90% for detecting pancreatic carcinoma can be achieved
[1, 24]. Small metastatic implants on liver and peri-
toneum are the most likely lesions to be missed by CT.
CT generally provides accurate information on vascular
involvement as long as a pancreatic protocol is observed
and for resectability, sensitivities of more than 80% have
been obtained [1]. Presently, most studies show a slight
advantage of helical CT over MR for detecting and stag-
ing pancreatic adenocarcinomas. A recent meta-analysis
that compared CT, MRI and US, demonstrated a sensi-
tivity and specificity of 91% and 85% for helical CT and
a sensitivity and specificity of 84% and 82%, respective-
ly for MRI [1]. In the same analysis for determining re-
sectability, the sensitivity and specificity of helical CT
was 81% and 82% and for MRI it was 82% and 78%. For
US, the sensitivity for diagnosing pancreas carcinoma
was much lower, as was the specificity for determining

Fig. 1. a Thin-section MDCT of pancreas carcinoma, pancreatic
phase. A low-attenuation mass is apparent in the distal body of
pancreas with slight indentation of the splenic artery (arrow). This
appearance does not necessarily constitute adherence or invasion,
and a graft or stent can be placed due to the short segment in-
volved. The mass is easily distinguished from adjacent normal pan-
creas (arrowhead). b Thin-section MDCT of pancreas carcinoma,
pancreatic phase, 1 cm below la. Note the oval-shaped mass of low
attenuation (arrows) and the dilated pancreatic duct (arrowheads)
abruptly ending at the mass. ¢ Thin-section MDCT of pancreas car-
cinoma, hepatic phase, same level as 1b. While the mass (arrows)
is still evident, it is less conspicuous in the hepatic phase



108

R.F.Thoeni

resectability. Only one MR study using gadolinium and
MR angiography revealed superiority over CT. The ad-
vantage of MRI is thought to be in the area of small tu-
mors, which do not alter the contour of the gland [25]. At
present, CT is the modality of choice in the work-up of
suspected pancreatic disease and MRI appears to be a
problem solving modality. MRI may be helpful in cases
where clinical suspicion of disease is very high but re-
sults with MDCT are negative or equivocal. In addition,
when choosing an imaging modality, one has to take into
account the fact that with MDCT, imaging of the pan-
creas, including preparation, takes a small fraction of the
time needed for a complete MRI of the pancreas. Overall,
MR of the pancreas should be considered in patients (1)
with elevated serum creatinine, allergy to iodine contrast,
or other contraindications for iodine contrast administra-
tion; (2) with prior CT imaging who have focal enlarge-
ment of the pancreas with no definable mass; (3) whose
clinical history suggests malignancy and in whom CT
imaging is equivocal or difficult to interpret; and (4)
whose case requires distinction between chronic pancre-
atitis with focal enlargement and pancreatic cancer [6].

False positive diagnoses of pancreatic cancer occur, es-
pecially in patients with chronic pancreatitis, and, there-
fore, percutaneous aspiration biopsies are needed if non-
operative treatment is planned. Fine-needle aspiration
biopsy of pancreatic cancer under CT-guidance is a fre-
quently performed procedure and is associated with se-
vere pancreatitis in less than 3% of cases. Pancreatitis is
more likely to occur if normal parenchyma is biopsied.
Therefore, biopsies should be carefully planned by plac-
ing the needle into the mass itself and by avoiding punc-
ture of the pancreatic duct. The sensitivity of percuta-
neous CT biopsies reaches 79%, with a positive predic-
tive value of 100% and a negative predictive value of
47% [14]. Because of possible tumor seeding in the nee-
dle tract, patients with potentially resectable tumors (on-
ly 10% of all cases) who are acceptable candidates for
surgery should undergo exploratory surgery [10]. Today,
percutaneous CT biopsies of the pancreas are often re-
placed by endoscopic biopsies that have a sensitivity of
80% with a positive predictive value of 99% and a nega-
tive predictive value of 73%, particularly if CT is equiv-
ocal or negative with a strong clinical suspicion of tumor
and when the lesion is less than 3 cm in size [14].

While EUS excels at detecting even small pancreatic
adenocarcinomas, reaching sensitivities as high as 97%
[16] and can be used in the differential diagnosis of pan-
creatic tumors, it demonstrates poor sensitivity and speci-
ficity for diagnosing vascular involvement by tumor [26].
EUS suffers from limited depth penetration and cannot
always distinguish between an inflammatory and neo-
plastic process in the pancreas.

PET, and particularly PET/CT, has emerged as an im-
portant modality for effectively managing patients with
suspected pancreatic cancer. Nevertheless, more studies
are needed to demonstrate its true value and cost-effec-
tiveness, since some of the studies found no benefit over

CT alone [17]. In one PET study, if helical CT was pos-
itive for pancreas carcinoma, PET was found to have a
sensitivity of 92% and a specificity of 68% and if CT was
negative, the sensitivity of PET was 73% and the speci-
ficity 86% [20]. PET/CT allows a more precise localiza-
tion of hot tracer spots and has been shown to improve
patient management before possible resection. In one
PET/CT study, management was changed in 16% of pa-
tients with pancreatic cancer that were initially staged as
being resectable [18]. In suspected tumor recurrence,
PET reliably detected local recurrence and was advanta-
geous in diagnosing distant disease [19].

Neuroendocrine Tumors of the Pancreas
Functioning Neuroendocrine Tumors

Among functioning neuroendocrine tumors (NET, for-
merly called islet cell tumors) of the pancreas, insulino-
ma is the most common tumor, followed by gastrinoma,
glucagonoma, VIPoma and other secretory neoplasms,
which are more rarely encountered. In functioning pan-
creatic adenomas, the clinical diagnosis is based on clin-
ical data and laboratory tests that usually permit an accu-
rate diagnosis. Cross-sectional imaging is used only for
localizing the pancreatic neoplasm.

NETs represent a challenge to the radiologist. Extra-
pancreatic NETs that are small and located in the duode-
nal or gastric wall are the least likely to be detected pre-
operatively by any of the radiographic techniques, and
even intraoperative ultrasonography fails to detect these
lesions. These ectopic lesions are more likely to occur in
patients with multiple endocrine adenomatosis (MEA) or
multiple endocrine neoplasia (MEN). For insulinomas,
angiography is reported to reach sensitivities between 59
and 80%, while venous sampling reaches sensitivities be-
tween 77 and 94%, with results slightly better for gastri-
nomas [27]. A combination of intraoperative palpation
and intraoperative ultrasonography was found to achieve
best results during surgery. Intraoperative ultrasound is
particularly important in patients with multiple lesions
and MEN, as under these conditions, ectopic tumors are
quite frequent and often difficult to find with CT or MRI.

On CT and MRI, functioning NETs show intense en-
hancement in the arterial phase with rapid wash-out in
the portal venous phase (Fig. 2). The most common NET,
the insulinoma, is usually small (£ 2 cm in diameter).
Metastases occur in only 5-10% of cases. All other NETs
tend to be large and have metastases in 60-65% of cases.
The appearance of liver metastases in patients with func-
tioning NET is similar to that of the primary tumor.

The reported sensitivity of conventional CT for detect-
ing an insulinoma ranges from 28-79% with a mean of
38% and is slightly higher for gastrinomas, primarily due
to their larger size. The dual-phase MDCT protocol with
thin sections improved the detection rate to 94% and
reached 100% if combined with EUS [28]. Endoscopic
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Fig.2. a Thin-section MDCT of a neuroendocrine tumor of the pan-
creas (insulinoma), early arterial phase. A small hypervascular
mass (arrows) is seen in the neck of the pancreas. b Thin-section
MDCT of a neuroendocrine tumor of the pancreas (insulinoma),
hepatic phase. In this phase the mass in the neck of the pancreas
(arrows) is barely seen

ultrasound provides excellent results in the head of the
pancreas, but results are less convincing for the tail of the
pancreas because of its distance from the stomach. EUS
usually allows detection of even small NETs and their
precise location. Ectopic gastrinomas may be missed by
EUS, but combination with somatostatin receptor scintig-
raphy increases the combined overall sensitivity to 93%
for gastrinomas [10]. The sensitivity of transabdominal
ultrasound for detecting insulinomas ranges from 19-
60% with a mean of 46%, and therefore should not be
used for this purpose.

Functioning NETs of the pancreas are of low signal in-
tensity on T1-weighted and of high signal intensity on
T2-weighted images [8]. Occasionally, an insulinoma can
be of dark signal intensity on T2-weighted sequences due
to a fibrous stroma. In our study, we reached a MRI sen-
sitivity of 85% for detecting functioning NETs of 2 cm

or less in diameter, which is similar to the sensitivity
achieved by invasive procedures and is superior to most
of the MRI results reported in the literature [8]. Previous
MR series reported a sensitivity of 100% [29], but the
number of patients examined was small. For gastrinomas,
some reports have shown MRI sensitivities of 25-62%
[30, 31]. With present techniques, MRI should detect le-
sions greater than 2 cm, with a sensitivity of greater than
85%. Therefore, MRI appears to be a useful technique for
diagnosing small pancreatic NETs, but optimal MRI
techniques and state-of-the-art equipment need to be
used. Overall, MRI results are presently surpassed by
contrast-enhanced MDCT because of volume imaging
and very thin sections.

Somatostatin receptor scintigraphy using various de-
rivatives of long-acting somatostatin analogues [21] can
be used for small gastrinomas, somatostatinoma,
glucagonoma, carcinoid and VIPoma, but insulinomas
may be missed due to reduced receptor expression [32].
Somatostatin receptor scintigraphy with !'!In-octreotide
can often diagnose small lesions only suspected on CT or
MRI [33] and detect metastases not diagnosed with oth-
er modalities.

Non-functioning Neuroendocrine Tumors

The non-functioning endocrine tumor is the third most
common NET and represents 15-25% of all these tumors.
It arises from alpha or beta cells. The neoplasm is hor-
monally quiescent (probably with very minimal secre-
tion) and often presents as a mass with or without jaun-
dice or gastric outlet obstruction. The tumor is usually lo-
cated in the pancreatic head and can measure up to 20 cm
in diameter. There may be solid and necrotic components
and coarse calcifications are present in up to 25%. The
mass is hypervascular, with a late capillary stain. The tu-
mor does not encase vessels but in 80-100% of cases
shows malignant transformation with liver metastases
and adenopathy. The five-year survival is 44%. The key
features of non-functioning NETs are large size, hyper-
vascularity and absence of vascular encasement. Results
with CT and MRI are similar.

Cystic Neoplasms of the Pancreas
Serous and Mucinous Cystic Neoplasms of the Pancreas

Cystic neoplasms of the pancreas are uncommon tumors
and are seen in less than 5% of pancreatic neoplasms.
Pancreatic cystic neoplasms are classified into two cate-
gories, serous cystic (usually microcystic, occasionally
unilocular) neoplasms that are benign, and mucinous cys-
tic (macrocystic) neoplasms that are potentially malig-
nant or already malignant at the time of diagnosis. There
is a rare macrocystic variant, which is benign and exhibits
radiological features similar to those of mucinous cys-
tadenoma. Serous and mucinous cystic neoplasms, except
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for intraductal papillary mucinous tumors (IPMT) do not
communicate with the pancreatic duct.

Serous cystic neoplasms of the pancreas are observed
in middle-aged and elderly women. This type of tumor
rarely requires surgical treatment, whereas mucinous cys-
tic tumors should be resected because of their malignant
potential. Nevertheless, some surgeons prefer to resect the
serous type as well. In general, the patient’s age, overall
condition, location of the lesion, and growth over time are
factors that help in deciding if surgery is needed [34].
Often any cyst that increases in size, any symptomatic
cyst, and cysts in older fit patients are selected for surgery.
CT can accomplish preoperative differentiation of the two
types in many cases. In serous cystic tumors, traditionally
the diagnosis is made if the number of cysts within the tu-
mor is more than six and the diameters of the cysts less
than 2 cm [35, 36]. A newer nomenclature calls cysts < 1
cm definitely serous, > 1-2 cm equivocal and > 2 cm def-
initely mucinous. Grossly, these serous tumors appear ei-
ther as solid tumors with innumerable tiny cysts, or as
honeycombed cystic tumors, depending on the amount of
connective tissue. They have a lobulated margin. At times,
it is difficult to visualize the cystic areas. Calcifications in
serous tumors are central in location and more common
than in mucinous tumors. A central enhancing scar may be
present and is characteristic of a serous tumor [13].

Mucinous cystic neoplasms of the pancreas (also called
cystadenomas and cystadenocarcinomas according to the
old nomenclature) have six or fewer cysts, the diameters
of the cysts measure more than 2 cm, a central enhancing
scar is rarely seen, and calcifications are peripheral [13]
(Fig. 3). The margins usually are smooth, and metastatic
disease may be present at the time of diagnosis.

Based on the above-mentioned criteria, a correct diag-
nosis of a serous cystic pancreatic tumor can be made in

Fig.3. Thin-section MDCT of serous cystic neoplasm of the pancreas,
pancreatic phase. A lobulated and septated cystic mass is present in
the body of the pancreas (arrows). The individual cysts are small

62% of cases by CT, in 74% by sonography and in 84%
using both modalities [35]. In general, results for mucinous
cystic tumors are inferior. Pancreatic pseudocysts and cys-
tic forms of islet cell tumors, ductal carcinomas, solid and
papillary tumors and lymphangioma of the pancreas can be
indistinguishable from cystic neoplasms on CT. Thus, nee-
dle biopsies of the lesions often are necessary.

MRI often can provide better definition of the internal
architecture of these cystic neoplasms than CT. Septa and
wall thickness of the lesions are well demonstrated by
MRI, but calcifications are not always seen. Also, differ-
entiation between serous and mucinous compartments is
superior by MRI. MRI is of great help in distinguishing
these cystic neoplasms from pseudocysts of the pancreas,
particularly if they are multiple. Both MRCP and MDCT
with curved planar reconstruction can demonstrate the
absence of a connection to the main pancreatic duct.

Intraductal Papillary Mucinous Tumor of the Pancreas

The intraductal papillary mucinous tumor (IPMT, for-
merly also called ductectatic cystadenoma or ductectatic
cystadenocarcinoma) of the pancreas is a rare tumor that
is considered a subtype of the mucinous cystic neoplasms
of the pancreas. IPMT can be classified as main duct,
branch duct (side-branch) or mixed type, depending on
the site and extent of involvement [37]. The cystic
changes always demonstrate a connection to the pancre-
atic duct, a diagnostic feature that can be seen on MDCT
and MRI. The branch duct tumor consists of cystic dila-
tion of the side branches of the pancreatic duct, usually
in the uncinate process. These ducts are lined with atyp-
ical, hyperplastic or clearly malignant epithelium. In the
late stages, the tumor nodules of the ducts produce copi-
ous mucinous secretions, which fill the entire duct. In
branch duct IPMT the overall prognosis is good because
extension into the parenchyma and beyond occurs rela-
tively late and overall malignant degeneration is rare.
Malignancy is present in 25-44% of resected specimens
of the other two types. Resection is therefore the treat-
ment of choice in these patients.

CT shows markedly dilated ducts and cystic-appearing
structures filled with mucinous material, which has
slightly higher attenuation than that of water. MRI can
detect the higher signal intensity of mucin on T1-weight-
ed sequences. MRI appears to have a slight advantage
over CT because it can visualize the internal architecture
of the lesion slightly better than CT, including a solid
mass and mural nodules, which are signs of malignancy.
EUS also is well suited to detect mural nodules.

Solid and Cystic Papillary Neoplasm of the Pancreas

Papillary solid and cystic tumors, also called solid
pseudopapillary tumors of the pancreas, are rare tumors,
and are seen almost exclusively in young women and are
located mostly in the tail of the pancreas. This tumor is
characterized by a solid peripheral area of tumor and a
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central zone of degeneration consisting of hemorrhage
and cystic spaces filled with necrotic debris that can be vi-
sualized by CT and MR. On imaging, these tumors appear
as sharply defined, heterogeneous, large cystic pancreatic
masses with solid components [38, 39]. Calcifications
may be present in the capsule or in the inner portion of the
mass. EUS also can be helpful in visualizing the nodules
and internal architecture of these masses.
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Introduction

Diagnostic imaging plays a key role in the management of
diseases of the bile ducts and gallbladder. Although ultra-
sonography (US) remains the first-line imaging modality
for suspected biliary obstruction and even the standard of
reference for cholecystolithiasis, it is mainly computed to-
mography (CT) and, even more, magnetic resonance
(MR) imaging that have replaced invasive diagnostic pro-
cedures such as endoscopic retrograde cholangiography
(ERCP) and percutaneous retrograde cholangiography
(PTC) in the majority of diagnostic settings. The different
noninvasive and invasive imaging modalities often pro-
vide similar or complementary diagnostic information, so
the choice of the most appropriate imaging modality for a
given indication is often influenced by a variety of factors,
including individual patient characteristics, local prefer-
ences, local availability, and economic aspects.

This course is intended to provide a practical radio-
logic approach to biliary diseases and is divided into two
parts. In the first part, the diagnostic key elements are re-
viewed and the advantages and shortcomings of the dif-
ferent modalities are discussed. In the second part, the di-
agnostic features of selected groups of benign and ma-
lignant conditions of the bile ducts and gallbladder are
summarized.

Ultrasonography

Real-time US is the method of choice for initial screen-
ing of patients with suspected disorders of the gallblad-
der and the intra- and extrahepatic bile ducts. The main
advantages of US are its very high accuracy for the de-
tection of gallbladder disease and dilatation of the intra-
and extrahepatic bile ducts, easy availability, and low
cost. However, US is an operator-dependent method, and
artifacts due to bowel gas and obesity commonly result in
insufficient visualization of the distal common bile duct.
Therefore, US is not an appropriate test to rule out bile
duct calculi. Endoscopic ultrasonography (EUS) can be
combined with fiberoptic upper GI endoscopy. Although
more costly than US and not entirely noninvasive, EUS is

much less influenced by the above limitations. Using
high-frequency transducers, EUS can obtain images with
very good spatial resolution, although with a very limit-
ed depth. In experienced hands, EUS may serve as a valu-
able complementary tool for the dedicated evaluation of
special areas, particularly the intrapancreatic portion of
the common bile duct, and the ampullary region.

Computed Tomography (CT)

CT is less limited by artifacts, is less operator-dependent
than US and reliably enables visualization of the entire
biliary system in virtually all patients. Contrast-material-
enhanced mulitslice CT (MSCT) studies with 1-2 mm
sections enable multiplanar or curved reformatting, and
are thus very suitable for the definition of the exact lev-
el of bile duct obstruction and the nature and extent of
soft tissue masses causing ductal compression. Image
processing with curved reconstructions allows visualiza-
tion of the common bile duct in its entire length (Fig. 1),

Fig. 1. Choledocholithiasis. MSCT (curved coronal reconstruction)
showing a large calculus in the main common bile duct
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and minimum intensity algorithms allow the dilated bil-
iary tree visualized with CT to be better delineated (Fig.
2a). It must be recognized, however, that despite its ex-
cellent contrast resolution, CT has a limited sensitivity
for the detection of cholesterol calculi that are often iso-
dense with the surrounding bile. Therefore, CT cannot be
considered as the method of choice to rule out calculous
disease. CT-angiography with two-dimensional (2D) and
three-dimensional (3D) reconstruction has largely re-
placed catheter angiography for preoperative delineation
of the major arterial and portal venous branches prior to
surgery.

Cholangiographic Techniques Using lodinated Contrast
Material

The term CT cholangiography refers to MSCT acquisi-
tion usually including 2D or 3D reformatted images ob-
tained after the administration of intravenous cholangio-
graphic agents. Since bile duct opacification depends on
intact hepatic excretory function, it cannot be used in pa-
tients with significant hyperbilirubinemia. For this rea-
son, but also because the cholangiographic agents are un-
available in several countries, CT cholangiography has
only a minor role in daily practice.

ERCP and percutaneous transhepatic cholangiogra-
phy (PTC) are used to opacify the biliary system directly
by means of contrast material under fluoroscopic vision.
Their main diagnostic advantage is the superior spatial
resolution of the biliary anatomy, offering maximum
anatomic detail (Fig. 2). ERCP is often used as the first-
line approach, whereas PTC is mainly used when ERCP
fails due to technical reasons or cannot be performed,

Fig. 2. Primary sclerosing cholangitis (PSC) a MSCT image recon-
struction with a coronal minimum intensity projection algorithm
showing dilated peripheral intrahepatic bile ducts with caliber irreg-
ularities. b Percutaneous transhepatic cholangiography showing muli-
tiple irregularities of the intra- and extrahepatic bile ducts consistent
with diffuse inflammatory strictures in the context of advanced PSC

e.g., in the presence of surgical anastomoses. The main
advantage of ERCP and PTC is that therapeutic interven-
tions may be performed during the same session, which
is how these procedures are currently most commonly
performed.

MR Imaging

MR cholangiopancreatography (MRCP) is based on the
principle that stationary fluids are signal intense on
heavily T2-weighted images as opposed to soft tissue
structures, solid materials such as calculi, or blood ves-
sels that contain flowing blood. MRCP thus enables the
visualization of bile ducts, intraductal calculi, stenoses,
and anatomical variants of the biliary system, without
the need for contrast material and independent of excre-
tory function. Modern MR techniques enable image ac-
quisition within very short breath-hold intervals (Fig. 3-
6). MRCP has rapidly become recognized as an attrac-
tive alternative to the established noninvasive imaging
techniques for imaging of the biliary system because it
has no known side effects and because it has yielded ex-
cellent diagnostic results for both bile duct calculi and
stenoses. MRCP may now be considered as a very accu-
rate technique for the diagnosis of bile duct calculi and
stenoses, provided that the imaging parameters are cho-
sen correctly and that image interpretation is based on
both coronal and transverse images. With modern equip-
ment, MR images are acquired in short breath-hold in-
tervals with very consistent quality and excellent resolu-
tion. Hepatobiliary contrast materials such as

Mangafodipir (Mn-DPDP) are excreted into the bile
ducts and allow direct visualization of the biliary tree on
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Fig.3. Choledochal cyst. T2- weighted ‘EXPRESS’ image in the coro-
nal projection (a) and transverse plane (b) delineates the morpholo-
gy and extent of the cystic malformation, making direct cholangiog-
raphy unnecessary prior to surgery

T1-weighted images. There are some specific clinical in-
dications in the context of bile duct imaging, such as
post-operative or post-traumatic bile leaks [1].

Radiologic Diagnosis of Selected Bile Duct Pathologies

Some diagnostic key questions are summarized in Table 1.

Choledocholithiasis is present in approximately 15% of
patients undergoing cholecystectomy. The sensitivity of
US for bile duct calculi varies widely, from less than 30%
to over 70%, but there is a general consensus that US is
not sufficiently reliable to rule out bile duct calculi.
Although the reported sensitivity of CT is between 80%
and 90%, MRCP is superior to CT and may currently be
considered the most sensitive noninvasive technique for
the detection of bile duct stones; several studies have con-
firmed that appropriate, modern MRCP technique enables
the detection of more than 95% of calculi [2, 3].

Primary sclerosing cholangitis (PSC) is a chronic, nonin-
fectious inflammatory disorder that results in progressive,

Table 1. Diagnostic key elements

e Stone disease (cholecystolithiasis, choledocholithiasis, intra-
hepatic lithiasis, Mirizzi syndrome)

e Postoperative situations (previous cholecystectomy, sphinctero-
tomy or bilio-digestive anastomosis resulting in enlarged bile
ducts, pneumobilia, acute bile leakage, etc.)

e Presence of dilatation of intra- or extrahepatic bile ducts

e Level of bile duct dilatation (intrahepatic/bifurcation/common
hepatic, ampulla)

e Cause of bile duct dilatation (stone, solid or cystic mass, steno-
sis, functional disorder)

e Vascular changes (infiltration/ thrombosis of portal vessels, he-
patic arteries)

Fig.4. Caroli’s dis-
ease. T2-weight-
ed transverse
‘EXPRESS’ im-
age (a) and ER-
CP image (b)
show club-like
outpouchings of
the peripheral in-
trahepatic  bile
ducts. Note cal-
culus seen on (a)




Imaging of Diseases of the Bile Ducts and Gallbladder

15

Fig.6. Adenocarcinoma of the ampullary region. T2-weighted ‘EX-
PRESS’ image shows a large mass displacing the duodenum and
an intraductal component of the tumor, causing obstruction

Fig. 5. Cholangiocar-
cinoma at the level
of the common he-
patic duct. a Breath-
hold coronary pro-
jection (T2-weighted
‘EXPRESS’) image
showing a stenosis of
the common hepatic
duct, involving the
hepatic bifurcation.
Dynamic Gadolin-
ium-enhanced TI1-
weighted GRE im-
ages in the arterial
phase (b), portal ve-
nous phase (¢) and
equilibrium  phase
(d) show the tumor
as an enhancing, hy-
perintense mass

multiple stenoses of the intra- and extrahepatic bile ducts,
eventually resulting in obliteration of intrahepatic ducts
and asymmetrical hepatic atrophy. The etiology is unclear,
but there is an association with inflammatory bowel dis-
ease and other conditions. Initially, there is edema and
proliferation of connective tissue in the periportal spaces
and around the bile ducts. Progressive extension of fi-
brotic proliferation into the hepatic parenchyma eventual-
ly results in biliary cirrhosis. Although stenoses of the bile
ducts may be solitary, typical cholangiographic features
include multifocal stenoses of the bile ducts, often with
bilateral intrahepatic involvement. However, dilatation of
the peripheral ducts is usually less prominent than with
stenosis of other origin because the bile duct walls be-
come thickened and rigid due to the inflammatory process
and therefore are less prone to passive dilatation (Fig. 2).
PSC significantly predisposes to transformation into
cholangiocarcinoma and should therefore be considered a
premalignant condition. The distinction between PSC and
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cholangiocarcinoma may be impossible with imaging
tests alone. In the presence of PSC, adenopathy of the he-
patoduodenal ligament or in the celiac or pancreaticoduo-
denal region is often due to reactive inflammation and
should not by itself be taken as a strong indicator of ma-
lignant degeneration. Cross-sectional imaging techniques
are now being primarily used. Although the diagnosis of
PSC may be straightforward in the presence of mild, ir-
regular, multisegmental intrahepatic bile duct dilatation
without demonstration of a distinct mass, it must be kept
in mind that early stages of the disease may be very diffi-
cult to detect and that correlation with hepatic biopsy may
be required. Besides irregular, multisegmental intrahepat-
ic bile duct dilatation, US may demonstrate focal or gen-
eralized thickening and hyperechogenicity of the walls of
the intra- and extrahepatic bile ducts. The CT signs of
PSC include nodularity and enhancement of the wall of
intra- or extrahepatic bile ducts, mild multifocal intra- or
extrahepatic biliary dilatation leading to patterns such as
skip lesions, pruning, and beading. The typical findings of
PSC are also readily recognized with MRCP, and some
authors have reported favorable results [4]. Due to its su-
perior resolution, direct cholangiography remains the
method of choice, showing, besides typical strictures, an
irregular aspect of the biliary mucosa with small out-
pouchings or microdiverticula.

Bile duct cysts must be distinguished from multiple intra-
hepatic cysts without connection to the biliary tree. In typ-
ical cases, the diagnosis may be readily made with nonin-
vasive imaging studies [5]. Today MRCP is the method of
choice for noninvasive delineation of benign cystic biliary
disorders (Fig. 3, 4). The absence of ionizing radiation is
a major advantage in this benign disorder, which often af-
fects young adults and children. Congenital cystic malfor-
mations of the bile ducts may, however, be associated with
adult polycystic disease of the liver and kidney. This may
sometimes represent a diagnostic challenge, and a com-
plete radiologic workup may then require a cholangio-
graphic study in addition to a standard US or CT exami-
nation. Correct diagnosis of cystic biliary malformations
is also important because these lesions may predispose to
the development of cholangiocarcinoma.

Choledochal cysts may be congenital or acquired, and ap-
pear as large cystic masses within the hepatoduodenal
ligament, usually along with an abrupt caliber change.
They may extend to the intrahepatic level, either unilat-
erally or bilaterally. Choledochal cysts may be classified
according to their location and their concentric or asym-
metrical appearance.

Choledochocele is a cyst-like dilatation of the distal por-
tion of the common bile duct with protrusion of the am-
pullary portion into the duodenal lumen. It may be con-
genital or acquired, probably due to stone passage. The
imaging features of choledochocele include a smooth,
club-like cystic mass that protrudes into the duodenal lu-

men, usually along with moderate dilatation of the extra-
hepatic common bile duct.

Caroli’s disease is a congenital ectasia of the intrahepat-
ic bile ducts. Although it is a benign condition, it is as-
sociated with a poor prognosis because it predisposes to
intrahepatic sludge and lithiasis with subsequent cholan-
gitis and abscess formation. The typical radiologic fea-
tures of Caroli’s disease include a saccular, cyst-like ap-
pearance of the intrahepatic bile ducts along with sludge
and/or small calculi. Dilatation of the extrahepatic bile
ducts may be primarily associated, but may also develop
secondarily due to the passage of calculi.

Malignant neoplasms involving the bile ducts typically
present with painless obstructive jaundice [6]. Primary
tumors originating from the bile ducts are referred to as
cholangiocarcinoma. The so-called Klatskin tumor is a
scirrhous form of cholangiocarcinoma, which spreads
within the ductal tissue without a major mass lesion and
is commonly located at the hepatic bifurcation (Fig. 5).
The polypoid, intraductal form and the intrahepatic mass-
like form of cholangiocarcinoma are much less common.
Since advanced cholangiocarcinoma often contains abun-
dant fibrotic components, it may display an increased
contrast uptake on delayed, contrast-enhanced CT or MR
images. Tumors of the distal bile duct, such as ampullary
carcinoma, need to be distinguished from pancreatic car-
cinoma, since prognosis and treatment may be different
(Fig. 6) [7]. A wide variety of secondary neoplasms may
cause obstructive jaundice due to mechanical compres-
sion of the intra- and extrahepatic bile ducts. Carcinoma
of the pancreas, gallbladder, stomach, colon and breast,
and malignant lymphoma need to be considered in this
context.

Gallbladder Disease

US is the method of choice for the diagnosis of gallblad-
der disease. Its sensitivity for gallbladder calculi ap-
proaches almost 100%, and it is also very well suited to
evaluate changes of the gallbladder wall. Cholesterol
polyps are small, benign lesions that adhere to the gall-
bladder wall. They appear as hyperechoic structures of 1-
2 mm and may be easily distinguished from calculi, since
they cast no shadow and are immobile (Fig. 7).

The diagnosis of acute cholecystitis is usually made on
the basis of clinical and radiologic criteria. The ‘sono-
graphic Murphy’s sign’ refers to the maximum point of
tenderness, which is correlated to the gallbladder at US.
Thickening of the gallbladder wall with a hypoechoic lay-
er, enlargement of the gallbladder lumen, and demonstra-
tion of an impacted stone in Hartmann’s pouch are all
useful diagnostic criteria. Acalculous acute cholecystitis
is somewhat more difficult to diagnose, particularly if it
occurs in patients in the intensive care unit who are fast-
ing and thus display a dilated gallbladder with sludge.
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Fig. 7. Cholesterol polyp of the gallbladder. US image showing a
small, strongly hyperechoic polyp at the non-dependent portion of
the gallbladder wall. Such harmless polyps should not be confused
with a neoplastic lesion

Chronic cholecystitis is typically associated with chole-
cystolithiasis, a thickened gallbladder wall and a re-
duced gallbladder lumen. Mirizzi’s syndrome is a com-
plication of chronic calculous cholecystitis: a gallstone
impacted within the cystic duct or Hartmann’s pouch
acts as a foreign body and creates an inflammatory re-
action. Stenosis or obstruction of the adjacent common
hepatic duct may occur either due to this inflammation
or due to direct erosion of the stone through the stone
into the ductal lumen, with a subsequent bilio-biliary
fistula. The imaging features of Mirizzi’s syndrome are
1) bile duct obstruction at the level of the common he-
patic duct with 2) signs of cholecystolithiasis and
chronic gallbladder disease, 3) a stone at the level of ob-
struction and, occasionally, 4) a hypervascularized (in-
flammatory) mass at the level of obstruction. The diag-
nostic features may be demonstrated noninvasively by
means of US, CT, and MR cholangiopancreatography.
Nonetheless, the preoperative workup should always in-
clude direct cholangiography (either ERCP or PTC) be-
cause it is the best technique to demonstrate a bilio-bil-
iary fistula. Correct recognition of bilio-biliary fistula
is important since it may give rise to postoperative bile
leakage if left unrecognized [8].

Gallbladder Carcinoma 1is strongly associated with
long-standing chronic cholecystitis. Since it remains
usually asymptomatic until it causes obstructive jaun-
dice due to external compression of the common bile
duct, diagnosis is often made only at a late stage, when
a large, infiltrating mass is already present. Occasional-
ly, gallbladder carcinoma may be detected on US, CT or

Fig. 8. Gallbladder metastases from malignant melanoma. US shows
large, rounded, soft tissue masses bulging into the gallbladder lumen

MR imaging as a soft tissue mass within an asympto-
matic gallbladder.

Secondary tumors of the gallbladder are uncommon.
Metastases _from melanoma may occur within the gallblad-
der wall and cause typical, rounded mass lesions (Fig. 8).
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Introduction

Patients with gallbladder and biliary disease may present
with complaints of the right upper quadrant or mid-epigas-
tric pain, fever, jaundice, pruritis, nausea, vomiting, or may
be asymptomatic with only laboratory abnormalities.
Technological advances in ultrasound (US), multidetector
computed tomography (MDCT), and magnetic resonance
imaging (MRI) have greatly improved the noninvasive eval-
uation of patients with signs and symptoms of gallbladder
and biliary disease. In many instances, noninvasive imaging
establishes the diagnosis prior to endoscopic or surgical in-
tervention. The differential diagnosis for these patients is
broad and includes infectious, noninfectious inflammatory,
neoplastic, and congenital disorders of the liver, gallblad-
der, and bile ducts. This course uses a patterned approach
to differential diagnosis to discuss and review pathologic
processes that affect the gallbladder and bile ducts.

Gallbladder Wall Thickening

Focal or diffuse gallbladder wall thickening is most com-
monly caused by cholecystitis. Noninflammatory condi-
tions that may produce gallbladder wall thickening include
heart failure, cirrhosis, hepatitis, hypoalbuminemia, and re-
nal failure. Gallbladder carcinoma should be suggested
when there are features of focal mass, lymphadenopathy,
extension of the process to adjacent organs, hepatic metas-
tases, or biliary obstruction at the level of the porta hepatis
[1]. Xanthogranulomatous cholecystitis (XGC) is a pseudo-
tumoral inflammatory condition of the gallbladder that ra-
diologically simulates gallbladder carcinoma. There is a
significant overlap in the CT features of XGC and gall-
bladder carcinoma. Both entities may demonstrate wall
thickening, infiltration of the surrounding fat, hepatic in-
volvement, and lymphadenopathy [2, 3]. Adenomyomatous

hyperplasia is a common tumor-like lesion of the gallblad-
der, with no malignant potential [4]. It may produce focal,
segmental, or diffuse mural thickening. Sonographically,
adenomyomatous hyperplasia is characterized by focal or
diffuse gallbladder wall thickening with echogenic foci and
ring down artifact emanating from the gallbladder wall [5].
The echogenic foci represent bile salts, cholesterol crystals,
or small stones in Rokitansky-Aschoff sinuses. On MR,
Rokitansky-Aschoff sinuses are best visualized on breath-
hold T2-weighted sequences. Accordingly, MR can be use-
ful to distinguish adenomyomatous hyperplasia from gall-
bladder carcinoma (Fig. 1) [6, 7].

Fig. 1. A 48-year-old
man evaluated for
jaundice was found
to have a benign
stricture in the distal
common bile duct
and adenomyoma-
tous hyperplasia of
the gallbladder. a
Longitudinal sono-
gram of the gall-
bladder shows mural
thickening along the
anterior gallbladder
wall and echogenic
foci in the gallblad-
der wall that pro-
duce ring-down re-
verberation artifact.
b Single shot fast
spin echo T2-weight-
ed MR image with
fat saturation shows
multiple  hyperin-
tense foci within the
thickened gallblad-
der wall consistent
with adenomyoma-
tous hyperplasia
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Gallbladder Polypoid Mass

Polypoid gallbladder masses are commonly demonstrat-
ed by US as incidental findings when the gallbladder is
imaged on sonography. Polyps are estimated to be pre-
sent in approximately 3% of gallbladders. The differen-
tial diagnosis for a gallbladder polyp includes choles-
terol polyp, adenoma, adenomyomatous hyperplasia, in-
flammatory polyp, heterotopia, neurofibroma, carcino-
ma, carcinoid tumor, lymphoma, and metastasis. The
majority of gallbladder polyps are benign. The manage-
ment of gallbladder polyps is based on the risk of ma-
lignancy, which increases for polyps greater than 10 mm
in size and in patients over the age of 60. The incidence
of malignancy in polyps greater than 10 mm ranges from
37% to 88% [8]. Therefore, it has been recommended
that patients undergo cholecystectomy for symptomatic
polyps greater than 10 mm. Polyps less than 10 mm
should be followed periodically by US. At sonography,
careful attention should be paid to other features that
suggest malignancy, such as thickening or nodularity of
the gallbladder wall, evidence of hepatic invasion, such
as an indistinct margin between the liver and gallbladder,
biliary duct dilatation, and peripancreatic hepatoduode-
nal ligament adenopathy [1].

Cystic Dilatation of the Extrahepatic Bile Duct

Mechanical biliary obstruction is the most common cause
of extrahepatic bile duct dilatation. Upon initial imaging,
an obstructive lesion should be sought. Once an obstruc-
tive lesion is excluded, congenital etiologies of bile duct
dilatation should be considered. Choledochal cysts, un-
like obstructive dilatation, generally have more focal ex-
trahepatic bile duct dilatation or are typically more ex-
pansive than is usually encountered in mechanical dilata-
tion (Fig. 2). It may be more difficult to differentiate a
choledochal cyst that has mild or fusiform dilatation of
the extrahepatic duct from a duct that is dilated secondary
to an obstructing lesion. In these cases, magnetic reso-
nance cholangiopancreatography (MRCP) and/or endo-
scopic retrograde cholangiopancreatography (ERCP) are
useful to exclude an obstructing lesion and to evaluate the
pancreaticobiliary junction [9]. An anomalous pancreati-
cobiliary junction is commonly observed in patients with
choledochal cyst. Occasionally, pancreatic pseudocysts,
echinococcal cysts, and cystic biliary neoplasms such as
biliary cystadenoma or biliary cystadenocarcinoma may
occur in or around the porta hepatis, simulating a biliary
dilatation and choledochal cyst. The appearance of rim-
like calcification and enhancing septations or mural nod-
ules should help to establish the diagnosis of a biliary
cystadenoma or cystadenocarcinoma. Likewise,
echinococcal cysts generally have evidence of inner
membranes, daughter cysts, or rim-like peripheral calci-
fication. MR of echinococcal cysts may show a low-

Fig.2. Choledochal cyst in a three-year-old boy evaluated for a pal-
pable right upper quadrant mass. a Transverse sonogram at the lev-
el of the pancreatic head shows dilatation of the common bile duct.
b MRCP shows a Todani Type IV choledochal cyst with marked
extrahepatic bile duct dilatation extending into the right and left he-
patic ducts, cystic duct, and gallbladder

signal intensity fibrous capsule and membranes on T2-
weighted images.

Cystic Dilatation of Intrahepatic Bile Ducts

Similar to extrahepatic duct dilatation, a mechanical bil-
iary obstruction is the most common cause of intrahep-
atic bile duct dilatation. Intrahepatic biliary dilatation in
mechanical obstruction is generally tubular and lacks fo-
cal stricture formation. Caroli disease, recurrent pyo-
genic cholangitis, polycystic liver disease, primary scle-
rosing cholangitis, choledochal cyst, and peribiliary
cysts should be included in the differential diagnosis of
cystic intrahepatic biliary dilatation. Caroli disease is
suggested by focal or diffuse biliary dilatation that is
cystic or fusiform in character (Fig. 3) [10, 11]. When
diffuse involvement is present, the bile ducts converge
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Fig.3. Caroli disease in a 23-year-old man who complained of ab-
dominal pain. a Sagittal sonogram of the liver shows multiple cys-
tic spaces in the posterior right lobe. b MRCP shows high signal
intensity within these cysts. ¢ Photograph of the resected liver
shows focal cystic dilatation of the intrahepatic bile ducts

toward the porta hepatis. Echogenic intraductal sludge or
inflammatory debris may be present, as well as
echogenic stones with posterior acoustic shadowing. The
most important differential diagnosis for patients with
suspected Caroli disease is recurrent pyogenic cholangi-
tis, which is characterized by biliary dilatation with in-
trahepatic stone formation. The left hepatic lobe is more
commonly involved than the right in recurrent pyogenic
cholangitis. Polycystic liver disease may mimic Caroli
disease. However, in most cases, the bile ducts in poly-
cystic liver disease are intrinsically normal; only rarely
do cysts communicate with the bile ducts.

Although intrahepatic bile duct dilatation is a feature
of primary sclerosing cholangitis, the duct dilatation is
typically fusiform and isolated. The degree and extent
of duct dilatation in primary sclerosing cholangitis is
not as severe as that in obstructive biliary dilatation,
Caroli disease, or recurrent pyogenic cholangitis be-
cause fibrosis, stricture formation, and secondary cir-
rhosis are the major features of primary sclerosing
cholangitis.

Choledochal cyst should be considered in the differen-
tial diagnosis when both intrahepatic and extrahepatic
duct dilatations are present. In general, patients with
choledochal cyst will have more severe extrahepatic di-
latation when compared to the degree of intrahepatic di-
latation.

Multiple peribiliary cysts in sequence may simulate
bile duct dilatation that has a beaded or saccular ap-
pearance [12]. The bile ducts adjacent to peribiliary
cysts are normal. Therefore, correct diagnosis depends
upon visualization of a normal bile duct. Peribiliary
cysts are usually associated with various hepatic dis-
eases such as cirrhosis, polycystic liver disease, portal
hypertension, portal vein obstruction, and metastatic
disease.

Biliary Stricture

Focal narrowing or structuring in the biliary ducts may be
secondary to neoplasia, inflammation, trauma (iatrogenic
or noniatrogenic), or mass effect from adjacent processes
[13, 14]. The location of biliary strictures narrows the dif-
ferential diagnosis. Strictures at the level of the porta he-
patis (in or near the confluence of the right and left he-
patic ducts) may be secondary to hilar cholangiocarcino-
ma (Klatskin tumor) (Fig. 4), inflammation, or vascular
impressions. Strictures in the mid portion of the extra-
hepatic bile duct are commonly related to diseases of the
gallbladder, such as carcinoma that has invaded the cys-
tic duct and hepatoduodenal ligament, or inflammatory
conditions, such as impaction of a stone in the cystic duct
(Mirrizi syndrome). Distal extrahepatic strictures may be
due to inflammatory or neoplastic diseases of the pan-
creas, primary carcinomas of the bile duct or ampulla,
sphincter of Oddi dysfunction, or less commonly, infec-
tious papillitis that may be seen in AIDS cholangiopathy.
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Fig. 4. Hilar cholangiocarcinoma in a 40-year-old man who com-
plained of abdominal pain. Coronal MRCP (a) and percutaneous
transhepatic cholangiogram (b) show a hilar stricture and mild in-
trahepatic biliary dilatation

Conclusions

A patterned approach to differential diagnosis of gall-
bladder and biliary duct disease is useful and may be ap-
plied to findings identified with all the noninvasive imag-
ing techniques.
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Introduction

Clinically, one can distinguish two major settings of
adrenal disorders: a small group of patients with clinical
and laboratory findings of adrenal endocrinopathy, and a
second, much larger group of patients, with an inciden-
tally found enlargement of the adrenal glands. The diag-
nostic approach to these two groups is totally different;
in the first category imaging methods are used for local-
ization of an adrenal pathology, while in the second
group the lesion is found in the course of a routine imag-
ing examination or while staging a malignant primary tu-
mor [1-5].

Adrenal masses are seen at autopsy in 2-10% of all pa-
tients and metastases are found postmortem in the adren-
al glands in up to 26% of patients with primary extra-
adrenal malignancies. It is thus not surprising that adren-
al mass lesions are quite common incidental findings
during imaging of the abdomen. However, even in an on-
cologic setting, many adrenal lesions are benign, mostly
non-hyperfunctioning adenomas, resulting in the need for
a reliable method to discriminate between these lesions
and malignant masses [6-7].

Normal Radiological Anatomy of the Adrenal Glands

The adrenal glands are enclosed within the perinephric
fascia and are usually surrounded by a sufficient amount
of fat for identification on computed tomography (CT) or
magnetic resonance imaging (MRI). The right adrenal
gland lies immediately posterior to the inferior vena cava
(IVC). The left adrenal gland lies anteromedial to the up-
per pole of the left kidney and posterior to the pancreas
and splenic vessels. The shape of the adrenals can vary,
depending on the orientation of the gland and the level of
the image, but the normal adrenal gland has an arrowhead
configuration, with a body and medial and lateral limbs.
The normal adrenals extend over 2-4 cm in the cranio-
caudal direction, and on CT the thickness of the normal
adrenal body and limbs does not exceed 10-12 and 5-6
mm, respectively [8].

Computed Tomography
Unenhanced (T

At CT, certain imaging findings indicate a higher likeli-
hood of lesion malignancy. Lesions greater than 5 cm in
diameter tend to be either metastases or primary adrenal
carcinomas. However, size alone is poor at discriminating
between adenomas and non-adenomas. Using 3.0 cm as
the size cut-off, the specificity of such a discrimination is
only 79% and the sensitivity is 84% [9].

Rapid change in size suggests malignancy because
adenomas are slow-growing lesions. Although it has been
suggested that adenomas have a smooth contour, where-
as malignant lesions have an irregular shape, there is a
very large overlap between the two groups, and shape is
therefore not a helpful differentiating feature.

Adenomas have a high intra-cellular lipid content,
which lowers their attenuation value. If an adrenal mass
measures 0 HU or less (with a threshold attenuation val-
ue of 0 HU), the specificity of the mass being an adeno-
ma is 100%, but the sensitivity is an unacceptable 47%.
Boland et al. [9] performed a meta-analysis of ten stud-
ies, and demonstrated that if a threshold attenuation val-
ue of 10 HU was adopted, the specificity was 98% and
the sensitivity increased to 71%. Therefore, in clinical
practice, 10 HU is the most widely used threshold atten-
uation value for the diagnosis of an adrenal adenoma [9].

Contrast-enhanced (T

Contrast-enhanced CT is a CT scan acquired after the ad-
ministration of intravenous contrast medium. CT contrast
media contain iodine with a very high density and hence a
high attenuation value. The contrast medium is usually ad-
ministered into an antecubital vein and injected at variable
rates. The CT images are acquired at variable time intervals
after the administration of contrast medium, and uptake of
the contrast medium is termed ‘contrast enhancement’.
Contrast enhancement is directly proportional to the vascu-
larity of the enhancing structure. The increase in attenuation
values of adrenal masses after contrast administration is a di-
rect measurement of their contrast enhancement properties.
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On non-contrast-enhanced CT, up to 30% of benign
adenomas have an attenuation value greater than 10 HU
and are considered to be lipid poor. Malignant lesions are
also lipid poor. Characterization of adrenal masses using
contrast-enhanced CT utilizes the different physiological
perfusion patterns of adenomas and metastases. Adenomas
enhance rapidly after contrast administration and also
demonstrate a rapid loss of contrast medium — a phenom-
enon termed contrast washout. Metastases also enhance
rapidly but show a slower washout of contrast medium
(Fig. 1). In a standard abdominal CT obtained for staging
patients with cancer, the CT images are acquired 60 sec-
onds after contrast administration. Attenuation values of
adrenal masses obtained 60 seconds after contrast medium
injection show too much overlap between adenomas and
malignant lesions to be of clinical value. Adrenal masses
with CT attenuation value measuring less than 30 HU, on
delayed images obtained 10-15 minutes after contrast en-
hancement are almost always adenomas. However, the per-
centage of contrast washout between initial enhancement
(at 60 seconds) and delayed enhancement (at 15 minutes)
can be used to differentiate adenomas from malignant le-
sions. Measurement of the attenuation value of the mass
before injection of contrast medium, at 60 seconds after
injection of contrast medium and then again at 10-15 min-
utes, are made using an electronic cursor. These absolute
contrast medium enhancement washout values are only
applicable to relatively homogeneous masses without large
areas of necrosis or hemorrhage. It has been shown that
washout of contrast from adenomas occurs much faster
than from metastases. Both lipid-rich and lipid-poor ade-
nomas behave similarly, because this property of adeno-
mas is independent of their lipid content [10-15].

The percentage of absolute enhancement washout can
be thus calculated:

% washout =
enhanced attenuation value — delayed attenuation value

- - x 100
enhanced attenuation value — non-enhanced attenuation value

The enhanced attenuation value is the attenuation val-
ue of the mass, measured in HU, 60 seconds after contrast
administration. The delayed attenuation value is the at-
tenuation value of the mass, measured in HU, 10-15 min-
utes after contrast administration [10-11].

If the percentage absolute enhancement washout is
60% or higher, this has a sensitivity of 88% and a speci-
ficity of 96% for the diagnosis of an adenoma. However,
the measurement of this absolute contrast medium en-
hancement washout requires an unenhanced image.
Frequently in clinical practice, only post-contrast images
are available. In these patients, the percentage ‘relative’
enhancement washout can be thus calculated:

% relative washout =
enhanced attenuation value — delayed attenuation value

- x 100
enhanced attenuation value

The enhanced and delayed attenuation values are mea-
sured as described previously.

Fig.1. Adrenal metastasis. (a) A 3 cm left adrenal mass measures 34
HU on the unenhanced scan. (b) After contrast administration it en-
hances to 64 HU. (¢) The mass measures 59 HU on delayed images
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At 15 minutes, if a relative enhancement washout of
40% or higher is achieved, this has a sensitivity of 96-
100% and a specificity of 100% for the diagnosis of an
adenoma. Therefore a combination of unenhanced CT and
enhancement washout characteristics correctly separates
nearly all adrenal masses as adenomas or metastases [15].

Magnetic Resonance Imaging
Conventional Spin-echo Imaging

Early reports were enthusiastic about the ability of MRI
to differentiate benign from malignant adrenal masses on
the basis of signal intensity (SI) differences on T2-
weighted spin-echo images. In general, metastases and
carcinomas have a higher fluid content than adenomas
and therefore are of higher SI on T2-weighted images
than the surrounding normal adrenal gland. Adenomas
are homogeneously iso- or hypo-intense compared with
the normal adrenal gland. However, considerable overlap
exists between the signal intensities of adenomas and
other lesions, and up to 31% of lesions remain indeter-
minate [16-18].

Gadolinium-enhanced Magnetic Resonance Imaging

The accuracy of MRI in differentiating benign from ma-
lignant masses can be improved after intravenous
gadolinium injection on gradient echo sequences. As with
CT, adenomas show enhancement after administration of
gadolinium with quick washout, whereas malignant tu-
mours and pheochromocytomas show strong enhance-
ment and slower washout. Uniform enhancement (capil-
lary blush) on post-gadolinium capillary phase has been
reported in up to 70% of adenomas, but is rare in other
masses. In addition, adenomas often show a thin rim of
enhancement in the late phase of gadolinium-enhanced
images. Metastases frequently have heterogeneous en-
hancement. However, as with signal characteristics, there
is considerable overlap in the characteristics of benign
and malignant masses, limiting the clinical applicability
of this technique to distinguish adenomatous from malig-
nant masses [19-20].

Chemical-shift Imaging

Chemical-shift imaging (CSI) relies on the fact that,
within a magnetic field, protons in water molecules os-
cillate or precess at a slightly different frequency than the
protons in lipid molecules. As a result, water and fat pro-
tons cycle in- and out-of-phase with respect to one an-
other. By selecting appropriate sequencing parameters,
images can be acquired with the protons oscillating in
and out of phase. The SI of a pixel on an in-phase image
is derived from the signal of water plus fat protons, if wa-
ter and fat are present in the same pixel. On out-of-phase
sequences, the SI is derived from the difference of the

signal intensities of water and fat protons. Therefore, ade-
nomas that contain intracellular lipid lose SI on out-of-
phase images compared with in-phase images (Fig. 2),
whereas metastases that lack intracellular lipid remain
unchanged [21-23].

There are several ways of assessing the degree of loss
of SI. Quantitative analysis can be made using a variety
of ratios, essentially comparing the loss of signal in the
adrenal mass with that of liver, paraspinal muscle or
spleen on in-phase and out-of-phase images. However,
fatty infiltration of the liver (particularly in oncology pa-
tients receiving chemotherapy) and iron overload make
the liver an unreliable internal standard. Fatty infiltration
might also affect skeletal muscle, although to a lesser ex-

Fig. 2. Left adrenal adenoma in a patient with lung cancer.
Chemical-shift MRI shows significant signal decrease on opposed
phase (b), compared to the in-phase image (a)
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tent. The spleen has been shown to be the most reliable
internal standard, although this might also be affected by
iron overload [21].

To calculate the adrenal lesion to spleen ratio (ASR),
regions of interest are used to acquire the SI within the
adrenal mass and the spleen from in-phase and out-of-
phase images. The ASR reflects the percentage signal
drop-off within the adrenal lesion compared with the
spleen and it can be calculated as follows:

ASR =
SI lesion (out-of-phase) / SI spleen (out-of-phase)
SI lesion (in-phase) / SI spleen (in-phase)

An ASR ratio of 70 or less has been shown to be 100%
specific for adenomas but only 78% sensitive [21-23].

Simple visual assessment of relative signal intensity
loss is just as accurate, but quantitative methods might be
useful in equivocal cases. A signal intensity loss within
an adrenal mass on out-of-phase images of greater than
20% is diagnostic of an adenoma [24].

The combination of spin-echo signal characteristics,
gadolinium enhancement and CSI is currently 85-90%
accurate in distinguishing adenomas from non-adenomas.

There are few direct comparisons between CT and
MRI. Evidence from one histological study showed that
because both non-contrast CT alone and CSI rely upon
the same property of adenomas, namely their lipid con-
tent, the techniques correlate.

x 100

Positron Emission Tomography

Whole body positron emission tomography (PET) with
18-F-fluorodeoxyglucose (18-FDQG) allows malignant
adrenal lesions to be recognized. The contribution of 18-
FDG PET has been well evaluated in large studies in re-
lation to lung cancer, and is highly accurate in differenti-
ating benign non-inflammatory lesions from malignant
disease. Using 18-FDG PET, these studies have shown a
100% sensitivity and specificity for the diagnosis of ma-
lignant adrenal mass when CT or MRI identify enlarged
adrenal glands or a focal mass. Recent studies have re-
ported false positive results as a result of 18-FDG uptake
by pheochromocytomas and benign adenomas. For the
diagnosis of a malignant adrenal tumour, the positive pre-
dictive value of 18-FDG PET was 100% and the negative
predictive value (NPV) to rule out malignancy was also
100%. Within these study populations, 18-FDG PET al-
so has the ability to detect metastatic lesions in non-en-
larged adrenal glands, but its accuracy in this situation
has not been fully evaluated. In addition, 18-FDG PET
has the advantage of simultaneously detecting metastases
at other sites. However, in some countries, PET is not
readily available. Nevertheless, it is a useful tool for eval-
uating masses that are indeterminate by both CT and
MRI. PET can substitute for percutaneous biopsy and has
the advantage of being non-invasive and therefore a safer
investigation for the patient [25].

Percutaneous Adrenal Biopsy

With improved imaging and recent techniques, such as
contrast medium washout measurement on CT and chem-
ical-shift MRI, only a small proportion of adrenal mass-
es cannot be characterized accurately and require percu-
taneous biopsy for diagnosis. However, before percuta-
neous biopsy, the possibility of a pheochromocytoma
must be excluded because of the risk of an adrenal crisis
induced by the biopsy. In a recent study by Harisinghani
et al. [26], the NPV of adrenal biopsies was shown to be
between 98% and 100%. In this study, 225 CT-guided
biopsies were evaluated, where no malignant lesion was
missed on the first biopsy. It was concluded that a single
negative biopsy for malignancy can be regarded as a true
negative, and there is no necessity to repeat the biopsy.
Percutaneous CT-guided adrenal biopsy is a relatively
safe procedure in patients with a known extra-adrenal
malignancy. Minor complications of adrenal biopsy in-
clude abdominal pain, hematuria, nausea and small pneu-
mothoraces. Major complications, generally regarded as
those requiring treatment, occur in 2.8-3.6% of cases and
include pneumothoraces requiring intervention, and hem-
orrhage. There are also isolated reports of adrenal ab-
scesses, pancreatitis and seeding of metastases along the
needle track [26].

References

1. Korobkin M, Francis IR (1995) Adrenal Imaging. Semin
Ultrasound CT MR 16:317-330
2. Krestin GP (1999) Genitourinary MR: kidneys and adrenal
glands. Eur Radiol 9:1705-1714
3. Reznek RH, Armstrong P (1994) The adrenal gland. Clinical
Endocrinology 40:561-576
4. Pender SM, Boland GW, Lee MJ (1998) The incidental non-
hyperfunctioning adrenal mass: an imaging algorithm for char-
acterization. Clin Radiol 53:796-804
5. Dunnick NR, Korobkin M (2002) Imaging of adrenal inci-
dentalomas: current status. AJR Am J Roentgenol 179:559-
568
6. Glazer HS, Weyman PJ, Sagel SS et al (1982) Nonfunctioning
adrenal masses: Incidental discovery on computed tomogra-
phy. AJR Am J Roentgenol 139:81-85
7. Mitnick JS, Bosniak MA, Megibow AJ, Naidich DP (1983)
Non-functioning adrenal adenomas discovered incidentally on
computed tomography. Radiology 148:495-499
8. Vincent JM, Morrison ID, Armstrong P, Reznek RH (1994)
The size of normal adrenal glands on computed tomography.
Clinical Radiology 49:453-455
9. Boland GW, Lee MJ, Gazelle GS et al (1998) Characterization
of adrenal masses using unenhanced CT: an analysis of the CT
literature. AJR Am J Roentgenol 171:201-204
10. Korobkin M, Brodeur FJ, Francis IR et al (1998) CT time-at-
tenuation washout curves of adrenal adenomas and nonadeno-
mas. AJR Am J Roentgenol 170:747-752
11. Szolar DH, Kammerhuber F (1997) Quantitative CT evalua-
tion of adrenal gland masses: a step forward in the differenti-
ation between adenomas and nonadenomas? Radiology
202:517-521
12. Boland GW, Hahn PE, Peiia C, Mueller PR (1997) Adrenal
masses: characterization with delayed contrast-enhanced CT.
Radiology 202:693-696



126

R.H.Reznek, G.P. Krestin

1

w

14.

15.

16.

17.

18.

19.

20.

. Caoili EM, Korobkin M, Francis IR et al (2000) Delayed en-

hanced CT of lipid-poor adrenal adenomas. AJR Am J
Roentgenol 175:1411-1415

Pefia CS, Boland GW, Hahn PF et al (2000) Characterization of
indeterminate (lipid-poor) adrenal masses: use of washout char-
acteristics at contrast-enhanced CT. Radiology 217:798-802
Korobkin M (2000) CT characterization of adrenal masses: the
time has come. Radiology 217:629-632

Baker ME, Blinder R, Spitzer C et al (1989) MR evaluation of
adrenal masses at 1.5 T. AJR Am J Roentgenol 153:307-312
Heinz-Peer G, Honigschnabl S, Schneider B et al (1999)
Characterization of adrenal masses using MR imaging with
histopathologic correlation. AJR Am J Roentgenol 173:15-22
Peppercorn PD, Reznek RH (1997) State-of-the-art CT and
MRI of the adrenal gland. Eur Radiol 7:822-836

Krestin GP, Friedman G, Fischbach R et al (1991) Evaluation
of adrenal masses in oncologic patients: dynamic contrast-en-
hanced MR vs CT. J Comput Assist Tomogr 15:104-110
Krestin GP, Steinbrich W, Friedmann G (1989) Adrenal
Masses: Evaluation with fast gradient-echo MR imaging and

21.

22.

23.

24.

25.

26.

Gd-DTPA-enhanced dynamic studies. Radiology 171:675-680
Mitchell DG, Crovello M, Matteucci T et al (1992) Benign
adrenocortical masses: diagnosis with chemical shift MR
imaging. Radiology 185:345-351

Outwater EK, Siegelman ES, Radecki PD et al (1995)
Distinction between benign and malignant adrenal masses:
Value of T1- weighted chemical-shift MR imaging. AJR Am J
Roentgenol 165:579-583

Tsushima Y, Ishizaka H, Matsumoto M (1993) Adrenal mass-
es: differentiation with chemical shift, fast low-angle shot MR
imaging. Radiology 186:705-709

Korobkin M, Lombardi TJ, Aisen AM et al (1995)
Characterization of adrenal masses with chemical shift and
gadolinium enhanced MR imaging. Radiology 197:411-418
Maurea S, Mainolfi C, Bazzicalupo L et al (1999) Imaging of
adrenal tumors using FDG PET: comparison of benign and
malignant lesions. AJR Am J Roentgenol 173:25-29
Harisinghani MT, Maher MM, Hahn PF et al (2002) Predictive
value of benign percutaneous adrenal biopsies in oncology pa-
tients. Clin Radiol 57:598-901



L LIDKD 2006

Radiologic Approach to Solid and Cystic Renal Masses

S.G. Silverman?, D.S. Hartman?2

! Division of Abdominal Imaging and Intervention, Department of Radiology, Brigham and Women's Hospital, Boston, MA, USA

2 Department of Radiology, Penn State University, Hershey, PA, USA

Introduction

Renal mass-like lesions are ubiquitous. Fortunately, most
are benign. The most common renal mass is a benign
cyst. In fact, pathologic investigations have shown that
approximately one-half of the population over the age of
50 has one or more renal cysts [1]. Computed tomogra-
phy (CT) investigations show that one-quarter to one-
third of patients over 50 years of age has at least one cyst
[2]. Renal cell carcinoma (RCC) is most commonly iden-
tified because of the widespread use of cross-sectional
imaging in the abdomen, either by CT or ultrasound
(US), usually performed for a non-renal complaint [3].
With advances in CT and US technology, radiologists are
detecting more masses and characterizing cysts as small
as 5 mm [4]. Similarly, small solid masses may be also
characterized with confidence.

To determine whether a solid or cystic renal mass is be-
nign or malignant, the mass is initially examined by US,
CT, magnetic resonance imaging (MRI), or a combination
of these techniques [5]. Occasionally, percutaneous biop-
sy is needed [6]. For lesions considered indeterminate af-
ter an imaging evaluation, there are many factors that con-
tribute to the management of an individual case, including
patient needs, co-morbidity, equipment availability, and
the experience of the radiologist and urologist [4].

The differential diagnosis of mass-like lesions of the
kidney includes pseudotumors, cysts, inflammatory le-
sions, and neoplasia. Pseudotumors refers to normal vari-
ants that mimic renal masses, and include persistent fetal
lobation, column of Bertin, and hypertrophied parenchy-
ma. These entities might cause a renal contour abnormal-
ity that mimics a renal mass. However, these entities are
generally identified at CT by noting that they are iso-
dense compared to normal renal parenchyma at all phas-
es of the examination. Inflammatory lesions are caused
by infection, vascular infarction, and trauma. These le-
sions are often diagnosed in the appropriate clinical set-
ting but may also be identified on the basis of their radi-
ologic appearance. Thickening of Gerota’s fascia and per-
inephric stranding may be indicative of an inflammatory
etiology. Pseudotumors and inflammatory lesions should
always be considered first when a mass-like lesion is en-

countered in the kidney. After their exclusion, solid and
cystic renal masses may be considered. This article fo-
cuses on solid and cystic renal masses and summarizes an
approach that is useful in clinical practice.

Solid Renal Masses

Solid renal masses contain little or no liquid components,
and when examined with CT or MRI, usually (but not al-
ways) consist of predominantly enhancing tissue.
Enhancement is an important feature; the presence of un-
equivocal enhancement by CT or MRI signifies that the
lesion has a blood supply and is solid. Solid tumors may
be benign or malignant. Benign entities encountered in
clinical practice include angiomyolipoma and oncocy-
toma. RCC is the most common malignant tumor of the
kidney, but other entities such as transitional cell carci-
noma, lymphoma, and metastases may present as solitary,
solid renal masses.

Although most solid renal masses in adults are due to
RCC, a substantial fraction of solid renal masses are be-
nign. A recent study of 2,770 resections of solid renal
masses found that 12.8% were benign [7]. When strati-
fied by size, benign masses represented 25% of those
smaller than 3 c¢cm, 30% of masses less than 2 cm, and
44% of masses smaller than 1 cm. Most benign solid re-
nal masses were angiomyolipomas and oncocytomas.

When a solid renal mass is encountered on US, CT, or
MRI, a diagnosis of angiomyolipoma should be consid-
ered first — well before other entities are contemplated.
These lesions are benign and should remain untreated.
Large (> 3 cm) lesions may bleed, and therefore should
be noted in the patient’s medical record, but the risk of
bleeding is not high enough to warrant either surgery of
frequent follow-up. Most angiomyolipomas can be diag-
nosed with confidence by identifying the presence of fat,
indicated by a CT attenuation of less than -10 HU, within
a non-calcified renal mass [8]. There have been case re-
ports of fat within calcified [9-12] and non-calcified [13]
RCC and atypical Wilms’ tumors [14], and investigators
have cautioned that large malignant renal tumors may ap-
pear to contain fat because they have engulfed sinus or
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perirenal fat [15, 16]. Approximately 5% of angiomy-
olipomas contain little or no fat cells, and therefore do
not show evidence of fat in imaging studies. Most an-
giomyolipomas with minimal or no fat present as small
(£ 3 cm) hyperdense, homogeneously enhancing renal
masses [17] (Fig. 1). However, masses with these features
also may represent RCC (particularly the papillary sub-
type) (Fig. 2). Therefore, discriminating angiomyolipo-
mas with minimal or no fat, from renal cancers (short of
resection) requires a percutaneous biopsy. Biopsy can be
used to diagnose renal cancers and angiomyolipomas [6].
Small, hyperdense, enhancing masses are referred to ra-
diologists for ablation and it is in this clinical setting that
biopsy has been found to be useful [18].

Oncocytomas are generally considered as benign tu-
mors [19, 20]. Homogeneous enhancement and a central
scar have been described [21, 22], but are not pathogno-
monic. These features have also been described in onco-
cytic RCC. These features may suggest an oncytoma or
an oncocytic RCC, which means that less aggressive ap-
proaches (e.g., partial nephrectomy, percutaneous tumor
ablation) may be considered.

Excluding angiomyolipomas and oncocytomas, the
majority of solid renal masses are RCC. Therefore, a sol-

Fig. 1. Incidental, hyperdense mass in a 59-
year-old female. (a) Transverse unenhanced
CT shows a 4 cm hyperdense (56 HU) mass
(arrow) in the upper pole of the left kidney
with no evidence of fat. (b) Transverse CT
shows enhancement of the mass (128 HU)
(arrow). Angiomyolipoma with minimal fat
was found at partial nephrectomy

Fig.2. Small, hyperdense, enhancing mass in
a 55-year-old male with bladder carcinoma.
(a) Transverse unenhanced CT of the mass
shows a 3 cm mass (arrow) in the upper pole
of the right kidney with an attenuation of 43
HU and a central calcification. (b)
Transverse CT shows enhancement of the
mass (arrow) to 62 HU. Papillary renal cell
carcinoma was found at nephrectomy

id renal tumor (after a benign tumor is excluded) is typi-
cally treated with surgical resection. Percutaneous abla-
tion may be considered for small (£ 3 cm) tumors, or
larger tumors in patients who need nephron-sparing
surgery such as those with co-morbid disease [23].
Percutaneous biopsy plays an important role in the
evaluation of the solid renal mass [6]. There are six clini-
cal scenarios which may merit biopsy when a solid mass
is identified with imaging. First, biopsy is indicated in pa-
tients with an extra-renal primary malignancy and a solid
renal mass which may be considered both a renal metas-
tasis and a RCC (second primary). Second, biopsy pro-
vides a tissue diagnosis and allows therapy to be institut-
ed in patients who have unresectable RCC. Third, renal
mass biopsy should be considered in patients with renal
mass-like lesions of potentially infectious origin, but
which cannot be diagnosed clinically. The fourth indica-
tion is in a patient with a solitary kidney, renal insuffi-
ciency, or other medical co-morbidities, and pathology
confirmation is needed before a partial nephrectomy (with
its attendant surgical morbidity and potential for compro-
mising renal function) is performed. The fifth indication
is somewhat controversial. As described above, when en-
countering a small, homogeneously enhancing renal mass,
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biopsy may be used to diagnose angiomyolipomas so that
these patients do not unnecessarily undergo surgical re-
section or ablation. Similarly, biopsy should be used to di-
agnose renal masses prior to ablation. Patients referred for
ablation might have benign masses [18].

Cystic Renal Masses

Approximately 10% of cases of RCC present as a fluid-
filled, cystic mass [24-26]. Simple, uncomplicated cysts
can be accurately diagnosed by US, CT or MRI.
Although uncommon, these simple cysts may be com-
plicated by hemorrhage, infection, or ischemia. As part
of the reparative process, complicated cysts demonstrate
acute and chronic inflammatory changes with granula-
tion tissue that may include neovascularity and calcifi-
cation (Fig. 3). On gross examination, a complicated
cyst is often indistinguishable from cystic RCC. The pre-
cise differentiation of cystic renal carcinoma from com-
plicated cyst is performed by microscope. RCC is best
treated by surgical excision or by ablation. A cyst is not
simple if it has any of the following: calcification, hy-
perdensity/high signal, septations, multiple locules, en-

Fig.3. Patterns of calcification. (a) Punctate (upper arrow), milk of calcium (lower arrow).
(b) nodular (upper arrow), septal (lower arrow). (¢) Peripheral. Reprinted with permission

from [26]

hancement, nodularity or wall thickening (Fig. 4).
Although microscopic evaluation is required for precise
diagnosis, there are certain radiological findings that are
reliable for differentiation of a complicated cyst from a
cystic RCC. The goal of the radiologist is to categorize
each cystic renal mass as nonsurgical (i.e. benign) or as
surgical. Although most cystic renal masses can thus be
appropriately classified and correctly managed, there is
a subset of cystic masses that are probably benign but do
not fulfill either the benign or the surgical criteria and
thus should be followed.

When following cystic lesions that are probably be-
nign, surgery can be avoided in many patients [25]. When
a lesion is to be followed, it is important to communicate
to the referring physician and to the patient the impor-
tance of complying with the follow-up recommendations.
Follow-up time for these lesions has not been definitive-
ly determined, but an initial re-examination after three to
six months, followed by an annual examination is rea-
sonable. The total time for follow-up is also subjective.
Five year follow-up is probably adequate in older pa-
tients, whereas a longer follow-up is prudent in younger
patients. When evaluating for changes, it is important to
compare the current study to the earliest images, not on-

Fig.4. Patterns of septation within a cystic mass. (a) Thin (arrow). (b) Thick (arrow). (¢) Irregular and enhancing (arrow). Fig. 4a. Reprinted

with permission from [26]
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ly the most recent. Change is often slow and only recog-
nized by comparing the oldest and current images.

Table 1 presents the guidelines for cystic renal mass-
es: ignore, excise or follow. When evaluating cystic renal
masses, it is always important to consider the patient’s
pretest probability for disease (e.g. Von Hippel Lindau
disease) and the patient’s ability to tolerate uncertainty,
especially if a lesion is to be followed.

Percutaneous biopsy of indeterminate cystic renal
masses remains controversial at best. Indeterminate cys-
tic renal masses that are benign usually represent com-
plicated cysts that contain inflammatory changes [27]. As
a result, biopsy specimens obtained from the cyst’s wall
or fluid typically contains only renal epithelial cells, in-
flammatory cells, and fibrous tissue, material which can-
not be used for a specific benign diagnosis [28].
Retrieving no malignant cells still leaves the radiologist,
referring physician, and patient with the possibility that
the lesion was improperly sampled or missed. Therefore,
complete surgical resection is the only procedure that al-
lows a definitive tissue diagnosis to be obtaineid.
However, follow-up is not definitive because there is no
known period of follow-up that can result in a confirma-
tion of the benign diagnosis based on the lack of growth
or change in appearance of the mass. As many indeter-
minate cystic renal masses are benign, proceeding direct-
ly to surgery would result in unnecessary surgery in many
patients. Furthermore, some patients have co-morbidities
that place the patient at risk for surgery. Recently it was
shown that biopsy was avoided in 39% of patients with
co-morbid disease and an indeterminate cystic renal mass
[29]. Therefore, biopsy may be helpful in selected cir-
cumstances, such as patients who have co-morbidities
that increase the risk of surgical exploration. In these pa-
tients, biopsy results serve as additional data that can be
combined with imaging data to render a probable clinical

Table 1. Cystic renal masses: ignore, excise or follow

diagnosis. However, it should be emphasized to the pa-
tient and referring physician that cystic renal mass biop-
sy results, particularly in the absence of malignant cells,
are typically not definitive alone.
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Urinary Tract Obstruction

In most patients, ureteral obstruction results from an
acute process with associated symptoms. Some contro-
versy exists as to which imaging studies are best for in-
vestigating suspected ureteral obstruction. In most hospi-
tals in the United States, non-contrast helical computed
tomography (CT) is preferred because it is safe and ex-
tremely rapid, and the accuracy rate for detecting ureter-
al stones, the most common cause of ureteral obstruction,
exceeds that of other imaging studies. Other causes of
acute abdominal pain, such as appendicitis, leaking aor-
tic aneurysm, and diverticulitis, can also be readily diag-
nosed and occur in 13-19% of cases. Non-contrast heli-
cal CT has an overall accuracy of 97% for diagnosing
ureteral stone disease [1-8]. This far exceeds the accura-
cy of intravenous urography (IVU) or ultrasonography
(US) (See Table 1). Regardless of composition, virtually
all ureteral stones have high attenuation values, making
them readily detectable with CT. Nonmineralized matrix
stones and some drug-related stones (due, for example, to
protease inhibitors) may not be visible on CT images, but
are rarely encountered.

The proper technique for performing noncontrast heli-
cal CT to detect ureteral stone disease using a helical
scanner includes 5 mm collimation scanning from the top
of the kidneys to the base of the bladder without intra-
venous or oral contrast material. Scans should be ob-

tained during a single breath hold or in clusters. A pitch
of 1-1.5 is preferable. Using a 16 slice MDCT, collima-
tion of 1.5 mm is appropriate. In order to reduce radia-
tion dose, a variable mA 1is used for each slice, based on
beam attenuation. For the obese patient, a fixed mA equal
to his/her weight in pounds will usually suffice. The ex-
pected dose is 30-40 mSv. Review of the images in cine
mode on a workstation facilitates continuous identifica-
tion of the ureter and workflow. Three-dimensional (3D)
reconstructions are usually not necessary.

In addition to direct visualization of the ureteral stone,
secondary signs of ureteral obstruction include unilateral
nephromegaly, perinephric stranding, hydronephrosis,
and periureteral stranding. The combination of per-
inephric stranding and unilateral hydronephrosis has a
positive predictive value of 96% for the presence of stone
disease. The absence of both of these signs has a negative
predictive value of 93% for excluding stone disease. CT
also gives information that determines therapy. Stones
that are 5 mm or less in size, of smooth shape, and lo-
cated within the distal third of the ureter are likely to pass
spontaneously [9].

The major pitfall of noncontrast helical CT evaluation
of the urinary tract for stone disease is the difficulty in
distinguishing pelvic phleboliths from ureteral calculi.
The presence of a tissue ‘rim’ sign usually indicates that
the calcification is a stone rather than a phlebolith.
Alternatively, the absence of the tissue rim sign, or pres-

Table 1. Diagnostic performance for CT, US, and IVU for detection of ureteral stones

Lead author Year of publication N Stone + Test Sensitivity Specificity
Catalano 2002 181 82 CT .92 .96
US/plain radiography 77 .96
Boulay 1999 51 49 CT 1.0 .96
Sheley 1999 180 87 CT .86 91
Sourtzis 1999 36 36 CT 1.0 1.0
IvU .66 1.0
Yilmaz 1998 97 64 CT .94 97
Us .19 97
vu .52 94
Smith 1996 210 100 CT .97 .96

N, Number of subjects; Stone +, Number of subjects with ureteral stone
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ence of a ‘comet tail’ sign strongly suggests that the cal-
cification is a phlebolith rather than a stone. In practice,
the presence of two or more secondary signs of obstruc-
tion, even without clear visualization of a calcification
within the ureter, indicates obstruction. If there is no his-
tory of recent stone passage, a cistoscopy and contrast-
enhanced study of the upper tracts may be needed to ex-
clude neoplasm.

Intravenous urography is an alternative technique for
the detection of urinary tract obstruction [10]. It is safe,
relatively inexpensive, and allows evaluation of the entire
urinary tract with some functional information.
Abnormalities may be subtle during the earliest phases of
obstruction. Dilatation of the urinary tract may be mini-
mal or even absent. Delayed opacification of the collect-
ing system, asymmetric persistent nephrograms, and
columnization of the ureteral contrast material down to
the level of obstruction, indicate ongoing obstruction.
Delayed films may be necessary to delineate the level of
obstruction using IVU. The accuracy of IVU in diagnos-
ing ureteral obstruction is unknown, but small studies
suggest that it is significantly lower than the accuracy de-
rived by noncontrast helical CT studies. Extraurinary
causes of acute abdominal pain are not usually detectable
with intravenous urography.

US, usually combined with a plain film, is an alterna-
tive method for evaluating the obstructed or dilated uri-
nary tract. Although US allows for excellent evaluation of
the renal parenchyma and the collecting system to the
ureteropelvic junction, it is limited in the evaluation of
the ureter and of soft-tissue lesions within the collecting
system. The use of renal US in the evaluation of suspect-
ed acute ureteral obstruction is limited because dilatation
often does not develop for hours, or even days. In these
cases, US findings are normal in up to 50% of patients.
The use of US Doppler-derived resistive indices may be
helpful in detecting acute obstruction before dilatation
develops. The usefulness of this finding is controversial
[11-14]. Identification of jets at the ureterovesical junc-
tions indicates that obstruction is incomplete and may be
used to guide therapy [15].

In diuresis renography, radionuclides are injected to
evaluate the urinary tract for obstruction. Considerably
less anatomic detail is available with this test than with
other radiographic examinations, so it is less useful in the
acute setting than for follow-up or evaluation of chronic
urinary tract obstruction. Diuresis renography does have
the advantage of yielding objective data regarding the sig-
nificance of hydronephrosis and also allows for evaluation
of the function of each kidney. Administration of a diuret-
ic, usually furosemide, augments the standard renogram
and is useful in evaluating dilated urinary systems.

Magnetic resonance urography (MRU), using rapid
scanning techniques such as HASTE or single-shot fast
spin echo sequences, is beginning to be used for evalua-
tion of the urinary tract [16, 17]. The kidneys and dilated
ureters are very bright on T2-weighted images and their
stable position allows for clear imaging of the level of ob-

struction. Unfortunately, stones appear as signal voids
and can be difficult to identify and measure.

Most stones are radiodense, meaning that confirma-
tion of stone location during conservative therapy is best
performed using plain films [18]. US is useful in identi-
fying persistent hydronephrosis or cortical atrophy.

In dealing with the pregnant patient with flank pain,
fetal age and estimated radiation dose is of paramount
importance. Right hydronephrosis is commonly encoun-
tered as the enlarging uterus turns slightly to the right,
compressing the ureter. When an obstructing stone is
suspected in either the right or left system, ultrasound
should first be performed. Some urologists will place a
stent based on clinical findings and severe hydronephro-
sis. If more imaging information is needed, a limited IVU
using a plain scout film followed by a 10 minute post in-
fusion delayed film yields the least radiation in the first
trimester patient. After 20-24 weeks, IVU becomes diffi-
cult to interpret because of the enlarging uterus, and CT
should be considered [19]. The expected fetal dose is ap-
proximately 16 mSyv, well below that expected to cause
anomalies.

Urinary Tract Infection
Acute Pyelonephritis

Acute pyelonephritis is usually an ascending infection
spread from the bladder, and is seen predominately in fe-
males. Rarely, the source of infection is hematogenous
bacteremia. Diagnosis is usually made on clinical
grounds and with urine analysis. Imaging may be needed
to detect complications or sequela of pyelonephritis.
When clinical pyelonephritis persists for greater than
three days after antibiotic therapy has been initiated, then
imaging is recommended. CT is the imaging technique of
choice to evaluate the kidneys for possible complications
of pyelonephritis, such as abscess or obstruction. CT is
the most sensitive and specific test for detecting the
changes of acute pyelonephritis and its complications.
Typical CT findings of pyelonephritis include unilateral
nephromegaly, renal striations, wedge-shaped defects,
and perinephric inflammatory changes [20]. Areas of lig-
uefaction within the renal parenchyma indicate the de-
velopment of a renal abscess. CT is more sensitive for the
detection of renal abscess than other techniques, such as
IVU or US.

In males with a urinary tract infection (UTI) and/or sus-
pected pyelonephritis, US is valuable to identify common
causes of UTI such as epididymitis, orchitis and prostati-
tis. Patients with a neurogenic bladder secondary to a
spinal cord injury pose a difficult problem as the urine is
usually colonized. Development of systemic symptoms
should prompt rapid imaging as these patients may not be
sensate to pain and a devastating abscess can develop
quickly [21]. Finally, in order to diminish radiation dose
to pregnant patients, US with power Doppler may be at-
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tempted prior to CT to detect areas of aberrant blood flow.
This has been shown to be useful in children [22, 23].
Sequela of pyelonephritis includes changes of reflux
nephropathy. These changes include renal scarring and
calyceal blunting due to reflux of urine through the ducts
of Bellini, resulting in parenchymal scarring. Changes of
reflux nephropathy include broad-based scars centered
over clubbed calyces, predominately occurring in the
poles of the kidneys. Overall renal function of the affect-
ed kidney is best evaluated with radionuclide renography.

Emphysematous Pyelonephritis

This life-threatening infection with a gas-producing organ-
ism has a mortality rate of up to 90% without nephrecto-
my. The infection is usually caused by a strain of E. coli in
diabetic patients. The diagnosis of emphysematous
pyelonephritis is made when gas is seen in the renal
parenchyma. CT is the most accurate technique for diag-
nosing emphysematous pyelonephritis and for differentiat-
ing this entity from emphysematous pyelitis or perinephric
emphysematous infections. CT is also most accurate for
differentiating localized from diffuse emphysematous
pyelonephritis. Localized emphysematous pyelonephritis
has been successfully treated with percutaneous drainage
in combination with systemic antibiotic management.

Granulomatous Renal Infections

Tuberculosis, xanthogranulomatous pyelonephritis
(XGP), malacoplakia, and fungal infections can all affect
the urinary tract. Renal tuberculosis is usually spread
hematogenously from the lungs seeding the kidneys.
Symptomatic renal tuberculosis results from secondary,
reactivation tuberculosis. Symptoms typically include
hematuria and sterile pyuria. The earliest signs of renal
tuberculosis include focal papillary necrosis and inflam-
mation of the calyces. With progression, areas of fibrosis
and calcification may develop. Long-standing tuberculo-
sis may result in numerous fibrotic strictures, ureteral
wall thickening, hydronephrosis, and autonephrectomy.
XGP, an inflammatory condition with a marked female
predominance, is associated with recurrent UTIs caused by
proteases, or E. coli bacteria. An infection-based stone is
seen in the majority of cases. The classic radiographic tri-
ad includes reniform enlargement of the kidney, a renal
stone, and markedly decreased or absent renal function in
the affected kidney. Localized XGP occurs in 20% of cas-
es and can mimic renal neoplasms on imaging studies [24].
Both malacoplakia and fungal infections have nonspe-
cific appearances. They are often multifocal, but a tissue
diagnosis is required to exclude neoplasm. A feature of
malacoplakia is congregated histiocytes. It is more com-
monly seen in the bladder and ureter than the kidney. The
microscopic hallmark of malacoplakia is the Michaelis-
Gutman inclusion body seen within the abnormal histio-
cytes. When malacoplakia involves the ureter or bladder,
multiple submucosal masses are usually identified.

Imaging findings are nonspecific and tissue is required
for definitive diagnosis. Fungal infections are usually
seen in immunocompromised patients, including diabet-
ics. Debris, often present within the renal collecting sys-
tem forms a ‘hand-in-glove’ filling defect of the contrast-
opacified calyces.

AIDS Nephropathy

Autoimmune deficiency syndrome (HIV/AIDS) nephro-
pathy constitutes a variety of renal pathologies. Findings
are generally nonspecific, but patients with an HIV in-
fection, renal failure, and hyperechoic nephromegaly
likely have AIDS nephropathy. These sonographic find-
ings in an AIDS patient usually indicate that the patient
will develop irreversible renal failure.

Pyonephrosis

Pyonephrosis constitutes a bacterial infection of the urine
associated with ureteral obstruction. If untreated, this can
lead to rapid demise and irreversible damage to the kid-
ney, and septicemia. Pyonephrosis is best diagnosed with
US. Any febrile patient with hydronephrosis should be
suspected of harboring pyonephrosis. Other findings that
suggest pyonephrosis include echogenic urine, and debris
within the hydronephrotic calyces. Prompt urinary tract
drainage, preferably using percutaneous nephrostomy
techniques, is required for treatment of pyonephrosis. This
is accompanied by systemic antibiotic administration.

Schistosomiasis

Schistosomiasis of the urinary tract is caused by infection
with Schistosoma hematobium. This parasite is endemic
in Egypt. The infection usually arises in the bladder, but
may spread to the ureters and kidneys via reflux to the
upper tracts. Dystrophic calcifications in the wall of the
bladder and ureter are typical findings and are caused by
calcification of the dead ova. Typical radiographic find-
ings include mural calcifications, ureteral strictures, and
vesicoureteral reflux. These patients have a markedly in-
creased risk for development of squamous cell carcinoma
of the urinary tract.

Ureteral Pseudodiverticulosis

This uncommon abnormality is caused by overgrowth of
the urothelial lamina propria. Although cellular atypia is
commonly seen in association with ureteral pseudodiver-
ticulosis, it is thought to be a benign lesion. However, the
presence of ureteral pseudodiverticulosis should be con-
sidered a warning sign for the development of transition-
al cell carcinoma. There appears to be high risk of syn-
chronous transitional cell carcinomas, or later develop-
ment of transitional cell carcinoma in the urothelial field
affected by the pseudodiverticulosis. Close radiographic
follow-up is warranted in these patients.
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Introduction

Transvaginal Sonography (TVS) is often the initial
imaging exam used when evaluating the female geni-
tal tract. However, if the TVS is suboptimal or non-
diagnostic, or if additional information is needed,
magnetic resonance imaging (MRI) should be consid-
ered. MRI is advantageous because of its multiplanar
capability, high spatial and contrast resolution and lack
of ionizing radiation. For the evaluation of a possible
pelvic abnormalities, MRI is able to address the fol-
lowing clinical questions: (1) where is it? (e.g., uterine
or ovarian); (2) what is it? (neoplastic or non-neoplas-
tic, malignant or benign, congenital or acquired); and
(3) how does the information impact patient manage-
ment (e.g., selection of appropriate candidates for dif-
ferent therapies and patient monitoring following
treatment).

MRI Technique

Pelvic MRI is best performed on high field strength sys-
tems (= 1.5 T) using a torso phased-array body coil.
This set-up affords the greatest signal-to-noise ratios
and spatial resolution. Patient preparation is negligible.
In our practice, patients are asked to fast for 4-6 hours
prior to the exam in order to limit bowel peristalsis.
Patients are also asked to void immediately before
imaging to increase their comfort during the course of
the exam.

A bare bones examination includes orthogonal T2-
weighted (W) fast spin echo sequences (FSE), axial
T1-W sequences, with and without fat suppression, and
when indicated, sagittal dynamic contrast-enhanced 3D
fat-suppressed T1-W sequences. Most of our sequences
are performed in a breath hold (e.g., T2-W single shot
FSE [SS FSE]). Breath hold sequences are advanta-
geous because they eliminate respiratory artifacts, lim-
it peristatic artifacts and shorten exam times, leading to
greater patient satisfaction. We reserve high resolution
(512 matrix), non-breath hold T2-W FSE sequences to
determine tumor extent in patients with gynecologic
malignancies.

The Uterus: Benign Conditions
Leiomyoma

Leiomyomas are benign tumors of smooth muscle origin.
They are the most common uterine tumors, with a preva-
lence of 20% in women over the age of 35. The prevalence
is even higher in women of African descent. The tumors
are estrogen-dependent and often regress with menopause.

Leiomyomas may be located intramurally (most com-
mon), submucosally or subserosally. They tend to be
well-demarcated and may undergo some degree of de-
generation (e.g., hyaline, cystic, fatty or carneous).
Calcification is common in leiomyomas of older women.
Rare complications include infection, torsion and sarco-
matous degeneration (< 1%). Symptoms associated with
leiomyomas include menorrhagia, dysmenorrhea, infer-
tility (especially submucosal leiomyomas that may im-
pede the implantation of fertilized ova) and bulk-related
symptoms (mass effect on the bladder or bowel).

MRI can accurately diagnose leiomyomas [1-3]. It is
also accurate for determining their size, number and lo-
cation. This information is important to help match the
appropriate patients with symptomatic leiomyomas with
the different therapies available. For example, a patient
with multiple intramural and/or submucosal hypervascu-
lar leiomyomas is a good candidate for uterine artery em-
bolization (UAE), whereas a patient with a pedunculated
subserosal leiomyoma may be better served by myomec-
tomy. Similarly, hysteroscopic resection may be the best
therapeutic option in a patient with a single submucosal
leiomyoma that does not significantly extend into the un-
derlying myometrium. Detection of significant ovarian
artery supply to the pre-UAE uterus may be a predictor
of treatment failure or fibroid recurrence following UAE
[4]. MRI can also be used to follow patients post-UAE
and may help with imaging any complications [5].

T2-W images provide optimal contrast between
leiomyomas and adjacent uterine tissue (Fig. 1). Most
leiomyomas are well-circumscribed, low signal intensity
(SI) masses. If there is associated degeneration, they may
exhibit high SI components [6]. T1-W images provide in-
formation about the type of degeneration (e.g., high SI to
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Fig.1. Leiomyomas. Sagittal T2 SS FSE with multiple well-circum-
scribed low signal intensity intramural and subserosal leiomyomas

diagnose hemorrhage). Additionally, T1-W sequences can
aid in differentiating a pedunculated subserous leiomyoma
from an ovarian mass. Contrast-enhanced T1-W se-
quences are optional, but do provide information about
blood supply to, and viability of, a leiomyoma, which may
be important for planning treatment and follow-up [7].

Prospectively differentiating a leiomyosarcoma from a
degenerated benign leiomyoma is difficult. Reported MRI
findings are variable and include lobulated mass of high SI
on T2-W images, a sharply marginated mass of low SI on
T2-W images, or a mass with focally infiltrative margins
[8]. In a study of 12 patients (nine with leiomyosarcoma
and three with smooth muscle tumors of uncertain malig-
nant potential), the majority of malignant tumors had more
than 50% high signal on T2-W images, the presence of
many small high signal areas of T1-W images and well-
demarcated, non-enhancing regions [9]. While these imag-
ing characteristics are non-specific, any fibroid that
demonstrates marked interval growth or change in appear-
ance may suggest the possibility of leiomyosarcoma.

Adenomyosis

Adenomyosis is common uterine condition affecting up
to one third of hysterectomy specimens. It is defined as
the presence of ectopic endometrial glands and stroma
within the myometrium. Adenomyosis is also associated
with myometrial hyperplasia. Cyclic hemorrhage is un-
usual in adenomyosis because of the predomination of
the zona basalis endometrial layer. This zone is relatively
unresponsive to hormonal stimuli. Two types of adeno-
myosis exist: diffuse adenomyosis and focal adenomyosis
(adenomyoma). Diffuse adenomyosis is more common
and typically affects the posterior uterine wall.

The symptoms of adenomyosis are non-specific and
may mimic leiomyomas. However, it is important to es-
tablish the correct diagnosis pre-operatively, because
uterine-conserving therapy is possible with leiomyomas,
whereas hysterectomy is the definitive treatment for de-
bilitating adenomyosis.

MRI is an accurate, non-invasive modality for the diag-
nosis of adenomyosis, differentiation of adenomyosis from
other gynecologic disorders, and planning for appropriate
therapy [10]. Several studies have found MRI to be very
accurate in diagnosing adenomyosis, with a sensitivity and
specificity ranging from 86-100% [11-13].

Adenomyosis is diagnosed when the junctional zone is
greater than, or equal to, 12 mm (Fig. 2). Ancillary findings

Fig.2. Adenomyosis.
Sagittal (a) and
coronal (b) T2 SS-
FSE images with
junctional zone
widening, striations
and the punctuate
foci of adenomyosis
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include high SI foci on T1- and/or T2-W images. These may
represent islands of ectopic glands, cystically dilated glands
and/or hemorrhagic fluid. In some patients, linear high SI
striations can be seen radiating from the endometrium into
the myometrium. Following contrast, adenomyosis may
have a ‘swiss cheese’ appearance, with foci of signal void
that represent ectopic endometrial glands. Adenomyomas
may be separate from the junctional zone and image as ill-
defined, low SI masses on T2-W sequences.

Occasionally, the imaging appearance of submucous
leiomyomas and adenomyosis overlap. Features favoring
the diagnosis of adenomyosis include lesions that: (1) are
poorly marginated; (2) elliptical lesions with minimal
mass effect relative to their size; (3) have linear striations
that originate in the endometrium and extend into the my-
ometrium; and (4) do not have dilated vessels at their
margins [10, 14, 15].

Congenital Anomalies

The incidence of congenital uterine anomalies among
women of reproductive age ranges from 0.1-0.5%. The
clinical significance of such anomalies is an increased
likelihood of infertility, pregnancy wastage (e.g., recur-
rent miscarriage, premature labor, intrauterine growth re-
tardation) and menstrual disorders.

The uterus, fallopian tubes and upper two thirds of the
vagina originate from paired mullerian ducts. The ducts
migrate caudally and then fuse. Subsequently, the inter-
vening tissue (septum) resorbs to form the endometrial,
endocervical and endovaginal canals. This process, which
begins at approximately 10 weeks of gestation, may be
interrupted at any stage in development. Failure of the
paired ducts to develop results in various degrees of age-
nesis (or hypoplasia). Absent or incomplete fusion leads
to didelphys or bicornuate uteri, respectively. Complete
or partial failure of resorption following fusion results in
a septate uterus. Congenital anomalies are classified ac-
cording to the American Fertility Society classification,
which divides anomalies into classes with similar fea-
tures, prognoses and treatment options [16, 17]. It is im-
portant to note however, that congenital uterine anom-
alies are a spectrum of disorders and occasionally it may
be impossible to assign a malformation to one particular
class. This fact underscores the importance of imaging to
highlight the affected anatomy. MRI is the most accurate
modality for identifying uterine anomalies: it is more
specific than ultrasound (US) or hysterosalpingography
(HSG), and it is less invasive and less costly than laparo-
scopic evaluation [18]. In addition to depicting genital
anomalies, MRI’s large field of view allows the abdomen
and pelvis to be surveyed for associated urinary tract
anomalies (e.g., renal agenesis, ectopia).

Class I: Segmental Agenesis/Hypoplasia

This class of anomalies may affect just a portion of gen-
ital tract, or combined abnormalities may be present.
Agenesis/hypoplasia may occur as part of a syndrome, as

a result of chromosomal defects, or in isolation. Patients
with vaginal agenesis but with patent endometrial and en-
docervical canals are treated with vaginoplasty to allow
egress of menses. Hysterectomy is reserved for patients
without a cervix, as a neocervix or uterovaginal fistula is
unable to successfully sustain a pregnancy, nor can it pre-
vent retrograde menses and endometriosis.

Class II: Unicornuate Uterus

These anomalies result from the failure of one of both of
the paired mullerian ducts. If no rudimentary horn is pre-
sent, usually no further treatment is required. Similarly,
no intervention is needed if there is a rudimentary horn
that does not contain endometrium. However, if a rudi-
mentary horn contains endometrium, regardless of
whether it communicates with the main uterine cavity,
surgical excision is recommended to prevent retrograde
menses or ectopic pregnancy.

Class Ill: Uterus Didelphys

This anomaly results from failure of mullerian duct fu-
sion, leading to two uteri and two cervices. In the major-
ity of cases there is a transverse vaginal septum. If the
septum is obstructive, hematocolpometra results.
Resection of the septum establishes normal egress of
menses via the vagina.

Class IV: Bicornuate Uterus

This class of anomalies results from incomplete fusion of
the mullerian ducts. A fundal cleft of more than 1 cm dis-
tinguishes a bicornuate uterus from a septate uterus (see
Class V). Bicornuate uteri rarely require surgery.
However, if a patient is symptomatic, a transabdominal
metroplasty can be performed.

Class V: Septate Uterus

This class of anomaly results from a failure of resorption
of the central intervening tissue, septum, between the two
endometrial canals. Complete and incomplete forms exist.
In the former, the septum extends into the cervix (Fig. 3),

Fig.3. Complete Septate
Uterus. Coronal T2 SS
FSE of the uterus with
fundal notch < 1 cm,
and two endometrial
and endocervical canals
separated by a low sig-
nal intensity septum.
Both ovaries are normal
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whereas in the latter it is confined to the uterine body.
Septate uteri have a flat, convex or minimally concave
fundal contour. Septate uteri have the highest incidence of
fetal wastage and can be successfully treated with hys-
teroscopic removal of the septum.

Class VI: Arcuate Uterus

This anomaly is more appropriately termed a normal
variant, as there is a slight fundal indentation. Patients are
asymptomatic and do not require treatment.

Class VII: Diethystilbesterol (DES) Exposure in Utero
Approximately half of the women exposed to DES in
utero have a congenital uterine anomaly. The most com-
mon abnormality is a T-shaped uterus, which often results
in cervical incompetence. In these instances, pregnant
women are treated with cervical cerclage.

The Uterus: Malignant Conditions
Cervical Cancer
Patients with cervical cancer are staged according to the

classification of the International Federation of
Gynecology and Obstetrics (FIGO) (Table 1). Unfortu-

nately, FIGO staging is based primarily on clinical exam
(neither cross-sectional imaging, nor lymph node status
is routine), and staging errors of 15-24% for patients
with Stage IB disease and 45-58% for patients with
Stages IIA and IIB disease have been reported [19, 20].
MRI is the best single modality for the pre-operative
staging of cervical cancer: it is cost minimizing and it
can alter therapy [21-23]. In a retrospective study,
Hricak et al. found that women with cervical cancer > 2
cm whose initial staging examination was MR required
fewer tests and fewer procedures compared to the stan-
dard work-up [22]. MR imaging correlates for FIGO
staging have been developed and are summarized in
Table 1.

T2-W images consistently demonstrate the relatively
high SI tumors, and are 93% accurate in determining tu-
mor size compared with surgical specimens [24]. The
overall staging accuracy of MR imaging ranges from 87-
92% [24, 25].

Moreover, the negative predictive value for parametrium
invasion, 95%, makes MR imaging an attractive modality
for selecting appropriate therapy [21, 24, 25].

The morbidity associated with radiation therapy (RT)
is increased after surgery, resulting in a preference for
pre-operative RT followed by surgery. Moreover, conven-
tional RT in combination with brachytherapy is as effec-

Table 1. Cervical cancer: FIGO staging with corresponding MR imaging findings!

Stage Findings
FIGO Stage
Stage 0 Carcinoma in situ
Stage I Tumor confined to cervix
Stage IA Microscopic tumor (preclinical tumor)
Stage IB Clinically visible invasive tumor > 5 mm
Stage 11 Tumor invades beyond uterus but not to pelvic wall or lowest third of vagina
Stage 1A Vaginal invasion
Stage 1B Parametrial invasion
Stage 111 Tumor extends to pelvic wall and/or involves lowest third of vagina and/or hydronephrosis, non-function-
ing kidney
Stage IIIA Invasion of lowest third of vagina
Stage 11IB Pelvic sidewall invasion, hydronephrosis, non-functioning kidney
Stage IV Tumor invades outside true pelvis and/or invades bladder or rectal mucosa
Stage IVA Invasion of bladder or rectal mucosa
Stage IVB Distant metastasis

MR imaging findings?

Partial or complete disruption of low-signal-intensity stromal ring, intact tissue surrounding tumor

Segmental disruption of low-signal-intensity stromal ring with tumor extending into parametrium
Complete disruption of low-signal-intensity stromal ring with tumor extending into parametrium

Stage 0 No tumor present

Stage IA No tumor present or localized widening of the endocervical canal with a small tumor mass
Stage 1B

Stage 1A

Stage 11B

Stage IIIA Segmental disruption of low-signal-intensity vaginal wall (lowest third)

Stage I1IB Tumor extends to obturator internus, piriformis, levator ani muscles; dilated ureter

Stage IVA Signal loss of low-signal-intensity bladder or rectal wall

Stage IVB Tumor in distant organs

1 T2-weighted or contrast-enhanced T1-weighted images.
2 Modified from [26]
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tive as surgery for FIGO stage IB (2) disease [27]. That
is, patients with less than 5 mm stromal invasion (Stage
IA1/2), or patients without evidence of a bulky tumor
(> 4 cm) confined to the cervix (Stage IB1) may be
amenable to surgical cure. Patients with bulky tumors
(> 4 cm) confined to the cervix (Stage IB2) or patients
with parametrial invasion (Stage IIB, tumor extends be-
yond the low SI cervical stroma and smooth muscle into
the parametrium), or patients with more advanced disease
are better treated with RT (Fig. 4). As a practical issue,
when trying to distinguish Stage IB tumors from IIB tu-
mors, it is better to overcall, sparing patients the added
morbidity of RT after surgery [28]. The National Cancer
Institute recommends that many patients with cervical
cancer benefit from concurrent chemotherapy [29-31].
Chemotherapy decreases the relative risk of death, de-
creases tumor bulk and controls micrometastases.

There is some debate concerning the need for
gadolinium in the evaluation of cervical cancers. Some
reports found that delayed gadolinium-enhanced T1-W
sequences were less accurate in depicting stromal inva-
sion compared to T2-W sequences, while others have
found that dynamic gadolinium-enhanced images are
superior to both T2-W and delayed contrast-enhanced
studies for assessing stromal invasion [32-34]. For the
most part, cervical cancers enhance more than adjacent
fibrocervical stroma immediately following contrast ad-
ministration. This relationship reverses with delayed
imaging. Dynamic contrast-enhanced MRI has also
been advocated to predict tumor response to therapy,
both prior to the institution of therapy and during the
course of treatment [35].

Fig.4. Cervix cancer: stage IB vs IIB. Coronal T2 FSE of the cervix
with effacement of normal zonal anatomy. While it is difficult to
identify direct extension into the parametrium, upstaging is pre-
ferred in cases where the distinction between IB (1) and IIB tumor
is controversial. An incidental simple right adnexal cyst is seen

For lymph node assessment, MR relies on size crite-
ria. For para-aortic, iliac and obturator lymph nodes, a
short axis of more than 1 cm is used to detect disease.
For parametrial lymph nodes, most experts agree that
those lymph nodes greater than 5 mm are suspicious for
metastatic disease. While SI has no predictive value,
central necrosis may imply involvement. Unfortunately,
relying on lymph node size is imperfect. Using a 1 cm
short axis as indicative of involvement has a modest
sensitivity (45-60%). Ultra-small paramagnetic iron-
oxide particles (USPIO) MR or positron emission to-
mography computed tomography (PET CT) will likely
change lymph node assessment in patients with cervical
cancer.

Conditions where MR imaging should be recommend-
ed in women with cervical cancer include:
— Transverse diameter > 2 c¢cm, based on physical exam
— Tumor that is endocervical or predominantly infiltra-
tive that cannot be accurately assessed clinically
— Tumor that is clinically suspected to be stage II disease
— Patients who are pregnant or have concomitant uterine
lesions (e.g., leiomyomas), making assessment by oth-
er means difficult.

Endometrial Cancer

MRI has been gaining widespread acceptance for the
evaluation of women with diagnosed endometrial cancer.
MR correlates of surgical FIGO staging have been de-
scribed (Table 2). The overall staging accuracy of MRI
ranges from 83-92% [36-38]. Studies have found MRI to
be 74-91% accurate for differentiating early superficial
endometrial cancer (stages IA and IB) from cancers with
deep myometrial invasion (stage IC). MRI examination
of women with endometrial cancer should include dy-
namic  intravenous  gadolinium  administration.
Intravenous contrast improves the following: (1) detec-
tion of endometrial abnormalities; (2) distinguishing vi-
able tumor from debris; and (3) assessment of depth of
myometrial and cervical invasion [39-41]. A recently
published meta-analysis comparing the utility of CT, US
and MR for staging endometrial cancer found that con-
trast-enhanced MRI tended to perform better than CT or
US in assessing depth of myometrial invasion [40]. This
has important economic implications for the identifica-
tion of a subset of patients that might benefit from refer-
ral to a tertiary care center for more aggressive manage-
ment by a gynecologic oncologist.

Endometrial cancer images on T2-W sequence as ei-
ther diffuse or focal widening of the endometrial canal [1,
37, 38 ,42] (Fig. 5). The hormonal milieu determines the
normal endometrial width (approximately 13 mm for re-
productive age women or post-menopausal women on
hormone replacement therapy (HRT) vs 3 mm for post-
menopausal women not on HRT). Disruption or irregu-
larity of the junctional zone signifies myometrial inva-
sion. Invasion is further classified as superficial, < 50%,
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Table 2. Endometrial cancer: FIGO staging with corresponding MR imaging findings'

Stage Findings
FIGO Stage
Stage 0 Carcinoma in situ
Stage [ Tumor confined to corpus
Stage 1A Tumor limited to endometrium
Stage 1B Invasion < 50% of myometrium
Stage IC Invasion > 50% of myometrium
Stage 11 Tumor invades cervix but does not extend beyond uterus
Stage ITA Invasion of endocervix
Stage 1B Cervical stromal invasion
Stage 111 Tumor extends beyond uterus but not outside true pelvis
Stage IIIA Invasion of serosa, adnexa, or positive peritoneal cytologic findings
Stage 11IB Invasion of vagina
Stage I1IC Pelvic or para-aortic lymphadenopathy
Stage IV Tumor extends outside true pelvis or invades bladder or rectal mucosa
Stage IVA Invasion of bladder or rectal mucosa
Stage IVB Distant metastases (includes intra-abdominal or inguinal lymphadenopathy)

MR imaging findings?
Stage 0
Stage IA

Stage IB

Stage IC

Stage IIA

Stage 1B

Stage IIIA
Stage I1IB
Stage IIC
Stage IVA
Stage IVB

Normal or thickened endometrial stripe

Thickened endometrial stripe with diffuse or focal abnormal signal intensity; endometrial stripe may be nor-
mal; intact junctional zone with smooth endometrial-myometrial interface

Signal intensity of tumor extends into myometrium < 50%; partial- or full-thickness disruption of junctional
zone with irregular endometrial-myometrial interface

Signal intensity of tumor extends into myometrium > 50%; full-thickness disruption of junctional zone; in-
tact stripe of normal outer myometrium

Internal os and endocervical canal are widened; low signal of fibrous stroma remains intact
Disruption of fibrous stroma

Disruption of continuity of outer myometrium; irregular uterine configuration
Segmental loss of hypointense vaginal wall
Regional lymph nodes greater than 1.0 cm in diameter

Tumor signal disrupts normal tissue planes with loss of low signal intensity of bladder or rectal wall
Tumor masses in distant organs or anatomic sites

1 T2-weighted or contrast-enhanced T1-weighted images.

2 Modified from [26]

Fig. 5. Endometrial cancer: stage IB. Sagittal (a) and coronal (b) T2 FSE of the uterus with distended heterogeneous endometrial canal. The
tumor myometrial interface is irregular, a sign of superficial invasion
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or deep, > 50%, depending on penetration into the un-

derlying myometrium.

Current recommendations for MR imaging in women
with endometrial cancer include instances where:

— There is a high pretest probability for lymph node
metastases (e.g., high grade tumor, papillary or clear
cell tumor) (CT is equivalent)

— There is a high pretest probability for cervical invasion

— There is a need for multi-factorial assessment of my-
ometrial, cervical and lymph node involvement.

The Ovary

The main role of MRI in evaluating ovarian abnormali-
ties is that of tissue characterization [43, 44]. MRI is a
problem-solving tool for determining the origin of a mass
and providing information on its make-up.

Benign Conditions

The most commonly encountered benign ovarian condi-
tion is physiologic cysts. These are round, smooth-walled
and lack solid elements or debris. These simple cysts are
low in ST on T1-W sequences and get progressively high-
er in SI on T2-W images. Hemorrhagic cysts, which con-
tain methemoglobin, tend to have high SI intensity on
both T1- and T2-W sequences, whereas endometriomas
are multilocular masses that are high in SI on T1-W se-
quences and show shading on T2-W sequences [45, 46]
(Fig. 6). This shading reflects rebleeding into the cysts
and consequently the presence of blood products of vary-
ing chronicity. T1-W fat-suppressed sequences improve
the conspicuity of endometriomas [47, 48]. In one study,
the sensitivity and specificity for detecting endometri-
omas = 1 cm was 91% and 94%, respectively [49]. T1-W
fat suppressed sequences also help differentiate fat-
containing lesions (e.g., cystic teratomas) from blood-
containing lesions [50] (Fig. 7).

Malignant Conditions: Ovarian Carcinoma

The sensitivity of MR for detecting adnexal pathology
parallels that of US and CT, ranging from 87-100%.
However, it is the tissue characterization potential of
MRI that makes it robust for evaluating the adnexa
[51]. In fact, for characterizing an ovarian mass as be-
nign or malignant the accuracy of MR ranges from 83-
95% compared to US and CT, which range from 53-
88% and 66-94%, respectively [52-54]. In the largest
prospective trial evaluating ovarian masses imaged with
transvaginal sonography, MRI was more accurate than
CT or Doppler sonography for diagnosing malignancy
[55]. Once the diagnosis of malignancy is made, CT of
the abdomen and pelvis is typically performed. The ac-
curacy of CT and MR staging is comparable, ap-
proaching 90% [56]. Neither modality can supplant
staging laparotomy because of their limited ability to
detect small intraperitoneal implants, although MRI

Fig.6. Endometriomas. Axial T1 without fat supression (a), T1 with
fat suppression (b) and T2 FSE (c¢) of bilateral ovarian masses that
retrain high signal intensity on the T1 fat-suppressed technique and
demonstrate loss of signal shading, on T2 FSE

may aid surgical treatment planning. MRI is also
adept at identifying patients with bulky non-resectable
disease and can spare patients the morbidity of surgical
staging. The positive and negative predictive values for



Diseases of the Female Genital Tract |

143

Fig.7. Dermoid. Axial T1 without fat suppression, and T1 with fat
suppression, of left ovarian mass. High signal intensity elements on
T1 image without fat suppression fall in signal with the addition of
chemically selective fat suppression

diagnosing non-resectability are 91% and 97%, respec-
tively [57].

Ovarian cancers are typically large heterogeneous
masses with both cystic and solid components (Fig. 8).
Owing to their complexity, their SI on T1 and T2-W se-
quences is variable. Rather than predicting the exact his-
tology of an ovarian cancer, the real strength of MRI is in
suggesting whether or not a lesion is malignant. Both pri-
mary and ancillary criteria have been formulated for this
determination. These criteria are up to 95% accurate in
correctly characterizing an adnexal mass as benign or ma-
lignant [52]. Primary criteria include size greater than 4
cm, solid or predominantly solid lesion, wall thickness
greater than 3 mm, septae greater than 3 mm, nodularity,
and presence of necrosis. Ancillary criteria include in-
volvement of pelvic organs or sidewall, peritoneal, mesen-
teric or omental disease, ascites and lymphadenopathy.

Fig. 8. Ovarian cancer. Axial (a) and sagittal (b) T2 SSFSE and
sagittal gadolium-enhanced T1 with fat suppression (c) of complex
ovarian mass. Incidental note is made of large anterior uterine cor-
pus leiomyoma

Results of a multivariate analysis found that necrosis with-
in a solid lesion, vegetations within a cystic lesion, ascites
and peritoneal metastases are the features most predictive
of malignancy [52].

Current imaging recommendations for MRI of the ad-
nexa include:
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— Evaluation of an equivocal or non-diagnostic trans-

vaginal sonogram

— Characterization of a known ovarian mass
— Determination of resectability in women with the di-

agnosis of ovarian cancer.

Conclusions

The role of MRI in many gynecologic disease states is es-
tablished, while in others it is expanding. As with most
advanced technologies, MRI is a moving target. MR
hardware and software upgrades, coupled with an in-
creasing emphasis on evidence-based medicine, will help
refine both the protocols and interpretation models for
imaging women with gynecologic conditions.
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Introduction

While transabdominal or transvaginal ultrasound remain
the imaging modalities of first choice for the initial eval-
uation of any suspected pathologic condition of the fe-
male genital tract, technical advances in cross-sectional
imaging have opened up many diagnostic applications in
female pelvic pathology. Computed tomography (CT) is
usually employed in an emergency situation, such as in an
acute abdomen caused by ovarian torsion, as well as for
the diagnosis of metastatic spread in oncologic patients.
Compared to CT, magnetic resonance imaging (MRI)
provides improved soft tissue contrast and is thus better
suited to evaluate female genital organs. Further advan-
tages of MRI over CT include that it does not employ ion-
izing radiation and has no teratogenic effects. MRI is thus
well suited for imaging women of reproductive age and
especially during pregnancy, e.g., for MR pelvimetry and,
more recently, as an adjunct to sonography for fetal imag-
ing. MRI nowadays plays an increasing role in preopera-
tive characterization and staging of gynecologic tumors
and is also used as a problem-solving tool in benign con-
ditions, e.g., in patients with uterine malformations or
leiomyoma, or to select appropriate candidates for thera-
pies such as myomectomy and uterine embolization.

Normal MR Anatomy of the Female Genital Organs

The uterus is best depicted using T2-weighted sagittal se-
quences. In women of reproductive age, the uterus is ap-
proximately 6-9 cm in length. In the premenopausal
woman, three distinct zones are recognized: (1) the high-
signal intensity endometrium of varying thickness, de-
pending on the menstrual cycle; (2) the hypointense junc-
tional zone, anatomically corresponding to the innermost
layer of the myometrium; and (3) the outer layer of the
myometrium of intermediate signal intensity. Four zones
are distinguished in the cervix by high-resolution MRI:
(1) the hyperintense mucous within the endocervical
canal, (2) the cervical mucosa of intermediate to high sig-
nal intensity, (3) the hypointense cervical stroma sur-
rounding the mucosa, and, (4) an additional layer of in-

termediate signal intensity in continuity with the uterine
myometrium representing smooth muscle (Fig. 1). In
postmenopausal patients, the uterine corpus, but not the
cervix, regresses and decreases in size.

Fig. 1. Normal MR anatomy (T2-weighted images) of the uterus and
cervix. a Three zones are recognized in the uterus: the hyperintense
endometrium, the hypointense junctional zone (arrow) and the outer
layer of the myometrium of intermediate signal intensity. b Four
zones are distinguished in the cervix: the hyperintense mucous with-
in the endocervical canal, the cervical mucosa, the hypointense cer-
vical stroma (arrowheads), and an additional layer of smooth muscle
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Fig. 2. Normal MR anatomy (coronal T2-weighted image) of
ovaries. Multiple follicular cysts are seen in both ovaries

Normal ovaries measure between 1.5 and 3 cm during
reproductive age while their size decreasing after
menopause. They can be easily diagnosed by the presence
of T2-weighted hyperintense follicles (Fig. 2).

Congenital Anomalies of the Uterus

Congenital malformations of the uterus, also termed
Miillerian duct anomalies (MDA), are a relatively uncom-
mon, but often treatable, cause of infertility. The incidence
of congenital MDA among women of reproductive age is
estimated to be up to 0.5%. However, since normal preg-
nancies can occur in women with MDA and the anomalies
are discovered in most cases in patients presenting with
infertility, the reported prevalence of MDA in the general
population is probably underestimated. Uterine malforma-
tions can be associated with subfertility, pregnancy
wastage, and menstrual disorders. Congenital malforma-
tions of other organ systems may be present - most fre-
quently renal malformations like renal agenesis or ectopia
- whereas bony malformations, such as fusion of the ver-
tebral column, are less commonly seen. Whereas trans-
vaginal ultrasound and hysterosalpingography are the pri-
mary imaging modalities, MRI is currently used as a
problem-solving modality in inconclusive cases, e.g., in
the differentiation between septate and bicornuate uterus,
and is widely accepted as the leading imaging modality
for further surgical planning. MRI provides high resolu-
tion images of the entire uterine anatomy (internal and ex-
ternal contour) and allows diagnosis of secondary find-
ings like renal malformation. If possible, patients under-
going MRI for suspected MDA should be scheduled in the
second half of the menstrual cycle, since the thickness of
the endometrial stripe increases during the follicular and

secretory phase and thus the normal zonal anatomy of the
uterus can be better appreciated.

According to the classification of the American
Fertility Society, MDAs can be classified into seven dif-
ferent classes (Fig. 3, 4, 6). The classification describes
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. (a) {b) Non
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Fig.3. Classification system of Miillerian duct anomalies according
to the American Fertility Society

Fig. 4. A 28-year-old woman with a history of infertiliy. a Hys-
terosalpingography. b Axial T2-weighted MR image. An unicornu-
ate uterus with a rudimentary left horn without endometrial cavity
(arrow) is seen
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Fig. 5. Nabothian cysts (arrows) of the cervix. a Ultrasound b T2-
weighted MR image

Fig. 6. Coronal T2-weighted FSE MR image. Small hypointense
leiomyoma (arrow) in a bicornuate uterus

primarily the uterine defects, because of the wide vari-
ability and overlap of associated cervical and vaginal
anomalies, whereas the cervico-vaginal defects are added
separately in the form of a subset.

Benign Conditions of the Vagina, Cervix and Uterus

Bartholin’s cysts are caused by retained secretions within
the vulvo-vaginal glands, mostly as a result of chronic in-
flammation or trauma. They are located in the posterolater-
al parts of the lower vagina and vulva, whereas Nabothian
Cysts are retention cysts of the cervical glands and clefts.
Leiomyomas (also known as fibroids and fibromy-
omas) are benign neoplasms of smooth-muscle cell ori-
gin and are the most common uterine tumors (Fig. 5-7).

Fig.7. Multiple uterine leiomyomas. Sagittal T2-weighted and con-
trast-enhanced T1-weighted image. The multiple lesions are
sharply demarcated. They present as hypointense lesions on the
T2-weighted sequence. Contrast-enhancement is less pronounced
compared to the adjacent normal myometrium. A signal void is in-
dicative of calcification (arrow)
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The lesions must be differentiated from focal adeno-
myosis (Fig. 8). Ultrasound remains the primary imaging
modality for clinically suspected leiomyomas, and in the
vast majority of routine clinical presentations no addi-
tional investigation is needed. MRI is recommended in
selected cases as a problem-solving modality, e. g., to dis-
tinguish between a pedunculated leiomyoma and a solid
ovarian mass, to demonstrate the exact size and location
of the lesion (subserosal, intramural, submucosal) before
uterine-sparing surgery or for selecting candidates for

Fig. 8. Focal adenomyosis (T2-weighted images). Enlarged uterus
with diffusely thickened junctional zone with multiple hyperin-
tense foci indicative of adenomyoma. A small leiomyoma can also
be seen (arrow)

uterine artery embolization, as well as to distinguish
leiomyoma from adenomyoma.

Most leiomyomas have a typical appearance on MRI.
They are depicted as sharply marginated, hypointense le-
sions not only on TI-, but also on T2-weighted se-
quences. Low-signal intensity on T2-weighted images
permits differentiation from malignant tumors.
Leiomyomas, especially when large and during pregnan-
cy, may undergo degenerative changes such as necrosis,
resulting in various, non-specific MR appearances.

Malignant Tumors of the Cervix and Uterus

Invasive cervical carcinoma is the third most common
malignancy of the female genital tract. Early detection of
cervical carcinoma due to gynecologic examination and
the Pap smear has led to a significant reduction in mor-
tality. At histology, squamous cell carcinoma is found in
over 90% of cases. Imaging is not used for tumor detec-
tion, but for staging of cytologically proven disease.
Transvaginal ultrasound is usually the first imaging
modality employed. Additional cross-sectional imaging is
especially useful if the tumor volume is large. MRI was
shown to be superior to CT in the local staging of cervi-
cal carcinoma.

T2-weighted MR sequences are most helpful for local
staging of cervical disease. The tumor presents with high
signal intensity compared with the low intensity cervical
stroma. Stage-IB International Federation of Gynecology
and Obstetrics (FIGO) carcinoma is restricted to the
cervix and presents on T2-weighted images with a fully
preserved hypointense rim of normal cervical stroma sur-
rounding the tumor (Fig. 9), whereas in patients with
parametrial invasion (stage FIGO IIB), i.e., one of the
most important criteria influencing therapeutic decision
making, the normal stroma is disrupted. Contrast-en-
hanced sequences are not routinely used for the staging
of cervical carcinoma. They may be useful in selected
cases with suspected invasion of the bladder or rectum.

In patients with endometrial carcinoma proven by
fractional abrasion, MRI is the imaging modality of
choice for preoperative staging. It is used to assess the
depth of myometrial invasion and to identify invasion of
the cervix or extrauterine spread. It was shown to be es-
pecially helpful in the subpopulation of patients in whom
the extent of tumor growth may alter the surgical ap-
proach or in patients in whom concomitant lesions, such
as leiomyomas, make clinical assessment difficult.

Signal intensities of small endometrial tumors are sim-
ilar to that of normal endometrium on T2-weighted se-
quences, limiting the ability of tumor delineation, where-
as larger tumors result in the widening of the endometrial
cavity. It should be kept in mind that endometrial hyper-
plasia and endometrial polyps are benign entities also re-
sulting in a thickened endometrium that have therefore to
be distinguished from endometrial carcinoma (Fig. 10).

A disruption of the junctional zone by a hyperintense
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Fig.9. Cervical carcinoma stage FIGO IB. a Sagittal T2-weighted
MR image. b Axial oblique T2-weighted MR image. Although the
tumor volume is rather large, the cervical stroma (arrows) is not
disrupted

endometrial tumor is indicative of myometrial invasion.
The junctional zone, however, cannot always be delineat-
ed in postmenopausal women, which makes correct
imaging interpretation difficult in these cases. Deep my-
ometrial invasion is suggested by the presence of hyper-
intense tumor in the outer half of the myometrium.
Intravenous administration of gadolinium compounds is
helpful for MR staging of endometrial carcinoma, with
the cancer demonstrating less pronounced contrast-en-
hancement compared with the surrounding tissues.
Contrast-enhanced images further improve the differenti-
ation of vital tumor from necrosis or hematometra.

Fig.10. Endometrial Carcinoma stage FIGO IA (sagittal T2-weight-
ed MR Image). The endometrial stripe is thickened due to the pres-
ence of tumor, while the junctional zone (arrow) remains intact

Most uterine tumors are adenocarcinomas; other histo-
logic subtypes like leiomyosarcoma or endometrial stro-
mal tumors are rare.

Benign Conditions of the Ovaries

Follicular cysts are the most common benign ovarian
masses. Other non-neoplastic adnexal lesions include en-
dometrioma, adnexal torsion and tubo-ovarian abscess.
Paraovarian cysts, also termed Gartner’s duct cysts, are
remants of the Wolffian body and are found in the mesos-
alpinx in the hilum of the ovary.

Those non-neoplastic masses should be distinguished
from benign and malignant ovarian neoplasm.

Ultrasound is again the primary imaging modality for
assessment of suspected ovarian lesions. However, due to
its multiplanar imaging capabilities and high soft tissue
contrast, MRI is superior to ultrasound for demonstrating
the origin of a lesion (e.g., distinguishing a subserosal
leiomyoma from a solid ovarian mass), as well as in lesion
characterization, and is thus employed in unclear cases for
tissue characterization or surgical planning. MRI is able to
diagnose certain benign ovarian lesions that can have mis-
leading sonographic features, such as endometrioma or
mature cystic teratoma (also known as dermoid cyst). The
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latter are very common ovarian neoplasms and belong to
the group of germ cell tumors. Evidence of intralesional
fat, independent of the size of the lesion, is indicative of
this being a benign entity (Fig. 11).

Primary criteria of malignancy on MRI include a di-
ameter of greater than 4-6 cm, intralesional solid ele-
ments or septations, wall thickening, and necrosis (Fig.
12). Ancillary criteria are enlarged lymph nodes, ascites,
and infiltration of neighboring structures.

In patients with ovarian carcinoma, preoperative cross-
sectional imaging may help in preoperative planning by
providing information on tumor spread. Currently, CT re-

Fig. 11. Benign mature teratoma. a Precontrast T1-weighted image.
b T2-weighted fat-saturated image. Parts of the lesion were hyper-
intense on T1- (a) and T2-weighted images (not shown) and
showed a signal decrease after fat saturation (b). The presence of
fat is indicative of a benign ovarian lesion.

Fig. 12. Mucinous ovarian cystadenocarcinoma with ascites in a
pregnant patient (coronal and axial TruFisp sequence). A large
multiloculated lesion is seen

mains, in our opinion, the imaging modality of choice for
this indication, having similar staging accuracy, but being
more widely available and cost efficient.

Up to 10% of ovarian tumors are metastatic. Rarely,
the ovarian lesion may be the first manifestation of dis-
ease. Primaries most commonly originate from the gas-
trointestinal tract, breast, uterus, or thyroid.

MRI in Obstetrics

There is no clinical or experimental evidence of terato-
genic or other adverse fetal effects from MRI in pregnan-
cy, and the technique is thus well suited for imaging of
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pregnant women for maternal or fetal reasons (Fig. 12).

MR pelvimetry is indicated in pregnant women with a
history of pelvic trauma, previous cesarean section, or in
women who desire a trial of labor when the fetus is in
breech presentation. The use of X-ray pelvimetry has de-
creased steadily in recent years. MRI offers the benefit of
accurate measurement of the maternal pelvic dimensions
without exposure to ionizing radiation.

More recently, technical advances in ultrafast MRI
have revolutionized our ability to image the fetus. MRI is
most likely to become an important tool for intrauterine
fetal imaging as an operator-independent supplement to
prenatal ultrasound in the near future.
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Part I: MRI of Prostate Cancer*
Introduction

Prostate cancer continues to be the leading cancer among
American men, with 184,500 new cases annually [1]. It has
been estimated that 39,200 men died of prostate cancer in
the U.S.A. in 1998. This makes prostate cancer the second
cause of cancer-related death in men [2, 3]. Furthermore,
the probability of developing prostate cancer from birth to
death is 20% [3]. Treatment selection is dependent on pa-
tient age and health, cancer stage and grade, morbidity and
mortality of treatment, as well as patient and physician
preference. The mainstay for organ-confined disease is ei-
ther radical surgery or curative radiotherapy [4, 5]. This is
only considered an option in the absence of seminal vesi-
cle infiltration (SVI), extension through the prostatic cap-
sule (extracapsular extension, ECE) or metastatic disease.
Therefore, the purpose of staging is the possible detection
of extraprostatic disease. Clinical staging by digital rectal
examination (DRE) and prostate specific antigen (PSA) re-
mains as yet inaccurate. Imaging modalities such as tran-
srectal ultrasound (TRUS) and magnetic resonance (MR)
imaging can be used to increase staging accuracy. This re-
view deals with the current possibilities and limitations of
MR imaging in the staging of prostate cancer.

Clinical Staging Methods

Accurate staging of prostate cancer is important because
treatment decisions are mainly based on the local extent
of prostate cancer (ECE, SVI) and the presence of
metastatic disease (lymphatic or hematogenous). DRE is
not an accurate staging method, as there are no gross char-
acteristics that are reliable to distinguish benign from ma-
lignant nodules [6]. Furthermore, the interobserver agree-
ment among urologists for detection of prostate cancer by
DRE is only fair [7]. Data accumulated from carefully ex-
amined prostatectomy specimens revealed that DRE un-
derestimates the local extent of cancer in 40-60% of the
cases [8, 9]. PSA is the most accurate marker to screen for
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prostate cancer, but has limited accuracy in staging be-
cause there is a substantial overlap in PSA concentrations
and pathologic stages. Nevertheless, the combination of
serum PSA concentration and other variables such as tu-
mour grade, volume and clinical stage, significantly en-
hance the predictive value of serum PSA for the patho-
logical stage [10, 11]. The probability of ECE, SVI and
nodal involvement can be predicted by using the normo-
grams of Partin [10] that are based on clinical stage,
Gleason score and serum prostate specific antigen (PSA).

MR Imaging

MR imaging of the prostate is still in an exploratory
phase and is not yet advocated as a routine staging pro-
cedure. Prostate MR imaging should be performed in
centers where at least 25-50 patients per year are exam-
ined and the results can be compared with histology,
preferably whole mount specimen [12]. Currently, the
major clinical indication for MR imaging is detection of
ECE, SVI, nodal and bone marrow metastases, which are
contraindications for radical prostatectomy [13]. Prostate
cancer is usually visible as a low signal intensity lesion
in a bright peripheral zone on a T2-weighted image (Fig.
1). The differential diagnosis of low signal intensity areas
includes cancer, hemorrhage, prostatitis, effects of hor-
monal or radiation treatment, benign prostate hyperplasia
(BPH), scar, calcifications, smooth muscle hyperplasia,
and fibromuscular hyperplasia [14]. Hemorrhage, mostly
a result from biopsy, can be differentiated from cancer by
evaluation of T1-weighted images (Fig. 2). Hemorrhage
is hyperintense on these images, whereas cancer has the
same intensity compared to adjacent normal tissue. BPH,
smooth muscle hyperplasia and fibromuscular hyperpla-
sia are located mostly in the central zone (CZ) and tran-
sitional zone (TZ), whereas cancer is primarily located in
the peripheral zone (PZ). Calcifications are common in
all locations of the prostate; however, these may be dif-
ferentiated from cancer based on their distinct oval form.
Scars are rare. Detection of cancer in the CZ and TZ is
generally not possible, as this area is commonly replaced
by BPH, which has an identical signal.
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Fig. 1. Stage T2a prostate cancer. On axial T2 weighted MR image
normal peripheral zone has high SI (white arrows), prostate cancer
(black arrow) and benign prostatic hyperplasia (BPH) have low SI.
Centrally, a bladder catheter with high SI urine is visible

Fig. 2. Biopsy hematoma and BPH (a) T2-weighted and (b) T1-
weighted axial images two weeks post biopsy. a Both hematoma
(arrows), and benign prostatic hypertrophy (B) cannot be differen-
tiated from tumor as all have low SI. b However, hematomas
(arrows) have high SI, and can be separated from BPH and cancer

A review of existing literature revealed that an optimal
imaging protocol includes turbo/fast spin echo, at least two
imaging planes, high-resolution images, and the use of an
endorectal phased array coil. Reading should (preferably)
be performed in consensus, using experienced readers.

Staging

Several MR imaging criteria for ECE have been used.
Table 1 presents commonly used criteria for ECE with its
specificity and sensitivity. Most frequent used criteria are
asymmetry of the neurovascular bundle, obliteration of the
rectoprostatic angle, and bulging of the prostate capsule
(Fig. 3). SVI is detected by an abnormal, asymmetric, low
signal intensity within the lumen on T2-weighted images
(Fig. 4) [15]. It should be noted that amyloid deposits,
stones or blood could also cause low signal intensity of the
seminal vesicles on T2-weighted images [14-17].

In staging, MR imaging should have a high specificity
for periprostatic extension, to ensure that only few pa-
tients will be deprived of a potentially curative therapy
[18]. Sensitivity for periprostatic extension is of minor im-
portance, because even a low sensitivity is an improve-
ment on clinical staging [18]. MR imaging is considered
cost-effective if performed in a subgroup of patients with
a prior-probability of ECE of at least 30%; that is, a PSA
greater than 10 or a Gleason grade greater than 7 [19].

The initial accuracy in 1990 for the staging of prostate
cancer with MR imaging was 69% [20]. Since then the
most prominent change was the development of an en-
dorectal coil (ERC), which resulted in faster imaging and
improved spatial resolution. Accuracy for ECE with the
ERC has a wide range, between 58-90% [21-24]. Several
reasons for this wide range can be given. Firstly, due to the
rapidly developing MR imaging technique, different studies
used different imaging protocols. Secondly, due to inexpe-
rience with this new method, considerable interobserver
variation may be present. A third important reason is that
different studies use different criteria for ECE (Table 3) re-
sulting in different accuracies. Although this variation re-
mains, the use of an ERC is considered to be an improve-
ment of the conventional MR examination [23-25].
Although major developments have changed the MR imag-
ing technique, it is still not possible to detect microscopic
ECE [20, 22, 26, 27]. The detection of SVI is generally not

Table 1. Criteria to predict extracapsular extension of prostate cancer

Criteria for capsular penetration Acc Spec Sens PPV

Asymmetry of neurovascular bundle  70% 95% 38% —
Obliteration of rectoprostatic angle 71% 88% 50% -
Bulge 72% 79% 46% 28%

Overall impression 1%  72% 68% 32%
Extracapsular tumor 73% 90% 15% 34%

Acc, accuracy; Spec, specificity; Sens, sensitivity; PPV, positive
predictive value; —, no data available
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Fig.3. Two stage T3a prostate cancers (extracapsular invasion), T2-
weighted axial MR image. a Large cancer is replacing about two
thirds of the left prostate (T). There is extracapsular extension
at the site of the neurovascular bundle (arrows). Clear asymmetry
of neurovascular bundles. Normal neurovascular bundle on right.
b Large tumor (7) in right peripheral zone. There is bulging and
extracapsular tumor spread (arrows)

a problem using the ERC, which has an accuracy range be-
tween 81-96% [21, 23, 24, 26]. T1- and T2-weighted im-
ages should be acquired at least two weeks after the prostate
biopsy, as hemorrhage decreases staging accuracy [28].

Beside its role in staging, MR imaging is useful in re-
ducing the number of false negative prostate biopsies in
patients with elevated PSA and repeated negative (TRUS-
guided) biopsies. With MR imaging, prostate cancer can
be detected and then a MR-directed biopsy can be per-
formed. Using MR imaging as a method to detect cancer
lesions in a group of 36 patients with negative biopsies
and elevated PSA values, an accuracy of 78%, a positive
predictive value of 74%, and a negative predictive value
of 84% was achieved [29].

In summary, the role of MR imaging in local staging
is not yet clearly defined, however, it is considered to be

Fig.4. Stage T3b prostate cancer (seminal vesicle infiltration). On
sagittal (a) and coronal (b) T2-weighted images, low SI area is pre-
sent representing tumor with seminal vesicle invasion (arrows)

cost-effective in a selected group of patients. SVI can be
detected with high accuracy, which is an advantage in
comparison with TRUS alone.

Metastatic Disease

CT and MR imaging are reported to be the most accurate
non-invasive methods of detecting pelvic lymph node
metastases. Scheidler et al. [30] concluded that CT and
two-dimensional MR imaging perform similarly for the
detection of lymph node metastasis, with a trend towards
an improved accuracy for MR imaging. Therefore, both
MR imaging and CT are recommended, because unlike
lymphangiography (LAG), they are non-invasive. A re-
cent study using MR imaging with a three-dimensional
technique has revealed a specificity of 98% and a posi-
tive predictive value of 94% in the detection of nodal
metastasis in bladder and prostate cancer [31]. This is
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clinically relevant because this can facilitate the indica-
tion for (MR-guided) biopsy [32], which can avoid an in-
vasive pelvic lymph node dissection in the case of a pos-
itive biopsy. The multi-planar reconstructions obtained
with this technique allow the evaluation of not only nodal
size, but also nodal shape. This is important because the
cut-off point between normal and metastatic nodes differ
for round and oval nodes. The smallest lymph node di-
ameter that can be detected by this method is 2 mm.
Different sensitivities and specificities are acquired de-
pending on the selection of cut-off size [31, 33, 34].

An important limitation of CT and MR imaging in the
evaluation of nodal metastasis is that both imaging meth-
ods depend on enlargement of lymph nodes as a criterion
for metastasis. The problem is that metastasis may also be
present in normal sized nodes, thus causing low sensitiv-
ities (36-60%) [35]. Due to their high cost, CT and MR
imaging in detection of nodal metastasis should only be
performed in a selected group of patients with high risk
for nodal metastases, which can be predicted by DRE,
PSA and biopsy Gleason score [10, 31, 35].

Hematogenous metastases are most common in the
axial skeleton. Currently, the mainstay for the detection
of bone metastases is a radionuclide bone scan.
However, it is well known that bone scans can yield
false-negative findings, especially in cases of very ag-
gressive metastases. Furthermore, the technique has a
high false-positive rate, mainly due to degenerative dis-
ease, healing fractures and various metabolic disorders
and their complications (e.g., osteoporosis and osteoma-
lacia). It has been demonstrated that bone scintigraphy is
unnecessary in the evaluation of newly diagnosed, un-
treated prostate cancer with no clinical signs of bone
pathology and serum PSA levels of less than 10 ng/ml
[36]. In patients with an elevated PSA (> 10 ng/ml) or
with locally advanced tumours, bone scans are consid-
ered worthwhile for detecting both asymptomatic and
symptomatic metastasis. MR imaging is more sensitive
in detecting bone marrow metastases compared to ra-
dionuclide bone scanning [37]. Therefore, MR imaging
can be useful in the evaluation of patients suspected of
having vertebral metastases with equivocal or negative
bone scans. Thanks to its high spatial resolution, MR
imaging may also guide needle biopsy procedures. Plain
radiographs are the least sensitive in evaluating the axi-
al skeleton for metastases. 50% of bone mineral content
must be altered before evidence of metastasis is visible.

In summary, MR imaging has a major role in detect-
ing nodal and bone marrow metastases in patients with
bladder or prostate cancer with high risk for metastatic
disease.

Future Developments

Recent developments in MR imaging include contrast-
enhanced fast dynamic MR imaging, magnetic resonance
spectroscopy (MRS), the use of nano-particles and 3T.

Fast Dynamic Imaging

Cancer can be differentiated from normal tissue by fast dy-
namic contrast-enhanced MR imaging because of typical
tumour enhancement characteristics. On contrast-enhanced
MR imaging, prostate cancer shows a typical early and
rapid enhancement with a higher peak enhancement and
wash-out of contrast compared to normal tissues [38-39].
This can be used to improve tumour localisation detection
(Fig. 5). Also, when one knows where the tumour is locat-

Fig. 5. Patient with
previous negative
biopsies. a Axial
T2-weighted im-
age shows low SI
region in central
gland, but not spe-
cific for tumor. b
Wash-out image,
same slice level as
a shows wash-out
of contrast in the
central gland.
Biopsy directed to
this area was posi-
tive and stage T2B
prostate  cancer
was confirmed at
prostatectomy (c¢)
within lined area
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ed, staging results will improve. This has been shown to be
especially valuable for inexperienced readers [40]. Other
fields where dynamic MR imaging may have a potential
role are therapy monitoring and the prediction of therapy
success of systemic therapy of prostate cancer [41].
Current problems of detection with dynamic MR imaging
of prostate carcinoma involve the large variation in en-
hancement patterns among patients with prostate carcino-
ma and the overlapping enhancement pattern of BPH, pro-
static intraepithelial hyperplasia (PIN) and inflammation.
However, using fast sequences and quantitative or semi-
quantitative parameters, like wash-out of the contrast agent
in cancer, makes differentiation from BPH possible [42].

MRS

Image-guided proton MRS ('H MRS) is a technique that
provides metabolic information about the prostate gland,
which may be used for in situ characterisation, diagnosis
and therapy evaluation of prostate cancer (Fig. 6).
Although the examination is comparable with MR imag-
ing, the spatial resolution is lower (down to 0.24 cm? has
been reported for the prostate) [43] and the information
obtained is related to metabolites rather than anatomy. It
has been shown that prostate cancer is characterised by a
decreased level of citrate and an increased level of (phos-
pho)choline [44]. Especially in the PZ, tumour tissue can
be identified by an increased choline/citrate (or
choline+creatine/citrate) signal-ratio [44, 45]. Correlations
have been reported between metabolite ratios and the his-
tologic grade in human prostate cancers [46]. The addition
of 'H MRS to (dynamic) MR imaging can improve tumour
visualisation and spatial extent [43, 47]. Potential areas of
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Fig. 6. MRSI. Metabolic map showing high choline/citrate ratio in
left peripheral zone. Prostatectomy confirmed cancer

prostate cancer management that may benefit from the 'H
MRS information include targeted TRUS-guided biopsies
for patients with PSA levels indicative of cancer but nega-
tive previous biopsies, therapy monitoring (watchful wait-
ing) and guiding focal prostate cancer therapies [48].

Nodal Staging Using Nano-Particles [48, 49]

New MR contrast agents with ultra small super paramag-
netic iron oxide (USPIO) particles are currently under in-
vestigation. In normal lymph nodes with functioning
macrophages, the iron oxide particles are phagocytosed
and thereby decrease the signal intensity on MR imaging.
Metastatic nodes, lacking macrophages, do not take up the
contrast agent and hence show no change in signal on post
contrast images. These agents may increase sensitivity for
nodal metastasis, by detection of metastasis in normal
sized nodes. When using high resolution MR-technique,
small metastases (3-7 mm) can be prospectively recog-
nised in small (5-10 mm) size lymph nodes. These small
lymph nodes would be considered to be benign in plain
MRI or CT examinations. In addition, hyperplastic en-
larged nodes can be correctly recognised as non-metastatic,
based on their low signal intensity. Using USPIO, MRI
patients may be reliably selected for prostatectomy or ra-
diotherapy without the need for invasive and costly proce-
dures such as open and laparoscopic pelvic lymphadenec-
tomy (PLND). Furthermore, USPIO can identify large ma-
lignant nodes and extracapsular extension. If the node is
not too small the presence of a malignancy can be con-
firmed by image-guided biopsy in 70% of the cases, and
thus also avoid PLND in these patients. Finally, Fowler and
Whitmore showed that 12% of all positive-node patients or
5% of all patients subjected to PLND will have the posi-
tive nodes missed, because they are located in the internal
iliac or common iliac region only and thus are not includ-
ed in the modern modified PLND for prostate cancer. With
USPIO MRI all pelvic nodes are visualised. Harisinghani
et al. [49] showed that in 9 of their 80 patients with prostate
cancer in which post USPIO MRI suggested metastases
outside the classical field of lymph node resection (Fig. 7),
and who underwent more extensive exploration, true
metastases were confirmed at these sites.

3T

It is feasible to perform endorectal MR imaging at 3T in
patients with prostate cancer, with the potential advan-
tages of increased spatial resolution of T,-weighted and
contrast enhanced MR images, increased temporal reso-
lution of dynamic contrast-enhanced MR imaging and
increased spectral resolution and signal-to-noise (SNR)
of MRSI [50]. It is likely that imaging with an endorec-
tal coil at a magnetic field strength of 3T will expand po-
tential clinical applications in evaluating the prostate. The
reported sensitivity and specificity for detecting extra-
capsular disease was 88% and 96% respectively, which is
an improvement compared to 1.5T (Fig. 8) [51].
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Fig. 7. On post ferumoxtran-10 images, normal nodal tissue is
black, and metastatic tissue is either grey (on T1-GRE images) or
white (on T2*-GRE images). b Nodes are within yellow, and
metastatic areas within white lines

Conclusions

Accurate staging of prostate carcinoma is essential for
taking treatment decisions. However, pre-operative clini-
cal staging is inaccurate. DRE and PSA can only provide
an inexact indication of local extent. Addition of other
parameters such as number of positive biopsies and biop-
sy grade improves clinical staging but is not accurate
enough to predict tumour stage in the individual patient.
Therefore imaging modalities such as TRUS and MR
imaging are needed to increase staging accuracy. Local
staging (ECE and SVI) with MRI is at least as good and
potentially superior to TRUS [10, 52, 53]. The advantage
of MR imaging is that both nodal, bone marrow and lo-
cal staging can be done in one imaging session, limiting
the number of examinations and cost.

In future research, cost-effectiveness should be an im-
portant guideline when working with these ‘expensive’
imaging techniques. In this respect, detection of advanced
disease by imaging and thereby the prevention of an un-
necessary radical prostatectomy should be weighed against
the cost of imaging itself and its value to assess the stage
of tumour for the individual patient. In a recent paper,

Fig.8. Stage T3a prostate cancer. a ERC T2-weighted MR image at
1.5 T shows tumor (7) but no definite capsular penetration. b High
resolution ERC image obtained at 3T shows clear extra capsular
extension (arrows)

Jager et al. [54] determined the appropriate use of MR
imaging for preoperative staging of prostate cancer. They
performed a literature review by using the principles of
evidence-based medicine and medical technology assess-
ment. A decision analytic model was used to compare the
strategy where radical prostatectomy is performed on the
basis of clinical staging with the strategy where extracap-
sular disease detected at MR imaging contraindicates rad-
ical prostatectomy in patients who were considered surgi-
cal candidates on the basis of clinical staging. After review
of the literature, expert panel opinion did not recommend
MR staging. No studies in which therapeutic efficacy was
addressed were found. However, the decision analytic
model indicated that the strategy including MR staging de-
creased costs (MR imaging, $10,568; radical prostatecto-
my, $11,669) and resulted in almost equal life expectancy
(MR imaging, 12.59 years; radical prostatectomy, 12.60
years) and quality-adjusted life-years (JQUALYs] MR
imaging, 12.53; radical prostatectomy, 12.52). Further-
more, results of sensitivity analyses demonstrated that the
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MR strategy was both more effective and less costly if the
prior probability of extracapsular disease was at least 39%
when considering QUALY, and 50% when considering un-
adjusted life expectancy. It was concluded that it is not yet
conclusively determined whether preoperative MR staging
is appropriate, but results of decision analysis suggest that
MR staging is cost-effective for men with moderate or high
prior probability of extracapsular disease.

Thus it remains very important to select appropriate
patients for staging with the imaging techniques men-
tioned above. Finally, it should be mentioned that the role
of imaging, especially MR imaging and MRS, is rapidly
changing and improving and more research needs to be
done to establish its definite role.

Part Il: Magnetic Resonance Imaging in the Assessment
of Urinary Bladder Carcinoma*

Introduction

Urinary bladder carcinoma is more common in males than
females, with a ratio of approximately 4:1, and is predomi-
nantly seen in the sixth and seventh decades of life [55, 56].

Determination of local tumor staging and detection of
nodal or bone metastases is extremely important [55, 57,
58]. Appropriate use of the different techniques is crucial
for accurate assessment of prognosis and for the develop-
ment of appropriate treatment planning. As clinical stag-
ing is not reliable for determining tumor extension beyond
the bladder wall, imaging techniques are needed [59].

Among the non-invasive imaging modalities, magnetic
resonance imaging (MRI) is the modality of choice for
imaging the urinary bladder cancer. Multi-planer capabili-
ties and superior soft tissue make this technique a valuable
tool for imaging the urinary bladder. In addition, recent ad-
vances, such as high resolution fast imaging sequences and
the use of pelvic phased array coils and contrast agents, fur-
ther improve the imaging quality and thus the diagnostic ac-
curacy for staging urinary bladder carcinoma [55, 60].

In Part II, the general features of urinary bladder cancer,
the role of imaging and especially of MRI will be reviewed.

Radiological Examination of Urinary Bladder Carcinoma
Plain Radiography

In a bladder with Bilharzia (schistosomasis) complicated
by carcinoma, the plain radiography may suggest the cor-
rect diagnosis. The calcification of the wall of the bil-
harzial bladder usually appears as a continuous curved
line of calcification, either smooth or irregular in contour,
depending on the state of distension (Fig. 9). If bladder
cancer develops, the continuity of the linear calcification
is usually interrupted [61].

* J.0. Barentsz, E. Abouh-Bieh

Fig.9. Plain X-ray of the pelvis showing calcified bladder wall due
to bilharzia

Dystrophic calcification may infrequently occur in the
necrotic bladder tumor, which is visible on the plain film
as a finely speckled collection of calcifications, or as a
well circumscribed calcification with a dense or even a
calcified nodule in the bladder region [61, 62].

Intravenous Urography (IVU)

Intravenous urography is performed to exclude upper renal
tract abnormalities [63]. It is important to take films with
the patient both in the prone and supine position. A filling
defect is only visible when the lesion is surrounded by
opaque urine. Hence, carcinoma of the posterior wall of
the bladder is best seen with the patient in the supine po-
sition, and carcinoma of the anterior wall with the patient
in prone position. Oblique views of the bladder may also
be helpful in the detection and localization of lesions [63].

If the tumor is located near the ureteral orifice, there may
be incomplete or even complete obstruction, subsequent di-
latation of the urinary tract or even decreased excretion of
the kidney on that side [64]. When one non-excretory kid-
ney is found in the presence of bladder cancer, an antegrade
pyelogram can be helpful. It is important to distinguish be-
tween complete obstruction due to the tumor in the bladder
itself and tumor extension up into the ureter [64].

Ultrasonography (US)

In Table 2 the TNM system is correlated with ultrasound
(US) findings. Non-invasive trans-abdominal ultrasound
is seldom used today because it is inaccurate for the as-
sessment of tumor spread beyond the bladder wall. Also,
visualization of the tumor is limited in obese patients, and
by air containing bowel loops adjacent to the bladder
wall. Further problems are related to inaccessibility of
US to accurately visualize tumors arising in the region of
the bladder neck and to the limitations in evaluating
lymph node metastasis [64].
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Table 2. Demonstration of TNM and MRI-staging cancer bladder

STNM AUS Histological Description

MRI criteria

Tis (0] Carcinoma in situ
T, Non-invasive papillary carcinoma

T, A Superficial limited to mucosa and submucosa.

T, B, Superficial invasion of the muscle layer

Top B, Deep invasion of the muscular wall

T3 C; Perivesical fat invasion: 3a: microscopic,
3b: macroscopic

Ty C2 Invasion of adjacent organs

NO D1 No lymph node involvement

N, Single homo-lateral side

N, Collateral, bilateral regional nodes

N; Fixed regional nodes

Ny Common iliac, aortic, or inguinal nodes

M, D, Distant metastasis

Not applicable

Stage T;, T, are diagnosed when the tumor is confined to
bladder wall with the outer bladder wall being of normal low
signal intensity on T2-W1

Interruption of low signal intensity bladder wall on T2-W1
Trans-mural tumor extension into the perivesical fat

Direct invasion of adjacent organs

More than 8 mm
More than 8 mm
More than 8 mm
More than 8 mm
Distant metastasis

Bladder tumors appear on US as echogenic lesions.
The bladder wall has a more intense echo pattern than tu-
mor tissue, thus permitting distinction of early superficial
lesions from those invading the deeper layers of the blad-
der wall. However tumors involving the superficial mus-
cle cannot be distinguished accurately from tumors in-
volving the deep muscle (Table 2).

Trans-rectal and trans-urethral US carried out with a
higher frequency transducer allow better resolution and
better staging, but ventral tumors and tumors at the dome
are poorly visualized.

Computed Tomography (CT)

The CT appearance of bladder tumors is not specific; it
can simulate invasive carcinoma of the prostate or rectal
metastasis, pheochromocytoma, Leiomyoma, lymphoma,
and malakoplakia [62].

The major role of CT in bladder carcinoma is to stage,
rather than to detect the primary tumor. This technique is
less accurate in low stage tumors, and its reliability in-
creases with more advanced disease [61] (Table 3).

Table 3. Accuracy of different staging techniques

Stage Clinical staging
including transurethral resection CT MRI

TO-T+ ++ — +
Tis-Ta ++ — -
Ta-T1 ++ — -
T1-T2a ++ - +
T2a-T2b 0 — +
T2b-T3a - - -
T3a-T3b - ++ ++
T3b-T4a - + ++
T4a-T4b - + ++
NO-N+ - + +
MO-M+ - 0+  ++

M+, bone marrow infiltration; 70, no malignancy e.g. scar, fibro-
sis, granulation tissue, hypertrophy; 7+ malignancy; ++, highly ac-
curate; +, accurate; 0, not accurate; —, not possible

On CT, bladder neoplasm appears as sessile, peduncu-
lated, soft tissue masses projecting into the bladder lumen
(Fig. 10). The tumors have a density similar to that of the
bladder wall on enhanced scans and occasionally the in-
tra-luminal surface is encrusted with calcium. However,
these tumors may show increased attenuation due to neo-
vascularization. Bladder cancer involving superficial and
deep muscles usually produce focal bladder wall thicken-
ing and retraction, but CT cannot reliably differentiate
between the various layers of the bladder wall and can-
not, therefore, distinguish lesions of the lamina propria
(stage T1) from those invading the superficial (stage T2a)
and deep muscle (stage T2b).

Tumors of the anterior, posterior and lateral walls are
easily detected and evaluated, but difficulties arise in
showing tumors at the dome and trigone because of the
axial plane imaging used routinely in body CT. CT is clin-
ically useful for detecting invasion into perivesical fat

Fig. 10. Stage T2b bladder cancer (7). On post contrast CT both
bladder wall and tumor have identical signal intensity and cannot
be separated
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(stages T3a and T3b), as CT can distinguish tumors con-
fined to the bladder wall from those spreading into the fat.

Macroscopic extra-vesical extension (stage T3Db) is
characterized by poor definition of the outer aspect of the
bladder wall with an increase in density of the perivesical
fat and often requires 5 mm sections. When no distinct fat
planes are present between the bladder and the rectum,
uterus, prostate and vagina, early tumor invasion into
these neighboring structures may be difficult to exclude.

Tumor invasion of the seminal vesicle should be sus-
pected if a soft tissue mass obliterates the seminal vesi-
cle fat angle. This sign should be interpreted with caution
because the normal seminal vesicle angle may be lost if
the rectum is over-distended or if the patient is scanned
in prone position.

CT can, in addition, evaluate retro-peritoneal pelvic
lymph nodes. Nodes greater than 10 mm are suspected to
contain metastases.

Magnetic Resonance Imaging (MRI)

MRI is superior to CT for staging urinary bladder carci-
noma. The multiplanar capabilities and soft tissue char-
acterization capabilities of MR imaging make it a valu-
able diagnostic tool for visualizing the urinary bladder
[66, 67].

Normal MR Anatomy

On T1-weighted images, the urine has low-signal intensi-
ty, and normal bladder wall has an intermediate signal in-
tensity equal to skeletal muscle (Fig. 11a). On these im-
ages, the perivesical vessels and vas deferens appear as low
signal intensity tubular structures surrounding the bladder
base interspersing the perivesical fat. On fat saturation T1-
weighted images the bladder wall has a slightly higher sig-
nal intensity than urine or perivesical fat [66-69].

On T2-weighted images the urine has a very high, and
the bladder a low signal intensity [66-69] (Fig. 11b). The
thickness of the bladder wall varies with the degree of the
bladder distension. The normal values range from 2.9 to
8.8 mm, with a mean of 5.4 mm. When the bladder is dis-
tended, the wall should not exceed 5 mm in thickness.

The peri-vesical fat has a high signal intensity both on
T1- and on fast spin-echo T2-weighted images, and an in-
termediate signal intensity on spin echo T2-weighted images
[66-69]. On fat saturation T2-weighted images not only the
signal intensity of perivesical fat that is similar to the blad-
der wall. Therefore on these images the bladder wall can on-
ly be delineated if there are adjacent higher signal intensity
perivesical venous plexus or seminal vesicles [66-70].

Immediately after injection of Gadolinium (Gd)-contrast,
the urinary bladder wall shows rapid enhancement [73].
Differential enhancement between the inner mucosa and
submucosa, and the outer muscular layer has been re-
ported on early images. The inner layer is more vascular
and shows early enhancement while the less vascular
muscular layer enhances later [71, 72]. About 2 minutes

Fig. 11. Stage T2b bladder cancer (7). a T1-weighted MR-image tu-
mor has the identical signal intensity as the wall. Urine has lower
and perivesical fat has higher signal intensity. b T2-weighted MR
image shows bladder wall with higher signal intensity than wall, and
lower than urine. At arrows low signal bladder wall is disrupted by
tumor, which argues for at least deep muscle invasion (stage T2b)

after contrast injection, the Gd-contrast is excreted into
the urine. In order to visualize enhancement within the
bladder wall, these images must be acquired within 2
minutes. Within the urinary bladder urine containing con-
centrated Gd, contrast concentrates by its higher gravity
on the dorsal side of the bladder (if the patient is supine)
and is seen as a low signal intensity layer. More diluted
urine containing contrast material is seen as a middle lay-
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er of high signal intensity. Finally, another low intensity
layer can be identified anteriorly, representing unen-
hanced urine. Patent blood vessels with normal flow can
be recognized without intravenous contrast by their typi-
cal signal void on turbo or fast spin-echo images.

On T1-weighted images, lymph nodes have an inter-
mediate signal intensity (Fig. 12). On T2-weighted im-
ages, the signal intensity varies (Fig. 13). It is, however,
always higher than that of muscle. T1-weighted images
provide the optimal contrast between medium nodes and
high signal intensity fat.

In general, axial images should be acquired using T1-
and T2-weighted sequences followed by imaging in oth-
er planes. The direction of these planes depends on the
site of the tumor. For example, coronal images are par-
ticularly helpful for visualizing tumors arising from the
base, dome and lateral bladder wall, whereas sagittal im-
ages can be used to visualize anteriorly and cranially lo-
cated tumors and tumors at the bladder sphincter. In ad-
dition, images should be acquired in a plane perpendicu-
lar to the wall at the base of the tumor. This allows better
delineation of muscle involvement. Use of multiplanar

Fig. 12. Normal node. On (a)
d coronal TI1-weighted image

" imaging plane of (b), parallel to
psoas muscle (‘obturator’ plane)
is indicated by white line. On
(b) Tl1-weighted ‘obturator’
plane a small 3 mm normal
node (circle) can easily be sep-
arated from longitudinal run-
ning vessels

Fig.13. Metastatic enlarged nodes (circles). On T2-weighted image,
nodes have higher signal intensity than muscle, and identical sig-
nal intensity as bladder cancer

reconstruction with a 3D sequence gives the best results.
An important plane direction in evaluating lymph nodes
is parallel to the psoas muscle. This so-called ‘obturator
plane’ allows visualization of nodes along their long ax-
is, and can locate them in relation to the iliac vessels and
obturator nerve (Fig. 12).

The slice thickness should be 4 mm at the most, with
a maximal gap of 1 mm. A thinner slice thickness pro-
duces better anatomical details and improved partial vol-
ume; however, the signal-to-noise (SNR) then also de-
creases. The field of view (FOV) usually ranges from 24
to 36 cm in diameter.

Image quality in the pelvis should be improved by us-
ing surface coils. Phased array body coils are well suited
for pelvic MR imaging. The high SNR obtained with
these coils facilitates excellent image quality with supe-
rior spatial resolution

Pulse Sequences

Since MRI is a highly flexible and versatile system, many
different imaging sequences and imaging planes are used
for pelvic scanning. The choice depends largely on the
type of the scanner used and its ability to obtain fast im-
ages. However, irrespective of the scanner features, T1-
and T2-weighted sequences are mandatory.

T1-weighted Imaging

For T1-weighted images, turbo or fast spin echo (SE) or
gradient recalled echo (GRE) sequences should be used.
On these sequences, bladder carcinoma has intermediate
signal intensity equal to that of the muscle and can be de-
lineated from fat and urine. T1-weighted images are there-
fore used to determine tumor infiltration into the perivesi-
cal fat. As mentioned before, these sequences are also
most suitable for imaging lymph nodes (Fig. 12). In addi-
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tion, there is a good contrast between the metastasis and
surrounding fatty bone marrow. Gradient echo images are
susceptible to motion and therefore may cause motion ar-
tifacts. They can be helpful for demonstrating pelvic side-
wall infiltration, vessels, and for distinguishing these from
enlarged lymph nodes. In addition, as these sequences
have a short imaging time they can be used for dynamic
contrast-enhanced imaging, or for quickly acquiring 3D
data. The combined time-saving of turbo or fast SE se-
quences and excellent image quality has led to the wide-
spread use of this sequence type. With an attempt to trade-
off the time-saving for an improvement in image quality
at many institutions, fast spin echo (FSE) has replaced
conventional SE for T1- and T2-weighted imaging scans.

T2-weighted Imaging

For T2-weighting, turbo or fast SE sequences are consid-
ered state-of-the-art. On T2-weighted images, urine has
high signal intensity and tumor has an intermediate inten-
sity, higher than bladder wall or fibrosis and lower than the
urine (Fig. 11b). The zonal anatomy of the prostate or
uterus and vagina can also be easily recognized on these
images. The T2-weighting should, however, not be too
strong, as then bladder cancer has a low signal intensity
that is too low, and results in decreased discrimination
from the wall. To obtain this goal, a TE of no longer than
90 ms should be used. These sequences allow high resolu-
tion images in a relatively short time, and are used for de-
termining depth of tumor infiltration within the bladder
wall, for differentiating tumor from fibrosis, for assess-
ment of invasion into the prostate, uterus or vagina, and for
confirming bone marrow metastasis seen on T1-weighted
images (Fig. 14a). For last purpose a Short Tou Inversion
Recovery (STIR) sequence can also be used can be used
(Fig. 15). Metastases have a high, and bone marrow has a
low signal intensity on this sequence type (Fig. 14b) [73].

Fig. 15. Bone marrow metastasis in pubic bone. On STIR image
bone marrow metastasis has high signal intensity (arrow)

Dynamic Contrast Enhanced Sequences

MRI using extra-cellular Gd-based contrast medium can
be used to improve visualization of bladder cancer (Fig.
16). The success of dynamic contrast-enhanced MRI de-
pends on its ability to demonstrate intrinsic differences
between a variety of tissues that affect contrast medium
behavior [64-47]. Gd-contrast is given intravenously as a
bolus injection with a power injector in the anticubital
vein in a dose of 0.1 mmol/kg. This extracellular contrast
agent readily passes from the vasculature into the ex-
travascular, extracellular space and gives rise to enhance-
ment. The contrast medium causes shortening of the T1-
relaxation time, and thus causes increased signal intensity
on T1-weighted images. The early phase of contrast-
enhancement — often referred to as the first pass — includes
the arrival of contrast medium. In this phase, the increased
signal seen on T1-weighted images arises from both the

Fig. 14. Bone marrow
metastases (arrows). a
T1-weighted MR im-
age shows metastases
as low signal intensity
round lesions. b On
the post-Gd fat satu-
rated T1-weighted im-
age, due to enhance-
ment, bone marrow
metastases can be rec-
ognized as high signal
intensity lesions
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Fig. 16. Stage T4b urinary bladder cancer infiltrating prostate and
pelvic sidewall muscle (arrows). a T2-weighted tSE image shows
bladder cancer (7) infiltrating in prostate and periprostatic fat
(arrows). b On the post-Gd fat saturated T1-weighted image, en-
hancing tumor infiltration in muscle of pelvic sidewall (arrows) is
also visible

vascular and interstitial component. Also, when a bolus of
contrast medium passes through the capillary bed, it pro-
duces magnetic field inhomogeneities that result in a de-
crease in the signal intensity of the surrounding tissues.

Urinary bladder carcinoma develops neovasculariza-
tion [56, 59, 77-84], therefore after intravenous adminis-
tration of gadolinium, bladder cancer shows earlier and
more enhancement than normal bladder wall or other
non-malignant tissues. Urinary bladder cancer starts to
enhance 7 seconds after the beginning of arterial en-
hancement, which is at least 4 seconds earlier than most
other structures [56].

Contrast enhancement has many advantages, including
improved detection of small bladders tumors, especially
those measuring less than 1 cm that may be missed on
T2-weighted images because the high signal tumor can

be obscured by urine; improved differentiation of bladder
tumors from blood clots and other debris; improved de-
tection of muscular and perivesical fat invasion and im-
proved conspicuity of (small) vessels. For contrast-
enhanced imaging of bladder cancer, T1-weighted se-
quences with a time resolution of less than 20 seconds
should be used. In the early phase (first pass phase), dis-
crimination between cancer and wall or fibrosis is best
visible. Also, this speed avoids the filling of the bladder
lumen due to renal excretion. To enhance tumor visual-
ization in the perivesical fat, either subtraction or fat-
saturation must be applied. Usually GRE sequences are
used for dynamic MRI. The imaging plane can be prese-
lected based on the previously performed T1- and or T2-
weighted sequences

Bladder Cancer Staging

Local tumor extension, the degree of lymph node and dis-
tant metastases, and histologic tumor type largely deter-
mine treatment and prognosis. Therefore, exact staging is
imperative. To determine local tumor extension (T), pres-
ence of lymph node (N) and distant metastases (M), the
International Union against Cancer proposed a uniform
clinical staging method (Table 1). In this table, a correla-
tion is also presented between the TNM-system and MRI-
findings. Patients with superficial tumors, i.e., tumors
without muscle invasion (stages Ta and T1) are treated
with local endoscopic resection followed by adjuvant in-
travesical installations. Patients with a tumor invading the
muscle layer of the bladder wall or with minimal perivesi-
cal extension (stages T2a to T3a) will be treated by radi-
cal cystectomy and lymphadenectomy. However, if the tu-
mor is in a more advanced stage (stages T3b-T4b) or if
there are nodal or distant metastases, the patient will have
palliative chemo- or radiation therapy.

Local Staging

Bladder tumors demonstrate different patterns of growth:
papillary, sessile, infiltrative or mixed. Papillary tumors
are usually superficial (stage T1 or less. i.e., with no mus-
cle wall infiltration) and are best demonstrated on T1-
weighted images in which the intermediate signal inten-
sity of the intraluminal tumor is outlined by surrounding
low signal intensity urine. On T2-weighted images, the
signal intensity of both bladder tumor and intravesical
urine increase, and intraluminal projections of bladder tu-
mors may be less conspicuous than on T1-weighted im-
ages [66-69]. Papillary transitional cell carcinoma of the
bladder has a loose connective tissue stalk. On MRI, the
stalk is defined as a structure that extends from the blad-
der wall to the center of the tumor, with signal intensity
different from that of the tumor [84]. Most of stalks show
lower signal intensity than tumor on T2-weighted images,
less enhancement on dynamic images and stronger en-
hancement on delayed enhanced images (Fig. 17). The
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Fig. 17. Papillary stage T1 tumor with stalk (arrowhead). a On the
T2-weighted tSE image, low signal intensity muscle is not dis-
rupted by higher signal intensity tumor. In the center of the papil-
lary tumor a low signal intensity stalk (arrowhead) can be seen. b
Post-Gd fat saturated T1-weighted image shows that the stalk has
more enhancement than the rest of the tumor (arrowhead)

identification of the stalk of a polypoid tumor may be an
important observation to exclude muscle wall invasion of
the tumor [84].

Muscle wall infiltrative tumors (stages T2a or above)
present as a diffuse or focal thickening of the bladder wall
with increased signal intensity on T2-weighted images.
This increase is in contrast to the low signal intensity of
normal bladder wall. Early contrast enhanced images
may help to recognize muscle wall infiltration. Findings
suggesting superficial tumors are: smooth muscle layer,
tenting of the bladder wall, fern-like vasculature and un-
interrupted submucosal enhancement. Findings that sug-
gest muscle invasion are: irregular wall at the base of the
tumor, focal wall enhancement or wall thickening around
the tumor.

MRI can differentiate between neoplastic infiltration
of bladder wall and bladder wall hypertrophy secondary
to outlet obstruction. In bladder wall hypertrophy, the
wall is diffusely thickened (more than 5 mm), but no al-
ternation of the low signal intensity wall is present on T2-
weighted images.

Muscle wall invasion is separated into superficial
(stage T2a) and deep (stage T2b). In stages T2b, the low
signal intensity layer of the bladder wall is disrupted on
T2-weighted images by the higher signal tumor (Fig. 11b).
Stage T2b cannot be separated on MRI from stage T3a
(microscopic fat infiltration). Macroscopic tumor exten-
sion through the bladder wall into the perivesical fat
(stage T3b) will cause a focal irregular decrease of signal
intensity of the fat on standard T1- or T2-weighted im-
ages (Fig. 18a). Contrast-enhanced images with fat satu-
ration also show tumor (enhancement) in the perivesical
fat. Invasion of adjacent organs may be inferred from the
extension of abnormal tumor signal intensity through fat
planes into adjacent structures (Fig. 18b). This is well
demonstrated with contrast-enhanced images. Invasion of
the seminal vesicles can be demonstrated by an increase
in vesicular size, decrease in signal intensity on T2-
weighted images and obliteration of angle between the
seminal vesicle and the posterior bladder wall (Fig. 19).
Invasion of the prostate and rectum is seen as direct tu-
mor extension with an increase of signal intensity.
Obliteration of the angle between bladder and prostate al-
so indicates prostate invasion. Invasion of the pelvic side-

Fig. 18. Stage T3b urinary bladder cancer infiltrating perivesical fat
(arrows). Both on (a) T2-weighted tSE and (b) post-Gd fat-saturat-
ed T1-weighted image, bladder cancer at right latero-dorsal wall can
be seen with macroscopic infiltration of perivesical fat (arrows)
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Fig. 19. Stage T4a urinary bladder cancer infiltrating right seminal
vesicle (arrows). T2-weighted tSE image shows hypointense intrav-
esical mass arising from right lateral wall with obliteration of fat plain
between the bladder and right seminal vesicle and abnormal signal in-
tensity of left seminal vesicle denoting invasion by the tumor (arrows)

wall (stage T4b) is seen on T1-weighted images as a loss
of normal fat plane between bladder wall (tumor) and the
vessels or musculature of the sidewall, or on T2-weighted
images as invasion of the sidewall musculature in by in-
termediate to high signal intensity tumor (Fig. 20).

As clinical staging is not reliable to determine tumor
extension beyond the bladder wall, other methods are
needed. CT is a valuable addition, but since the introduc-
tion of pelvic MR imaging in 1983, several reports have
shown the superiority of this technique for staging uri-
nary bladder carcinoma [57].

Fig.20. Stage T4b urinary bladder cancer (T) infiltrating the ventral
abdominal wall. T2-weighted tSE image shows large intravesical
mass arising from anterior bladder wall with abnormal high signal
intensity in muscles of anterior pelvic wall denoting invasion by
the tumor (arrows)

MR imaging appears to be superior to CT scanning for
staging carcinoma of the urinary bladder. Multi-planar
imaging allows better visualization of the bladder dome,
trigone, and adjacent structures such as the prostate and
seminal vesicles. The accuracy of MR imaging in staging
bladder cancer varies from 73% to 96%. These values are
10-33% higher than those obtained with CT [61].
Recently, several reports have been published on the stag-
ing of urinary bladder carcinoma with the use of IV-Gd
contrast. A 9-14% increase in local staging accuracy has
been reported using these contrast agents. Furthermore,
when using contrast agent, visualization of small tumors
(> 7 mm) improves. The most accurate staging results us-
ing IV gadolinium contrast material are obtained with
very fast T1-weighted sequences [56]. This can be ex-
plained by earlier enhancement of tumors compared to
surrounding tissues. Although contrast-enhanced MR
imaging has advantages over the use of unenhanced T2-
weighted sequences, such as higher SNR ratio and short-
er acquisition time, it is advised not to skip the T2-
weighted images. Large prospective studies in this regard
are necessary.

Lymph Node Staging

Normal nodes can be recognized with MRI down to a
size of 2 mm. With multiplanar imaging, both the size
and shape of the nodes can be assessed. The maximal
length (long axis) and the minimal axial size of the node
can be determined. Round nodes can be distinguished
from oval nodes by using an index that divides the axial
size by the long axis. Lymph nodes are considered round-
ed when this index is in-between 1.0 and 0.8, and spheric
or elongated if this index is greater than 0.8. The cut-off
value for the minimal axial diameter is 10 mm for a
spherical/elongated node and 8 mm for a rounded node.
An asymmetric cluster of small lymph nodes is also con-
sidered to be pathologic [58].

Lymph node metastasis in patients with superficial tu-
mors (less than stage T2) is rare, but if the deep muscle
layer is involved (stages T2a and higher) or if extravesi-
cal invasion is seen, the incidence of lymph node metas-
tasis rises to 20-30% and 50-60%, respectively. A non-
invasive, reliable method for detecting and staging nodal
metastasis would reduce the extent of surgery. Currently,
there are five imaging techniques described for nodal
staging: lymphangiography, CT, MRI, and '3FDG
positron emission tomography (PET) scanning.

Bipedal lymphangiography is no longer used as an
imaging method, although it has the capacity to show mi-
crometastases in normal-sized nodes. Its inability to de-
pict internal iliac nodes and its invasiveness are major
drawbacks.

(T and MRI

Detection of lymph node metastases has very important
clinical consequences. If metastatic disease is present,
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usually curative cystectomy will no longer be performed.
Current imaging techniques can only show nodal size.
Different sensitivities and specificities are acquired de-
pending on the selection of cut-off size for lymph nodes
[85]. Recently Jager and co-workers [58] showed that us-
ing a three-dimensional (3D) high-resolution technique,
not only nodal size, but also nodal shape could be as-
sessed. Using the nodal shape in relation to the cut-off
size also improved their results. They obtained an accu-
racy of 90% and a positive predictive value of 94% [60].
This is clinically relevant as a high positive predictive
value in the detection of nodal metastasis can facilitate
the indication for (MR-guided) biopsy [86]. In case of a
positive biopsy, this can avoid an invasive pelvic lymph
node dissection. Cross-sectional imaging modalities like
CT and (3D) MR imaging have a low sensitivity (76%)
as metastases in normal sized lymph nodes are still
missed, since both modalities use the non-specific crite-
rion of size to distinguish between normal and malignant
nodes [4, 31]. Although fast dynamic MRI has been
shown to improve sensitivity by showing fast and high
enhancement in metastatic nodes, specificity decreases.
In addition, fast dynamic is further limited by its low res-
olution and pronounced vascular artifacts [56].

Staging PLND still remains the most sensitive method
for assessing lymph node metastases and thus continues
to be the first step in the management protocol. Cost-
effective analysis performed by Wolf et al. [86] pointed
out that imaging should be restricted to patients with a
high probability of lymph node metastases. Thus they
concluded that imaging was superior to no imaging only
when the pretest probability of lymph node metastasis
was high, i.e., if tumor infiltration is in or beyond the
muscular layer of the bladder wall.

The most important parameter was the sensitivity of
cross-sectional imaging for lymph adenopathy. Pelvic
imaging combined with fine needle aspiration has also
been investigated. The data of Wolf et al. [86] suggest that
only a subset of patients at high risk for lymph node
metastasis benefits from cross-sectional imaging and pre-
operative lymph node sampling.

Bone Marrow Metastases

Currently, the mainstay for the detection of bone metas-
tases is a radionuclide bone scan. However, MR imaging
is superior to ™Tc bone scan in assessment of bone mar-
row involvement. The high sensitivity of MRI for evalu-
ating bone marrow metastasis makes it an ideal tool for
detecting suspected osseous metastatic disease and deter-
mining its extent. Osseous metastases are generally
hematogenously spread, and the vascular bone marrow is
usually the earliest site of involvement. For purposes of
screening, T1-weighted and STIR image are adequate to
detect foci of abnormal marrow. Therefore, MR imaging
can be useful in the evaluation of patients suspected of
having vertebral metastases with equivocal or negative
bone scans. Thanks to its high spatial resolution, MR

imaging may also guide needle biopsy procedures. Plain
radiographs are the least sensitive in evaluating the axial
skeleton for metastases. Fifty percent of bone mineral
content must be altered before evidence of metastases is
visible. However, the limitation of MR imaging is the in-
ability to produce ‘whole body’ images.

New MRI Techniques

USPIO MRI

Previous reports have shown that the information about
lymph nodes on MR images can be improved by pharma-
ceutical manipulation of tissue proton relaxation times.
Ultra small Super Paramagnetic Iron Oxide Particles
(USPIO) with a long plasma circulation time have been
shown to be suitable as a MR contrast agent for intra-
venous MR lymphangiography (Fig. 21) [87-90]. In a
study performed at UMC in Nijmegen and Mass General

Fig. 21. Normal size (5
mm) metastatic node
(circle). a MDCT re-
construction in ‘obtu-
rator’ plane shows nor-
mal size (5 mm) node
(circle). b On T2*-
weighted MR image in
identical plane ob-
tained 24 hours post-
USPIO, this node (cir-
cle) has high signal in-
tensity which argues
for metastasis. Also,
two small normal
nodes (arrows) are vis-
ible, which have low
signal intensity due to
accumulation of iron
loaded macrophages in
normal nodal tissue.
These nodes are not
visible on MDCT
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in Boston [91], in 80 patients with histologically proven
prostate cancer, using high-resolution techniques (at 1.5 T
using a body phased-array coil), on post USPIO MRI the
rate of detection of small nodal metastases in normal 5-8
mm sized nodes was significantly improved. Sensitivity,
accuracy and negative predictive value showed a signifi-
cant improvement using post-USPIO to 100%, 98% and
100%, respectively. This was due to the detection of small
3-4 mm metastases in normal-sized nodes. In addition,
MRI nodes were found outside of the surgical field in 9
out of 80 patients thanks to post USPIO. Similar post US-
PIO results — sensitivity, accuracy and negative predictive
value, respectively 96%, 95% and 98% — were acquired
recently in urinary bladder cancer [93].

Conclusions and Recommendations for Imaging Approach

To summarise, Table 2 (based on published reports and
our own experience) offers an overview of the value of
the several staging techniques for urinary bladder. MRI is
superior to CT for staging, as CT cannot differentiate be-
tween the various layers of the bladder wall and cannot,
therefore, distinguish lesions of the lamina propria from
those invading the superficial and deep muscle wall.
There are also difficulties in assessing tumors at the
dome and trigone. The multiplanar and soft tissue char-
acterization capabilities of MRI make it a valuable diag-
nostic tool among the non-invasive imaging modalities.
Also, MR imaging is the most promising technique for
the detection of nodal and bone marrow metastases.
When MR imaging is available, CT is no longer needed.
In addition, recent advances in MRI, such as fast imag-
ing, fast dynamic Gd-enhanced techniques, and the use of
specific contrast for the assessment of lymph nodes, im-
prove the imaging quality and diagnostic accuracy for
staging urinary bladder carcinoma. However, due to lim-
ited resources, this technique should only be used to ob-
tain information that directly influences therapeutic man-
agement and outcome. To achieve this, both the knowl-
edge of urologists in MR imaging and knowledge of the
radiologist in clinical handling is required, therefore, con-
tinuous education and communication between these two
specialties is a necessity.

Table 3 presents the diagnostic management of urinary
bladder cancer. Detection of bladder cancer should be
performed by cystoscopy. Once bladder cancer is diag-
nosed, the following step should be staging. For superfi-
cial tumors, clinical staging, which includes transurether-
al resection, is the best technique. If, however, there is
muscle invasion, further staging has to be performed with
MR imaging. To avoid post-biopsy over-staging from
edema and fibrosis, or the inconvenience of waiting 2-3
weeks after transurethral biopsy, we recommend fast dy-
namic imaging. Superficial tumors without muscle inva-
sion (stages Ta-T1) are treated with local endoscopic re-
section with or without adjuvant intravesical installations.
If cystoscopy reveals large multiple nodular or papillary

tumors, a MRI examination can be helpful to provide an
overview of the tumor prior to the biopsy.

Patients with muscle invasion (stages T2a-b) and with
perivesical infiltration (stages T3a-b) or with invasion in-
to prostate, vagina or uterus (stage T4a) will be treated by
radical cystectomy and lymphadenectomy.

Part lll: Scrotal Imaging*

With the continued evolution of high-resolution linear
transducers over the past fifteen years, clinicians, patients,
and imagers are able to rely on ultrasound as a tool with
near 100% sensitivity for significant intrascrotal patholo-
gy. Not only is the technique non-invasive and relatively
inexpensive, it is also highly effective for both the detec-
tion and characterization of a wide variety of disorders. A
comprehensive treatment of these conditions is beyond the
scope of this discussion, which instead focuses on dis-
eases that are of interest because of some combination of
clinical relevance or characteristic imaging features.

Intratesticular Disorders
Neoplastic

Germ Cell Tumors (GCT) are the most common neo-
plasms of the testis. The vast majority of these are ma-
lignant. Among the various histologic types, seminoma is
the most common to occur as a pure tumor. Most tumors
(approximately half of all lesions) are of the mixed vari-
ety, containing two or more histologic types. Thus, the
non-seminomatous tumors typically include one or more
of these types: embryonal carcinoma, teratoma, endoder-
mal sinus tumor, or choriocarcinoma — with or without
seminoma. Lesions typically present as a palpable mass,
although some aggressive tumors may present with
metastatic foci to the lung, bone, or nodal masses.

Most lesions are hypoechoic relative to the back-
ground homogeneous, medium-high echogenicity of the
testis. Calcifications are seen in at least one third of cas-
es, especially in non-seminomatous tumors.

Management nearly always involves orchiectomy for
definitive diagnosis and treatment of the local disease.
Seminomas are highly radiosensitive, and in most cases
prophylactic radiotherapy to the retroperitoneum is of-
fered. The prognosis is generally good unless there is ad-
vanced metastatic disease, such as lung nodules, at the
time of presentation [94].

For the non-seminomatous tumors, CT is often used to
determine if patients need retroperitoneal lymph node
dissection. Patients with (1) nodal involvement (either
enlarged on CT, or confirmed on pathologic assessment)
and/or (2) hematogenous metastasis are generally treated
with chemotherapy. The prognosis for non-seminomatous

* B.J. Wagner
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tumors is more guarded than that for seminoma, although
patients with stage I disease (limited to the scrotum) have
five year survival rates approaching 90%.

Gonadal stromal tumors are less common (less than 10%
of lesions) and are often incidental findings. Both Leydig
cell and Sertoli tumors are occasionally the cause of gy-
necomastia. The vast majority of these tumors are benign,
but have non-specific grey scale sonographic features.
One study reported characteristic peripheral hypervascu-
larity in these lesions [95], but it is unlikely that orchiec-
tomy could be avoided in most cases because the sono-
graphic features do not allow confident exclusion of ma-
lignancy nor absolute differentiation from the more com-
mon (and more sinister) germ cell tumors.

Lymphoma of the testis is typically seen in older patients
than those affected with GCTs, and it is rarely demon-
strated in patients without a known diagnosis of systemic
lymphoma. Hypoechoic, multifocal (or geographic), bi-
lateral lesions, which often have increased vascularity
compared with GCTs, are seen [96].

While not strictly neoplastic, five entities deserve dis-
cussion in this context: simple cysts, tubular ectasia, epi-
dermoid cyst, congenital adrenal rests, and testicular mi-
crolithiasis (TML).

Simple cysts are typically peripheral, multiple, and con-
tiguous with the tunica albuginea (more central cysts are
usually a manifestation of tubular ectasia). These have no
malignant potential and are rarely of clinical significance,
although they may be palpable and clinically mimic a germ
cell tumor. Rarely, they may be complicated by hemor-
rhage; most cases are easily diagnosed as simple cysts.
Features that raise concern for malignancy (and prompt
surgical removal), include solitary lesions complicated by
internal soft tissue, calcification, or a thick irregular wall.

Tubular ectasia represents a dilatation of the rete testis as
it converges along the mediastinum testis. Patients may
have a history of prior epididymitis or vasectomy, but
most have no specific symptoms. An ovoid or linear area
of decreased echogenicity, contiguous with the epi-
didymis, can usually be differentiated from neoplasm
based on the pattern of branching anechoic channels [97].
In occasional cases that may mimic neoplasm, T2-
weighted MRI will show a hyperintense focus (in contrast
to the hypointensity characteristic of most testicular neo-
plasms), which is often bilateral.

Epidermoid cyst is not considered to be a neoplasm by
most authorities. Instead, it is an inclusion cyst, lined by
squamous epithelium and filled with keratinized debris.
Although it accounts for less than 10% of intratesticular
masses, differentiation of the epidermoid cyst from germ
cell neoplasm is important in order to avoid radical
surgery for this lesion that can, instead, be effectively di-
agnosed and treated with a more limited procedure (enu-

cleation, sparing the testis). Epidermoid cyst can be rec-
ognized in many instances by an ‘onion-skin’ appearance:
alternating concentric rings of hypo- and hypere-
chogenicity [98]. A minority of cases will show wall cal-
cification. The absence of Doppler flow may be of some
help (the presence of central flow excludes the diagno-
sis), but one should remember that some neoplasms, es-
pecially when small, will not have flow detected sono-
graphically. Additionally, the onion-skin appearance is
neither sensitive (it is seen in approximately half of cas-
es) nor entirely specific (some neoplasms, including ter-
atoma, may rarely have the same feature) [99].

Congenital adrenal rest tumors are seen in patients with
poorly-controlled congenital adrenal hyperplasia (CAH).
Aberrant adrenal cortical cells migrate with gonadal tis-
sue during fetal development, and may hypertrophy at
some point during the disease. The sonographic appear-
ance is extremely variable, but is typically distinguished
from malignant germ cell tumor by the multiplicity of the
lesions, their eccentricity, and their contiguity with the
mediastinum testis. Treatment is glucocorticoid replace-
ment or, rarely, surgery (partial orchiectomy) [100].

Testicular microlithiasis (TML) describes the presence of
numerous small (1-2 mm) calcifications scattered
throughout the testicular parenchyma. This idiopathic
condition is associated with oligospermia in a minority of
cases; in most patients this is merely an incidental find-
ing. Although somewhat controversial, most published re-
ports conclude that there is an increased risk of testicular
germ cell tumors in patients with TML. For this reason,
patients should be carefully screened for coexistent tu-
mors, and followed sonographically at annual intervals
for interval development of malignancy [101-103].

Non-neoplastic

Infection typically begins in the epididymis. Epididymo-
orchitis is usually a clinical diagnosis; sonography is
sometimes used to rule out torsion or progression to ab-
scess. Sonographic findings are often absent, although
some patients will show a hydrocele (with or without
complicating elements indicating pyocele). There may al-
so be increased Doppler flow to the epididymis.
Progression to involvement of the testis occurs in a mi-
nority of cases, and may result in abscess formation or in-
farction.

Ischemia/infarction may result from torsion or less com-
monly from a variety of other causes (including vasculi-
tis, diabetes, or orchitis). Patients with torsion typically
have an acute clinical presentation with severe unilateral
scrotal pain, often following minor trauma or physical ex-
ertion. The typical finding is an asymmetric decrease in
color or amplitude (power) Doppler signal to the symp-
tomatic side. However, subtle variations of arterial spec-
tral Doppler waveforms may be seen early, including ab-
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sence of the dicrotic notch and/or increased resistance
(decreased or absent diastolic flow) [104]. The latter
finding may also be seen in early stages of torsion when
venous flow is altered but arterial flow is still seen by col-
or Doppler.

Emergent surgery is indicated to detorse and save the
testis; however, when grey scale findings are present, in-
cluding heterogeneity and decreased echogenicity, the is-
chemia has almost always progressed to infarction [105].
At this point, testicular salvage is not possible.

Important pitfalls in Doppler evaluation must be rec-
ognized in order to avoid misdiagnosis. The examiner
must be careful not to alter Doppler settings (gain, scale,
etc.) when comparing the normal (asymptomatic) testis to
the painful side. One must also remember that paratestic-
ular tissues may show reactive hyperemia, despite the ab-
sence (or significant decrease) in Doppler flow to the
testis itself. Focal infarction has a variety of causes with
a common pathway of microvasculitis and will show re-
gional wedge-shaped areas of decreased perfusion, often
with adjacent hyperemia [106].

Sarcoidosis 1s an unusual cause of a scrotal mass, and
may rarely be the presenting site of disease in some pa-
tients. The pattern of multiple hypoechoic intratesticular
masses associated with epididymal enlargement and het-
erogeneity is characteristic, although it may also be seen
in lymphoma.

Extratesticular Disorders
Neoplastic

In adults, malignant extratesticular neoplasms are rare
and have a non-specific appearance [107]. Mesothelioma
is an uncommon neoplasm, which usually presents as a
hydrocele, with soft tissue nodules of the tunica vagi-
nalis. Alternatively, it may present as a large heteroge-
neous mass, which may be difficult to separate from the
testis. Mesotheliomas tend to occur in individuals who
are decades older than those typically diagnosed with tes-
ticular germ cell tumors.

Lymphoma may occasionally involve the epididymis,
although in the majority of patients this does not lead to
a diagnostic dilemma as (1) the patient will be known to
have lymphoma and (2) there will be coexistent involve-
ment of the testis itself. Very rarely, solid tumors may
metastasize to the epididymis. Affected patients almost
always have advanced disease elsewhere throughout the
body.

The most common extratesticular intrascrotal neo-
plasm is lipoma, which arises from the spermatic cord
and can often be diagnosed clinically based on palpation.
Adenomatoid tumors are nearly as common as lipomas,
and account for about one third of extratesticular masses.
These are benign, but may be surgically removed either
to establish the diagnosis or because of local pain or ten-

derness. They are solid, well-marginated lesions that are
typically less than 20 mm in size. They most frequently
arise from the epididymis.

Papillary cystadenomas of the epididymis are seen in
about one quarter of patients with von Hippel-Lindau dis-
ease (VHL). The lesions are rare in individuals without
VHL. They are typically solid, measure between 1 and 5
cm, and may be indistinguishable from adenomatoid tu-
mors [107].

Sarcoidosis is more likely to affect the epididymis than
the testis. More than one third of patients will have bilat-
eral disease. Although discrete nodules will occasionally
be seen, the appearance is more commonly one of het-
erogeneous enlargement. A diagnostic pattern that may
be of use in a previously undiagnosed patient with hilar
adenopathy (which could be either lymphoma or sarcoid),
is to compare the testicular and the epididymal involve-
ment: in sarcoidosis, the degree of epididymal disease
typically exceeds testis involvement, whereas in lym-
phoma the converse is expected.
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Neoplastic disease may spread within the abdomen by
embolic metastasis, lymphatic extension, direct invasion,
and intraperitoneal seeding. Direct invasion may occur
from contiguous primary tumors and usually implies that
a locally aggressive tumor has broken through fascial
planes. Direct invasion from non-contiguous primary tu-
mors typically occurs via spread along the peritoneal lig-
aments and mesenteries. Intraperitoneal spread of malig-
nancy occurs initially through seeding of the peritoneal
cavity with metastatic cells. Tumor spread occurs via the
natural flow of ascitic fluid within the peritoneal spaces,
which, in turn, are defined by the peritoneal ligaments
and mesenteries.

Tumors that arise within the abdominal cavity have the
propensity to spread via the peritoneal ligaments and
mesenteries that suspend their organs of origin, either by
lymphatic extension or direct invasion, or via seeding of
the peritoneal spaces in which they reside. Although the
anatomy of the peritoneal ligaments, mesenteries, and
spaces is complex, a working knowledge of this anatomy
permits one to narrow the diagnostic possibilities when
metastatic disease is recognized [1].

Metastatic Spread via the Peritoneal Ligaments

The major ligamentous attachments of the upper ab-
domen include the lesser omentum, the gastrosplenic lig-
ament, and the splenorenal ligament. The lesser omentum
is subdivided into the gastrohepatic ligament and the he-
patoduodenal ligament. In the embryo, the gastrosplenic
ligament gives rise to the gastrocolic ligament (also
known as the greater omentum) and the transverse meso-
colon.

Gastrohepatic Ligament

The gastrohepatic ligament can be recognized on com-
puted tomography (CT) scanning as a fatty plane, which
joins the lesser curvature of the stomach to the liver. It
extends from the fissure for the ligamentum venosum to
the porta hepatis and contains the left gastric artery, the
coronary vein, and associated lymphatics. The criterion

for nodal enlargement in this region is somewhat small-
er than for elsewhere in the abdomen; nodes in the gas-
trohepatic ligament are generally considered abnormal
when they exceed 8 mm in diameter [2]. On occasion,
pathology in the gastrohepatic ligament may be mimic-
ked by unopacified bowel loops, the pancreatic neck, or
the papillary process of the caudate lobe of the liver pro-
jecting into the expected plane of the gastrohepatic liga-
ment [3, 4].

The gastrohepatic ligament provides an important con-
duit of disease from the stomach to the liver, in that the
subperitoneal areolar tissue within the ligament is con-
tinuous with the Glisson capsule (the perivascular fibrous
capsule within the liver). Thus, gastric malignancy can
spread via this pathway directly into the left lobe of the
liver and vice-versa. Common neoplasms spreading via
the gastrohepatic ligament include nodal metastases from
gastric, esophageal, breast, pancreatic, and lung cancer as
well as nodal involvement of lymphoma. Gastric and
esophageal cancer can directly invade this ligament and
spread into the left hepatic lobe [2].

Hepatoduodenal Ligament

The hepatoduodenal ligament is the free edge of the gas-
trohepatic ligament along its rightward aspect. It con-
tains important structures of the porta hepatis including
the common bile duct, the hepatic artery, and the portal
vein. The hepatoduodenal ligament extends from the
flexure between the first and second duodenum to the
porta hepatis; the foramen of Winslow is immediately
posterior to this ligament, permitting communication be-
tween the greater and lesser sacs [5]. Nodes of the fora-
men of Winslow, or portocaval space, have an unusual
morphology such that their transverse dimension is
greater than their antero-posterior (AP) dimension.
Generally, the upper limits of normal for the AP dimen-
sion is 1.0-1.3 cm, whereas the transverse dimension can
be up to 2.0 cm in width. Size criteria are somewhat less
helpful than in other lymph nodes. In the absence of
frank enlargement, a more spherical shape or central
necrosis suggests the presence of tumor within these
nodes (Fig. 1) [6, 7].
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Fig. 1. Invasive pancreatic carcinoma arising from the pancreatic
tail with numerous hematogenous metastases to the liver. A porto-
caval lymph node at the base of the hepato-duodenal ligament (ar-
row) is not enlarged by size criteria but contains metastatic disease
as evidenced by its central necrosis

A broad range of tumors may spread via the hepato-
duodenal ligament. Liver or biliary cancer, whether pri-
mary or metastatic, may spread in an antegrade fashion
through lymphatics in the hepatoduodenal ligament to de-
posit in periduodenal or peripancreatic lymph nodes.
Similarly, malignant disease in the nodes about the supe-
rior mesenteric artery (commonly involved with pancre-
atic and colon cancer) can spread in a retrograde fashion
up the lymphatics in the hepatoduodenal ligament.
Lymphoma can involve these nodes as well. Primary gas-
tric cancer arising in the lesser curvature of the stomach
can directly spread through the gastrohepatic ligament to
the hepatoduodenal ligament and then to peripancreatic
and periduodenal nodes. Vascular complications related
to the portal vein and hepatic artery can result; portal ve-
nous thrombosis and hepatic arterial pseudoaneurysms
can occur in advanced cases owing to their coexistence in
the hepatoduodenal ligament [1, 5].

Gastrosplenic and Splenorenal Ligaments

In the embryo, the gastrosplenic ligament is a long liga-
mentous attachment between the stomach and the
retroperitoneum which gives rise to the gastrocolic liga-
ment (greater omentum) and the transverse mesocolon. In
the adult, the gastrosplenic ligament is a thin ligamentous
attachment between the greater curvature of the stomach
and the splenic hilus (Fig. 2). It contains the left gas-
troepiploic and short gastric vessels, as well as associat-
ed lymphatics. The gastrosplenic ligament is continuous
with the gastrocolic ligament inferiorly and medially and
is continuous with the splenorenal ligament posteriorly

LEFT LOBE
OF LIVER

STOMACH

GSL

LESSER
SAC

SPLEEN

SPLENIC
ARTERY

SRL

Fig. 2. The gastrosplenic ligament (GSL) and splenorenal ligament
(SRL) comprise the left wall of the lesser sac and provide a conduit
for the spread of metastatic disease from the greater curvature of the
stomach to the retroperitonium and vice versa. LK, left kidney
(Reprinted with permission from [8])

and medially [9, 10]. As such, it provides an important
pathway of communication between the stomach, the
spleen, and the retroperitoneum. Gastric malignancies
commonly spread through this ligament (Fig. 3). Such
diseases can involve the spleen and ultimately result in
disease about the tail of the pancreas. Conversely, pan-
creatic neoplasms may spread via the splenorenal liga-
ment to the gastrosplenic ligament and involve the
greater curvature of the stomach [1].

Gastrocolic Ligament

The gastrocolic ligament (or greater omentum) joins the
greater curvature of the stomach to the transverse colon.
On the left it is continuous with the gastrosplenic liga-
ment, and on the right it ends at the gastroduodenal junc-
tion near the hepatoduodenal ligament. It results from fu-
sion of the anterior and posterior leaves of the gastros-
plenic ligament in the embryo, therefore it contains the
four layers of peritoneum that invest the stomach, and has
a potential space within it (Fig. 4). The gastrocolic liga-
ment contains the gastroepiploic vessels and associated
lymphatics. It provides an important conduit of malignant
disease from the greater curvature of the stomach to the
transverse colon and vice versa. When viewed in concert
with the transverse mesocolon, a conduit exists between
the greater curvature of the stomach and the retroperi-
toneum. In addition to direct spread of disease between
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Fig.3. Gastric adenocarcinoma invading the spleen via the gastros-
plenic ligament. a Initial contrast-enhanced CT scan reveals cir-
cumferential tumor involving the gastric fundus. b Six months lat-
er, a repeat CT scan shows invasion and dissection of the spleen
secondary to tumor spread via the gastrosplenic ligament

Fig. 4. The gastrocolic
ligament (GCL) joins
the greater curvature of
the stomach (G) to the
transverse colon (7C).
In concert with the
transverse mesocolon, a
pathway of disease is
formed between retro-
peritoneal  structures
such as the pancreas (P)
and the duodenum (D)
to the anterior aspect
of the intraperitoneal
cavity. RDS, right peri-
toneal space (lesser
sac); J, jejunum. (Modi-
fied from [11])

Fig. 5. Pancreatic islet-cell tumor arising in the pancreatic tail (a)
and metastatic to liver (b) has resulted in splenic vein thrombosis
with secondary short gastric venous collaterals in the gastrosplenic
and splenorenal ligaments (b) and gastroepiploic venous collater-
als (arrow) in the gastrocolic ligament (a)

the stomach, transverse colon, and pancreas, the gastro-
colic ligament serves as an important nidus for the peri-
toneal metastases that commonly occur with ovarian, gas-
tric, colon, and pancreatic cancer [12, 13]. Finally, dilat-
ed veins within this ligament may represent gastroepi-
ploic collaterals resulting from splenic venous compro-
mise that might occur in the setting of invasive pancreat-
ic tumors, or intraperitoneal tumors, which spread to the
retroperitoneum via the transverse mesocolon (Fig. 5).

Transverse Mesocolon

The transverse mesocolon serves as a broad conduit of dis-
ease across the mid-abdomen; bare areas link the pancreas
to the transverse colon, the spleen, and the small bowel.
On the right, the transverse mesocolon is continuous with
the duodenocolic ligament; in the middle, it is continuous
with the small bowel mesentery; and on the left, it is con-
tinuous with the phrenicocolic and splenorenal ligaments
(Fig. 6). It contains the middle colic vessels and associat-
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Fig. 6. The transverse mesocolon (7M) provides an important con-
duit for the spread of disease across the mid-abdomen. It is con-
tinuous with the splenorenal ligament (SRL) and phrenicocolic lig-
ament (PCL) on the left and with the duodenocolic ligament on the
right. In its mid-portion, it is continuous with the small bowel
mesentery (SBM). (Reprinted with permission from [8])

ed lymphatics. On CT, it may be recognized as a fatty
plane at the level of the uncinate process. Pancreatic tu-
mors often spread ventrally into the transverse mesocolon
to involve the transverse colon. In addition, they have the
propensity to continue through the gastrocolic ligament
to involve the stomach (Fig. 7). Alternatively, they
may spread through the transverse mesocolon to involve

Fig. 7. Invasive pancreatic carcinoma invading the retroperitoneum,
transverse mesocolon, and greater omentum. a Transaxial image. b
Parasagittal reformation (M, mass; P, normal pancreas; S, stomach;
TC, transverse colon). The transverse mesocolon (black arrows)
provides a pathway for the spread of metastatic disease to the
greater omentum (white arrows). Also noted is encasement of the
left renal artery and ovarian vein (double arrows)

the proximal jejunum just beyond the ligament of Treitz
(Fig. 8). Like the gastrocolic ligament, a potential space
exists within the transverse mesocolon, due to embryolog-
ic fusion of the gastrosplenic ligament with the embry-
ologic transverse mesocolon [9]. A less common but im-
portant route of spread also exists between the right colon
and the periduodenal and peripancreatic nodes via the
rightward aspect of the transverse mesocolon (duodeno-
colic ligament). This is important because lymphadenopa-
thy in the periduodenal and peripancreatic region may her-
ald a right colon cancer when other more common causes
of lymphadenopathy in this region are excluded [1].
Three routes of spread between the intraperitoneal vis-
cera and the retroperitoneum are thus provided by three
pairs of ligaments. The gastrohepatic and hepatoduodenal

Fig. 8. Incidental pancreatic adenocarcinoma involving the splenic
vein (a) was thought to be resectable owing to the lack of extra-
pancreatic involvement. At surgery, upon elevation of the trans-
verse colon, the tumor was found to have penetrated the base of the
transverse mesocolon and involved the proximal jejunum just be-
yond the ligament of Treitz (seen in retrospect in (b), arrows)



178

J.A.Brink,T. Hany

ligaments link the liver and lesser curvature of the stom-
ach to the retroperitoneum; the gastrosplenic and
splenorenal ligaments link the superior greater curvature
of the stomach and spleen to the retroperitoneum and the
gastrocolic and transverse mesocolon link the inferior
greater curvature of the stomach and transverse colon to
the retroperitoneum. The ligamentous pair in which
metastatic disease is recognized can suggest the organ of
origin, and, in the case of gastric cancer, the location of
the primary tumor within the stomach.

Metastatic Spread via the Peritoneal Spaces

The initiation and growth of seeded metastases on the
peritoneal surfaces depend on the natural flow of ascites
through the peritoneal spaces. Primary abdominal ma-
lignancies and secondary nodal metastases can break
through the visceral peritoneum and shed cells into the
peritoneal cavity. Once intraperitoneal, such cells propa-
gate through the peritoneal spaces along predictable
routes. A thorough understanding of the anatomy of the
peritoneal spaces may help refine differential diagnoses
for the source of intra-abdominal metastases. By recog-
nizing that a process is intraperitoneal, one may better
predict its organ of origin and likely routes of spread

(Fig. 9).

Coronary
Ligament

Transverse
Mesocolon

Small Bowel
Mesentery

Sigmoid
Mesocolon |

Fig.9. Posterior peritoneal reflections and recesses. Intraperitoneal
fluid flows naturally from the pelvis to the upper abdomen. Flow
occurs preferentially through the right rather than left paracolic
gutters owing to the broader diameter of the right gutter. In addi-
tion, flow in the left paracolic gutter is cut off from reaching the
left subphrenic space by the phrenicocolic ligament. The trans-
verse mesocolon divides the abdomen into supra- and inframeso-
colic spaces. In the right inframesocolic space, fluid is impeded
from draining into the pelvis via the small bowel mesentery.
Owing to natural holdup of fluid at the root of the small bowel
mesentery and sigmoid mesocolon, these structures are naturally
predisposed to involvement with serosal-based metastases in the
setting of peritoneal carcinomatosis. (Reprinted with permission
from [8])

Left Peritoneal Space

The left peritoneal space can be subdivided into four
compartments. Although these compartments freely com-
municate with each other, the inflammatory nature of ex-
udative fluid collections within them predisposes to fi-
brous adhesions, which may seal off one or more portions
of the left peritoneal space from the others.

The left anterior perihepatic space is limited on the
right by the falciform ligament and on the left by the an-
terior wall of the stomach. It follows the posterior curve
of the diaphragm, and is limited posteriorly by the left
coronary ligament (Fig. 10a).

Left
Coronary
Ligament

a Left
Subphrenic
Space

Lesser
Omentum

Lesser
Sac

Rt. Coronary Lig.
Superior reflection

Inferior reflection

Perihepatic Space
(Morison's Pouch)

Rt. Anterior
Perihepatic Space

Fig.10. Left (a) and right (b) perihepatic spaces. The left and right
perihepatic spaces are bordered posteriorly by the coronary liga-
ments. The reflections of the coronary ligaments mark the site of
the nonperitonealized ‘bare area’ of the liver (LL, left lobe of the
liver; LK, left kidney; S, stomach; 7TC, transverse colon; P, pan-
creas; D, duodenum; Lu, lung; L, liver [right lobe]; A, adrenal; K,
kidney; C, colon) (Reprinted with permission from [8])
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Fissure for
ligamentum venosum

Caudate Lesser
lobe omentum

Diaphragm Upper recess Esophagus

Fig. 11. The boundaries of the superior recess of the lesser sac may
be recognized when fluid engulfs the caudate lobe. The lesser
omentum separates this fluid from fluid in fissure for the ligamen-
tum venosum, which is in continuity with the left posterior peri-
heptatic space (gastrohepatic recess) (/V'C, inferior vena cava; Ao,
aorta) (Reprinted with permission from [8])

The left posterior perihepatic space (gastrohepatic re-
cess) is limited on the left by the lateral wall of the stom-
ach. This space follows the posterior margin of the left
hepatic lobe deep into the fissure for the ligamentum
venosum to form the posterior margin of the left hepatic
lobe. Thus, it is in close proximity to the lesser curve of
the stomach, the anterior wall of the duodenal bulb, and
the anterior wall of the gallbladder [9].

Although the gastrohepatic recess is close to the less-
er sac (divided from it by the lesser omentum), it is a
portion of the left peritoneal space, while the lesser sac
is a portion of the right peritoneal space (Fig. 11). This
distinction is important in that lesser sac collections are
very difficult to approach percutaneously, whereas gas-
trohepatic recess collections are usually accessible by
guiding a catheter along the inferior margin of the left
hepatic lobe.

The anterior left subphrenic space is in direct conti-
nuity with the left anterior perihepatic space, which
forms its right boundary. Far to the left, on the anterolat-
eral surface of the stomach, this space is limited by the
greater omentum. This is a common site for fluid locula-
tion in the setting of malignant ascites [14].

The posterior left subphrenic (perisplenic) space is the
posterior continuation of the anterior subphrenic space
and generally surrounds the lateral and superior margins
of the spleen. The ‘bare areas’ of the spleen are reliably
observed in perisplenic fluid collections [15-17].
Superiorly, the perisplenic space is entirely subphrenic
and surrounds the top of the spleen (Fig. 12) [18].

Fig.12. Cystic mesothelioma. Cystic and solid lesions are seen fill-
ing the left anterior and posterior subphrenic spaces

Right Peritoneal Space

There are three major subdivisions of the right peri-
toneal space: the right subphrenic space, the hepatorenal
recess, and the lesser sac (Figs. 10, 11). The right sub-
phrenic space occupies the smoothly contoured area be-
tween the superolateral margin of the liver and the right
hemidiaphragm. The medial extension of this compart-
ment is limited by the right coronary ligament, which is
simply the right lateral margin of the liver’s bare area
[19]. The hepatorenal recess (or Morrison’s pouch) is the
posteromedial extension of the subphrenic space, inferior
to the coronary ligament. As its name implies, it extends
between the right hepatic lobe and the anterior border of
the right kidney.

The lesser sac has two major components [10, 20]: a
small superior recess is immediately posterior to the hepa-
toduodenal ligament. The caudate lobe of the liver is en-
veloped by this peritoneal reflection (Fig. 11). The larger
inferior recess occupies the space behind the stomach, an-
terior to the transverse mesocolon and medial to the gas-
trosplenic ligament. As both portions of the lesser sac are
surrounded by abdominal viscera, percutaneous drainage
of collections within this space is difficult. Inferiorly, the
superior recess communicates with the right perihepatic
space through the foramen of Winslow. A potential exten-
sion may exist caudally behind the duodenum and pancre-
atic head, which may be responsible for peritoneal fluid
collections behind the pancreatic head in some cases [8].
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Introduction

Following the development of breath-hold, contrast-
enhanced techniques, magnetic resonance angiography
(MRA) has become an important tool for the evaluation
of patients with abdominal vascular pathology. Specifi-
cally, the lack of ionizing radiation, lack of nephrotoxic
contrast media and the non-invasive nature of MRA make
it a useful modality for abdominal vascular pathology.
The objective of this work is to describe the acquisition
techniques, relevant anatomy, and pathologic conditions
for accurate application of MRA in the abdomen.

MRA Technique

General techniques for MRA in the abdomen include lo-
calizer images, a fast T2 scan, a dose-timing acquisition,
and breath-hold three-dimensional gradient recalled echo
images acquired before, during, and following the intra-
venous administration of gadolinium contrast agent. In
addition, delayed, post-contrast T1-weighted gradient
echo imaging with fat suppression is helpful. Additional
optional scans include two-dimensional cardiac-gated
phase contrast images, as well as three-dimensional phase
contrast imaging.

Localizer images are typically obtained using a three-
plane localizer acquisition, therefore allowing the visu-
alization of the aorta along its long axis, as well the po-
sition of the kidneys posteriorly and the mesenteric cir-
culation anteriorly. Subsequently, a fast, breath-hold T2-
weighted image is very useful to evaluate masses inci-
dentally found on the MRA portion of the exam. A fat-
suppressed single-shot fast spin echo image is highly de-
sirable (HASTE, single-shot fast spin echo). Using these
techniques, T2-weighted images can be obtained
throughout the abdomen in a single breath-hold, there-
fore speeding the examination. The heavily T2-weighted
single-shot methods are sensitive to fluid, however, it
should be cautioned that subtle differences in T2 may be
masked due to magnetization transfer effects occurring
within the fast spin echo sequence. Therefore, these
techniques are most useful for confirming cystic fluid

collections, rather than complete characterization of all
abdominal masses.

Subsequently, the arrival time of contrast agent in the
region-of-interest must be determined. Several options
for determining the arrival time of contrast media are
available. These include first, a dose-timing scan, in
which a small test dose of contrast agent (1-2 cc) is ad-
ministered, and serial gradient recalled images are ob-
tained at 1-2 second intervals. The arrival time of con-
trast can be determined by measuring a region of inter-
est in the serial images [1]. Second, fluoroscopically-
triggered MRA, in which serial gradient recalled images
are obtained and rapidly reconstructed so that the indi-
vidual performing the exam can detect the arrival of con-
trast agent within the region-of-interest [2]. Third, auto-
matically triggered techniques, where a sampling vol-
ume is placed over the aorta, and the MRI scanner de-
tects the arrival of contrast agent within the sampling
volume automatically, triggering the three-dimensional
acquisition [3].

For the contrast-enhanced scan, meticulous attention
to detail is important to ensure diagnostic studies.
Typically, a three-dimensional T1-weighted spoiled-
gradient recalled echo acquisition is acquired. Fast gradi-
ents are important in order to ensure that a short repeti-
tion time (TR) and echo time (TE) are achieved, therefore
maximizing spatial resolution per unit time. Images are
acquired prior to contrast agent in order to verify that the
location of the three-dimensional volume covers the
anatomic region-of-interest. In addition, the pre-contrast
image set is used as a mask, if mask subtraction is nec-
essary. An image volume is then acquired during the ar-
terial phase of contrast enhancement, followed by an ad-
ditional volume during the venous phase.

Following the three-dimensional volume acquisition,
delayed post-contrast T1-weighted gradient echo imaging
with fat suppression is performed. These images are very
useful for determining the true size of aortic aneurysms,
evaluating venous contrast enhancement patterns for
parenchymal lesions that are detected on the three-
dimensional contrast MRA, as well for evaluating venous
abnormalities including venous thrombosis. These im-
ages are typically obtained using an interleaved gradient
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echo technique in order to optimize signal-to-noise ratio
and contrast resolution.

Finally, optional supportive sequences include two-di-
mensional phase contrast methods for measuring the di-
rection of blood flow, and the volumetric flow rate in se-
lected vessels of interest. Typically, a segmented k-space
gradient recalled echo acquisition is used, and is ac-
quired during a single breath-hold. Accurate flow mea-
surements may be obtained if high spatial resolution
studies are acquired to limit partial volume errors asso-
ciated with flow measurement. Three-dimensional phase
contrast acquisitions are also helpful, especially in the
renal arteries, where the presence of signal void at, or
distal to, a stenosis implies a hemodynamically signifi-
cant stenosis.

The dose of gadolinium contrast agent required for ab-
dominal vascular imaging is dependent on the resolution
that is acquired during the examination. Many studies
have been performed demonstrating that a single dose (20
cc) is satisfactory for aortic and renal artery imaging [1].
For high-resolution examinations, it may be necessary to
increase the dose to 30, or even 40 cc, gadolinium con-
trast agent. The rationale for the increased dose is that it
is necessary to provide consistent arterial enhancement
throughout the acquisition technique. Typically, the
gadolinium contrast is injected at a rate of 3 cc per sec-
ond. The contrast administration is followed immediately
by a saline flush of at least 20 cc in order to clear the line
and flush the contrast agent through the venous system.
It should be noted that a saline flush as large as possible
should be used, because large saline flushes have been
shown to provide greater arterial signal.

Aorta
Technical Considerations

The general MRA techniques are described above.
However, it is important to note the need for a delayed
image acquisition in patients with abdominal aortic
pathology. Many of these patients have delayed filling of
vessels distal to the aneurysm or occlusion, or delayed
filling of a false lumen in dissection. Therefore, it is im-
portant to review at least a two-phase exam, one phase
timed to the arterial arrival of contrast, and one phase im-
mediately following arterial enhancement. Several
groups have demonstrated the utility of a time-resolved
exam in this setting [4, 5]. Finally, in the case of aortic
aneurysm, it is important to note that the delayed two-
dimensional fat-suppressed T1-weighted gradient echo
exams provide a better estimate of the true aortic diame-
ter, including the thrombosed lumen.

Anatomy

The normal caliber of the abdominal aorta at the renal
arteries measures from 1.5 cm in adult woman, to 2.1 cm

in adult men [6]. The celiac artery arises at the T12/L1
level, the small mesenteric artery (SMA) at the L1 level,
and the intermediate mesenteric artery (IMA) at the L3
level. The renal arteries typically arise at the L1/2 level.
The four paired lumbar arteries arise from the aorta pos-
terio-laterally, and they create important collateral path-
ways with the intercostal arteries, the ilio-lumbar ves-
sels, and the gluteal arteries in the setting of aortic oc-
clusive disease.

Pathologic Conditions
Aortic Aneurysm

Abdominal aortic aneurysms are defined as localized
enlargement of the aorta by 50% of its diameter or
more [7]. Most abdominal aortic aneurysms are in-
frarenal; an estimated 10% are either supra- or juxta-
renal. While an infrarenal abdominal aortic aneurysm
is considered present when the diameter exceeds 3 cm,
the risk of significant morbidity and mortality increas-
es as the size increases, with an estimated five-year risk
of rupture of 25% if the aneurysm exceeds 5 cm in di-
ameter [8].

MRA has been shown to be accurate for the detection
and delineation of abdominal aortic aneurysms (Fig. 1)
[9]. In addition, MRA is useful for delineation of branch
vessel involvement with aneurysm or stenosis. The de-
layed images on contrast-enhanced exams are also help-
ful for determining the relationship of the venous anato-
my to the aneurysm.

Mycotic aneurysms typically are eccentric and sac-
cular in location, which is atypical for atherosclerotic
aneurysms. Common organisms include salmonella
and staphylococcus, and inflammatory abdominal
aneurysms are seen more commonly in immunosup-
pressed patients, intravenous drug abusers, and pa-
tients with bacterial endocarditis. Magnetic resonance
angiography demonstrates the lumen of the aneurysm
in mycotic aneurysms. However, the delayed images
on MRA techniques also demonstrate marked en-
hancement of a thickened rind of aorta in cases of in-
flammatory aortic aneurysm. However, the enhancing
aortic wall can also be seen in noninfected aortic
aneurysms.

Inflammatory abdominal aortic aneurysms comprise
approximately 5% of all abdominal aneurysms [10].
Retroperitoneal fibrosis is a special case of inflamma-
tory aortic aneurysmal disease felt to be due to an im-
mune reaction that results in leakage of antigen across
the aortic wall, which then triggers a fibrotic immune
response to the antigen [10]. This results in extensive
retroperitoneal fibrosis associated with the aneurysm.
MRA, due to its sensitivity to extraluminal soft tissue
anatomy, can be useful for following the response of pa-
tients to treatment for retroperitoneal fibrosis. The pro-
gression and regression of the retroperitoneal fibrotic
process can be monitored on serial exams.
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Fig. 1. Abdominal aortic
aneurysm. a Sagittal and
(b) coronal subvolume MIP
displays demonstrate Craw-
ford Type IV infrarenal ab-
dominal aortic aneurysm
with extensive thrombosed
lumen (arrow). The subvol-
ume MIP in (b) demon-
strates multiple left renal
arteries

Aortic Occlusion

Aortic occlusion typically occurs in the infrarenal ab-
dominal aorta [11]. The majority of aortic occlusions oc-
cur due to embolization, often a cardiac source, although
thrombosis superimposed on aortic atherosclerotic dis-
ease is not an uncommon cause. Other causes of aortic
occlusion include thrombosis of an abdominal aortic
aneurysm, trauma, dissection, and extrinsic compression

of the aorta. In most of these cases, a distal aortic oc-
clusion propagates back to the level of the origin of the
renal arteries.

MRA techniques are ideally suited for the evaluation
of infrarenal abdominal aortic occlusion (Fig. 2). Many
of these patients have superimposed renal insufficiency,
and the relative lack of nephrotoxicity associated with the
gadolinium dyes reduces the risk of renal failure in these
patients. In addition, the intravenous injection eliminates
the need for intra-arterial access, which in the case of aor-
tic occlusive disease must occur from an approach in the
arm, with a small but significant increase in morbidity
associated with catheter-induced complications. It is pos-
sible to visualize the common femoral and distal vascu-
lar run-off in patients with aortic occlusion using MRA
due to the complete opacification of blood during the in-
travenous injection.

Abdominal aortic coarctation is an uncommon disease
found in children and young adults that can present with
claudication, renal vascular hypertension, and symptoms
of mesenteric ischemia. Congenital causes of abdominal
aortic coarctation include William’s syndrome, congeni-
tal rubella, and neurofibromatosis. Acquired cases, seen
in young adults, are often due to Takayasu’s arteritis, fi-
bromuscular dysplasia (FMD), and radiation therapy. As
opposed to abdominal aortic occlusion, the abdominal
aortic narrowing in coarctation usually involves the renal
arteries [12]. The inferior mesenteric artery serves as a
major collateral pathway in the setting of abdominal aor-

Fig. 2. Aortic occlusion with Leriche
syndrome. Coronal image depicting the
entire abdominal and lower extremity
circulation. The image is a combination
of the MIP images from the pelvis and
thigh station and the below-knee time-
resolved (TRICKS) acquisition. Occlu-
sion of the infra-renal abdominal aorta
is shown with collateralization (white
arrow), and right superficial femoral
artery occlusion or high-grade stenosis
(open arrow). Three-vessel run-off is
shown bilaterally



184

T.M. Grist

tic coarctation, and can often enlarge to several centime-
ters in diameter.

MRA is suitable for evaluating patients with abdomi-
nal aortic coarctation. In particular, MRA as a noninva-
sive technique, with a non-nephrotoxic contrast agent is
suitable for following these patients to assess the need for
medical or surgical intervention. Typical findings are
seen on MRA exams, including diffuse attenuation of the
aorta, with extensive collateral filling of the distal vessels
via intracostal, internal iliac, and mesenteric collaterals.

Postoperative Aorta

Surgical repair of abdominal aortic aneurysm remains the
mainstay of operative treatment to reduce the risk of rup-
ture [7]. Two grafts are used primarily for abdominal aor-
tic aneurysm repair that do not involve the iliac arteries.
Bifurcation grafts are used in settings of abdominal aor-
tic aneurysm with aortoiliac occlusive disease.

Two types of aortic bifurcation grafts are commonly
used. In the aortic onlay graft, the proximal end of the
graft is anastomosed to the ventral wall of the aorta, and
the distal limbs of the graft are anastomosed to both com-
mon femoral arteries. The abrupt angle at the distal aor-
ta to proximal graft interface results in a slightly higher
incidence of graft occlusion in these patients. For the
end-to-end Y-graft, the proximal graft is anastomosed in
an end-to-end fashion to the distal aorta. The distal bi-
furcated graft is anastomosed to each common femoral
artery. The end-to-end Y-graft is felt to provide a more
physiologic flow state at the proximal and distal anasto-
moses.

MRA is useful for evaluating complications associat-
ed with surgical graft placement. Complications include
perigraft infection, anastomotic pseudoaneurysm, graft
occlusion, and aortoenteric fistula (Fig. 3). In particular,
delayed, contrast-enhanced images and T2 fast spin echo
images are useful for evaluating perigraft infection,
which is characterized by a thick rind of enhancing tissue
around the graft, as well as increased signal intensity as-
sociated with fluid collection within the thick rind of tis-
sue.

Recently, aortic stent grafts have provided a less in-
vasive alternative to standard surgical repair of aortic
aneurysms. MRA may be used for the preoperative as-
sessment of features of the aorta that are important to
measure prior to stent graft placement. These features
include the diameter of the proximal landing zone, di-
ameter of the distal landing zone, length of the
aneurysm, length of the proximal landing zone, length
of the distal landing zone, and status of the aortic
branch vessels.

MRA can be used postoperatively to assess the pres-
ence of endoleak associated with endovascular stents for
abdominal aortic aneurysm. However, it should be not-
ed that the artifact associated with the metallic cage re-
quires the use of slightly different parameters for the
MRA acquisitions. Specifically, a minimum echo is

Fig.3. Aortic graft pseudoaneurysm. a Coronal and b Sagittal MIP
display in patient with aorto-bifemoral graft and pseudoaneurysm
at graft anastamosis. The location and eccentric origin of the
aortic sac suggests pseudoaneurysm, which was confirmed upon
surgery

used in order to reduce the susceptibility-induced signal
use associated with the metallic portion of the cage. In
addition, the cage itself creates a radiofrequency shield
that can limit radiofrequency energy deposition within
the stent graft. This limitation can be overcome by in-
creasing the flip angle of the MRA acquisition to ensure
penetration of radiofrequency energy within the stent
graft. A flip angle of 70 degrees will often demonstrate
the lumen of the vessel within the stent graft, despite the
radiofrequency shielding that occurs due to the stent
graft itself.

Renal Arteries
Technical Considerations

The renal arteries typically measure 4-5 mm in diameter.
Therefore, high-resolution techniques are necessary for
accurate characterization of renal artery stenosis. In ad-
dition, it is necessary to use a breath-hold acquisition se-
quence in order to limit the effects of respiratory motion
on spatial resolution.

Two approaches are possible for obtaining high-
resolution images of the renal arteries. One approach
uses a small field of view (FOV) localized to the
renal arteries only, which is used in conjunction with a
256 x 192 acquisition matrix, for example, over a 24
cm FOV. The other approach takes account of the fact
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that it is often desirable to image the iliofemoral arter-
ies at the same time that the renal arteries are imaged,
in order to provide a road map for a possible percuta-
neous catheter placement if renal artery angioplasty is
contemplated. In this approach, a 36 cm FOV is desir-
able, with a high-resolution acquisition matrix along
the superior inferior direction (e.g., 512 imaging ma-
trix). For these scans, it is also desirable to use an
oblique three-dimensional acquisition in order to in-
clude the renal arteries as well as the iliacs and com-
mon femoral arteries as they move anteriorly in the
distal part of the imaging FOV.

Pathologic Conditions

The clinical consequences of renal artery stenosis include
renal vascular hypertension and ischemic nephropathy.
Renal artery stenosis is the cause of hypertension in an
estimated 1-5% of patients with elevated blood pressure.
In addition, bilateral renal artery stenosis, or unilateral re-
nal artery stenosis in a single kidney, is a cause of chron-
ic renal ischemia, and can result in end stage renal dis-
ease. An estimated 16% of patients with end stage renal
disease have ischemic nephropathy.

Causes of renal artery stenosis include atherosclerotic
disease in approximately 75%, and fibromuscular dys-
plasia in approximately 25% of patients. The clinical fea-
tures of the two diseases are distinct; atherosclerotic dis-
ease affects older individuals, and causes proximal renal
artery disease (Fig. 4). In contrast, fibromuscular dyspla-

Fig.4. Bilateral renal artery stenosis. Coronal MIP display of renal
arteries during IV infusion of 30 cc gadolinium contrast agent
demonstrates bilateral renal artery stenosis, high exceeding 80%
diameter. The patient presented with renal failure, edema, and con-
gestive heart failure. The symptoms reversed after renal en-
darterectomy. The lack of nephrotoxic contrast agent makes MRA
an ideal diagnostic study in patients with renal insufficiency and
suspected renal artery stenosis

sia tends to cause renal artery stenosis involving the more
distal renal artery and its branches, and is found in indi-
viduals at a younger age.

Renal MRA has been shown to be accurate for de-
picting proximal renal artery stenoses associated with
atherosclerotic vascular disease. High-grade stenoses
are often depicted with a small focus of signal loss at
the site of the stenosis. For mild to moderate stenoses,
it is often helpful to acquire an additional three-dimen-
sional phase contrast exam, which is more sensitive to
the signal loss associated with turbulent flow distal to
the stenosis.

As discussed above, FMD is known to cause more fo-
cal web-like stenosis, often involving the distal main re-
nal artery or its segmental branches (Fig. 5). The accura-
cy of renal MRA in this situation is unknown at this time.
It is clear that some cases of FMD can clearly be demon-
strated using MRA, however it is necessary to carefully
review the MIPs as well as the source images to identify
the beaded, irregular appearance of the renal artery. It
should be noted, however, that visualization of the seg-
mental renal artery is obscured by enhancement of the re-
nal parenchyma by the gadolinium contrast agent.
Therefore, small focal segmental artery stenoses are dif-
ficult to identify on renal MRA.

Fig.5. Renal fibromuscular dysplasia. Oblique coronal MIP display
demonstrates classic string-of-pearls appearance of FMD (arrow),
indicating medial fibrodysplasia subtype
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Mesenteric Arteries
Technical Considerations

In suspected cases of mesenteric ischemia, it is important
to maintain high spatial resolution in the anterior/posteri-
or direction, therefore either a coronal acquisition with
thin slices or a sagittal acquisition is often chosen. In ad-
dition, the use of fat suppression improves the contrast
between the opacified vessels and the surrounding
mesenteric fat. Likewise, visualization of the distal
mesenteric vessels can be improved by administering a
meal, since mesenteric flow increases substantially fol-
lowing a meal, therefore improving opacification of the
distal vessels.

Anatomy
Mesenteric Anatomy

The celiac axis arises from the aorta at the T12/L1 level,
and classically gives off three branches including the left
gastric, the splenic, and the common hepatic artery [13].
Variations in the branching pattern are seen in up to 40%
of individuals; most commonly (in 15% of individuals)
the right hepatic artery arises from the superior mesen-
teric artery. The left hepatic artery arises from the left
gastric artery in an additional 10% of individuals, and an
estimated 5% of individuals have an accessory left he-
patic artery arising from the left gastric artery or an ac-
cessory right hepatic artery arising the superior mesen-
teric artery [13].

The SMA arises at the L1 level, while the IMA typi-
cally arises from the anterior aorta at the level of L3.
Mesenteric collateral pathways form important anasto-
motic pathways for blood flow in cases of mesenteric is-
chemia or aortic occlusion. Collateral pathways from the
celiac artery to the SMA are commonly seen via the pan-
creaticoduodenal arcade and the arc of Buehler, which is
an embryonic ventricle communication of the celiac
artery to the SMA. Collateral pathways from the SMA to
the IMA including the arc of Riolan, which are short
SMA to IMA collaterals centrally, and the marginal
artery of Drummond, which is the arcade along the
mesenteric border of the colon. Finally, collaterals exist
between the IMA and the internal iliac arteries via the su-
perior hemorrhoidal arteries.

Pathologic Conditions
Mesenteric Ischemia

Mesenteric ischemia may either be acute or chronic in
etiology. Chronic ischemia occurs when there is pro-
gressive atherosclerotic occlusive disease of all three
mesenteric arteries, and patients typically present with
weight loss and chronic abdominal angina (Fig. 6).

Fig.6. Chronic mesenteric ischemia. a Oblique and b coronal MIP
demonstrating occlusion of the celiac and superior mesenteric ar-
teries (arrows). A large inferior mesenteric artery supplies blood
flow to the gut via collateral pathways (arc of Riolan, white arrow)

Patients with acute mesenteric ischemia, in contrast, usu-
ally present with an acute abdomen and are not suitable
candidates for MR due to their altered metabolic and
septic status. Chronic mesenteric ischemia is most com-
monly caused by atherosclerosis with stenotic involve-
ment at the origin of the three mesenteric vessels. Acute
mesenteric ischemia is most often caused by emboliza-
tion, and therefore MRA or CTA may be used to detect
the presence of an acute thrombus within the mesenteric
artery. Additional causes of acute mesenteric occlusion
include aortic dissection with sudden occlusion of the
mesenteric vessels due to branch vessel involvement of
the flap and vasculitis.

A median arcuate ligament syndrome is an addition-
al, somewhat controversial syndrome, whereby there is
compression of the origin of the celiac axis due to the
median arcuate ligament, which connects the crura of the
diaphragm [14]. The angiographic diagnosis is classical-
ly seen as compression of the superior aspect of the
artery, and this finding is most often seen in young, thin
women. Some patients complain of abdominal pain,
weight loss, and nausea, however the relationship of the
celiac narrowing to these symptoms is somewhat con-
troversial. The apparent stenosis is often worse on expi-
ration abuse.

The finding is not infrequently seen on MRA exami-
nations of the abdomen. Repeat imaging during inspira-
tion and expiration may be useful to further characterize
whether the lesion is fixed or not. In addition, it is possi-
ble to measure blood flow velocity increases at the site of
the stenosis, although the role of these flow measure-
ments is currently unclear.
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Abdominal vascular imaging is moving away from
catheter angiography towards computed tomographic an-
giography (CTA), and to a lesser degree, magnetic reso-
nance angiography (MRA) or ultrasound. Ultrasound
used to be performed mainly in young patients and in
acute settings, but computed tomography (CT) is starting
to take over most of the work in patients with acute ab-
domen. MRA remains a good technique for follow-up of
stented aortic aneurysms and for the detection of renal
artery stenoses. Its ease and speed has led to CT becom-
ing the technique of choice for the vast majority of indi-
cations in abdominal vascular imaging.

Abdominal Aorta
Abdominal Aortic Aneurysms

Abdominal aortic aneurysms (AAA) become more com-
mon with severe atherosclerosis and old age. They are
mainly located in the infrarenal aorta, which makes them
amenable to endoluminal repair by stent graft placement.
Extensive disease, however, may involve most of the tho-
racoabdominal aorta. More frequently, AAAs extend dis-
tally into the iliac arteries. Most aneurysms are fusiform,
a minority are saccular. Rupture is the main cause of
death, although a substantial number of patients die from
other causes related to their atherosclerosis.

The most important information that imaging should
provide is listed in Table 1. In addition to spatial infor-
mation for treatment planning, it is important to detect
complications, such as (contained) rupture, perianeurys-
matic fibrosis, fistulation or compression of abdominal
structures. CTA and, to a lesser degree, gadolinium (Gd)-
enhanced MRA are the imaging procedures of choice for
the diagnosis of abdominal aortic aneurysms. If informa-
tion is needed about the spinal blood flow, the coronary
arteries, or cerebral or peripheral blood flow, catheter an-
giography may remain necessary. 64-slice CT has the
ability to provide this information in many cases, if nec-
essary in combination with electrocardiogram (ECG) gat-
ing. Longitudinal curved planar reformats (CPR), maxi-
mum intensity projections (MIP) or volume-rendered im-

Table 1. Checklist for AAA and suspected aortic rupture

AAA workup

Diameter

Signs of rupture (confined perforation is not uncommon)
Penetrating ulcer?

Inflammatory aneurysm (perianeurysmal fibrosis)
Length

Distance from the aneurysm to the origin of the renal arteries
(proximal neck?)

e Involvement or stenosis of splanchnic arteries

¢ Involvement of aortic bifurcation and iliac arteries

e Retroaortic left renal vein

Signs of perforation

e Stranding of para-aortic tissue
e Para-aortic hematoma

e Hyperattenuating ascites

ages are necessary for optimum evaluation (Fig. 1).
Volume rendering is able to simultaneously display calci-
fications, vessel lumen and thrombus, and is particularly
useful for surgical planning. CPR are most important for
measurements prior to stent graft placement. The in-
volvement of vessel origins in the aneurysm complicates
surgical treatment. It is therefore important to determine
the precise location of the abdominal side branches in re-
lation to an aneurysm of the abdominal aorta.

Mural thrombus is a frequent finding and causes under-
estimation of the size of an aneurysm on three dimen-
sional (3D) representations unless there is calcification of
the aneurysm wall. The thrombus itself may partially cal-
cify. Irregularities and ulceration of the mural thrombus
may indicate an increased risk of distal emboli, in partic-
ular during angiographic procedures.

Penetrating ulcers are a consequence of ulcerative aortic
plaques [1, 2]. They develop after destruction of the inti-
ma and may form saccular aneurysms with a high
propensity for acute hemorrhage or may progress to aor-
tic dissection (Fig. 1). A penetrating ulcer can be sus-
pected if the aneurysm has overhanging edges or a focal
dissection.
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Fig. 1. Maximum intensity projection (MIP) (a) and volume rendered
display (b) of a 64-detector-row CT angiography of a saccular in-
frarenal aortic aneurysms, probably caused by a penetrating ulcer.
Note the location of an acute extravasation (arrow), the retroperi-
toneal hematoma (arrowheads) and another penetrating ulcer in the
right common iliac artery (black arrow)

Inflammatory aneurysms are characterized by peri-
aneurysmal inflammatory tissue and fibrosis, similar to
retroperitoneal fibrosis [3]. No infectious organism is
found. Possible secondary effects are ureteral obstruction
or the involvement of intestinal loops. Characteristically,
three distinct layers surround the perfused lumen: mural

thrombus, aortic wall with calcifications, and peri-
aneurysmal soft tissue. The soft-tissue rim surrounding
the aorta shows contrast enhancement that increases on
late scans (> 90 s) after contrast injection.

Fistulation into adjacent organs is a rare but severe com-
plication. Aorto-enteric fistula may cause hyperattenuating
clots in the bowel lumen, as well as direct contrast ex-
travasation into the affected bowel segment, which is often
the horizontal portion of the duodenum. If there is mural
thrombus, fistulation may cause air bubbles in the wall.

Concomitant vascular disease is quite frequent. Con-
comitant aneurysms are found in the visceral and renal
arteries, and the iliac arteries. AAA are associated with
stenoses of various side branches. Therefore it is impor-
tant to evaluate the main branching vessels for the pres-
ence of stenoses or aneurysms. In patients with stenosis
of the superior mesenteric artery and collateralization via
the inferior mesenteric artery, left colonic ischemia may
develop as a complication of surgery, if no reimplantation
of this artery is performed. Involvement of the iliac ar-
teries (aneurysms, stenoses) is an important factor in de-
ciding whether to implant a tubular or Y-shaped prosthe-
sis. Accessory renal arteries are present in 25% of the
population. They may only be sacrificed during implan-
tation of stent grafts if they are small.

Aortic Rupture

The most important complication of aortic aneurysms is
rupture, which is defined as seepage of blood through
clefts in the aortic wall. The larger the diameter of the
aneurysm, the greater is the likelihood of eventual rup-
ture. In the abdomen, the life-time risk for rupture grows
from 10% in aneurysms smaller than 4 cm to 60% in
aneurysms larger than 10 cm. Elective surgical or endo-
luminal repair is usually indicated if the aneurysmal di-
ameter exceeds 5 cm in the descending and abdominal
aorta. Saccular aneurysms have a higher risk of rupture,
and there is no absolute size limit that governs the deci-
sion to intervene. Surgical mortality rises substantially in
patients with ruptured aneurysms.

CT is indicated for suspected aortic rupture, provided
the patient is not referred for immediate surgery based on
ultrasound findings. Non-contrast CT is no longer indicat-
ed. CTA is the present technique of choice. CTA is able to
define whether insertion of a bifurcated prosthesis or reim-
plantation of the renal arteries is required. Scan delay has
to be determined individually, because the circulation time
may be substantially prolonged (to beyond 60 s) in patients
with shock. The patient can be taken off the CT table as
soon as it is clear that contrast enhancement of CTA is suf-
ficient. To speed up evaluation, it may be advisable to re-
construct fewer images first with larger spacing to deter-
mine the major findings. Later an overlapping data set can
be reconstructed, from which 3D representations for fine-
tuning of the surgical procedure can be derived.
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Impending rupture may be indicated by freshly clotted
blood within the aortic wall or a mural thrombus.
Hyperdense portions within a pre-existing hypodense
mural thrombus on CT are an indicator of fresh thrombus
formation and thus recent growth of an aneurysm.
Furthermore, nose-like protrusions of perfused lumen in-
to a clotted region suggest a higher risk for rupture. Small
amounts of stranding around an aneurysm indicate minor
hemorrhage and can be the precursor to aortic rupture.

Contained rupture occurs mainly in the abdominal aorta
in a posterior-lateral location and is characterized by lo-
cal hemorrhage or acute pseudoaneurysm formation.
Sometimes interruption of a wall calcification may be de-
tected at the site of the pseudoaneurysm.

AAA commonly rupture into the retroperitoneum,
which contains the hemorrhage to a certain degree. If the
peritoneum itself ruptures, the blood may freely flow in-
to the peritoneal cavity, leading to a high risk of sudden
death. Rarely, an aneurysm can rupture into the gastroin-
testinal tract, causing massive gastrointestinal hemor-
rhage (aortoduodenal fistula), or into the inferior vena ca-
va, leading to rapid cardiac decompensation. Acute rup-
ture leads to stranding of the retroperitoneal fat sur-
rounding the aorta. Free intraperitoneal fluid is rare, but
its presence signals a very unstable situation in which the
rupture is no longer confined by the peritoneum. Acute
hemorrhage need not be hyperattenuating, but may be
isoattenuating relative to muscle because of a lack of
clotting or separation between blood cells and serum. It
may even be hypoattenuating if the hematocrit is low be-
cause of plasma expanders. Active bleeding is present if
contrast extravasation can be observed.

Dissection of the Abdominal Aorta

Isolated dissection of the abdominal aorta is rare and is
usually caused by a penetrating ulcer. Abdominal malper-
fusion as a consequence of a thoracic dissection of the
aorta is not uncommon. Compression or occlusion of ma-
jor aortic branches may lead to renal failure, mesenteric
ischemia, or acute claudication. The false channel has a
propensity to dilate and to compress the true lumen or the
orifice of a side branch vessel.

CTA has almost completely substituted for angiography
in the diagnosis and evaluation of abdominal complica-
tions in patients with suspected aortic dissection. MRA is
a good alternative in patients with chronic dissection, but
patient monitoring is problematic in the acute stage and
makes MRA not very convenient for this patient group.

Imaging is used to evaluate whether there is compres-
sion of the true or false channel, thrombosis of one chan-
nel, or stenosis of a side branch. The risk of malperfusion
becomes higher if there is no distal reentry but imbalance
between blood velocities, inflow and outflow from the
false channel, as well as compression of one channel or
obstruction of the branch vessel by intimal flaps can all
cause clinically relevant organ malperfusion. Some pat-

terns may look quite harmless because CT will display
opacification of all vascular beds that are perfused, despite
high-grade obstruction of the blood flow. Differences be-
tween left and right-sided enhancement of the kidneys or
markedly reduced organ perfusion may be readily appar-
ent on CT. Malperfusion of the bowel may occur with in-
volvement of one or more splanchnic arteries, especially
when combined with pre-existing stenoses.

The true lumen and false channel can be distinguished by
tracing the true lumen from the beginning of the dissec-
tion in the ascending aorta (type A), or following the con-
tinuity of the normal aorta (type B), but this requires a
combined for thoraco-abdominal evaluation, which is al-
ways suggested in an acute situation [4].

Aortic dissection at unusual locations should raise the
suspicion of a penetrating aortic ulcer as the etiology.
Initially, such dissections are localized, but can dissect in
an antegrade or retrograde fashion and involve large por-
tions of the aorta.

Aortic Stenosis and Aortic Occlusion

Aortic stenosis may occur in older patients as a conse-
quence of severe atherosclerosis. In young patients it is
caused by congenital hypoplasia or midaortic syndrome.
The latter has an unknown etiology but is probably relat-
ed to fibromuscular hyperplasia. In midaortic syndrome
it is common to find involvement of the renal arteries and
splanchnic vessels [5]. Extensive collateralization with a
hypertrophic artery of Riolan is present if the splanchnic
vessels are involved. The stenoses are most pronounced
in the proximal vessel segments. Inflammatory para-aor-
tic changes are not observed.

Leriche syndrome includes an acute occlusion of the aortic
bifurcation, usually caused by acute thrombosis at a pre-
existing site of atherosclerotic stenosis. An embolic patho-
genesis is less common. The terminal aortic occlusion in
acute Leriche syndrome is usually located just above the
bifurcation. In chronic cases the aorta becomes filled with
clot to the level of the renal arteries. Concomitant renal
artery stenosis has to be excluded. Thrombotic and embol-
ic occlusions can be distinguished by detecting an intralu-
minal embolus, which appears as a partially occlusive fill-
ing defect. Embolic occlusions are typically associated
with a milder grade of aortic sclerosis.

CTA and MRA provide excellent information about
the vascular lumen. In addition, CTA is able to detect
large calcified plaques or other wall changes in athero-
sclerotic stenosis. CTA can diagnose Leriche syndrome,
but only multislice scanning can exclude concomitant
renal artery stenosis and assess the peripheral arteries.
Gd-enhanced MRA requires modern equipment to as-
sess multiple levels from the aorta to the peripheral ar-
teries. Only under these conditions is MRA a diagnos-
tic alternative.
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Endovascular Aortic Repair

Endovascular aortic prostheses (stent grafts) are used for
minimally invasive treatment of abdominal aortic
aneurysms and penetrating aortic ulcers. CTA has an es-
sential role in the preinterventional planning and postin-
terventional follow-up of these procedures, but MRA is
assuming an increasingly important role for follow-up be-
cause superior for the detection of endoleaks (Table 2).
After successful endovascular repair, associated abnor-
malities affecting the aneurysm wall or periaortic fat tis-
sue (e.g., stranding in covered perforation) should disap-
pear. Even the periaortic reaction in inflammatory
aneurysms has been reported to decrease over time.

Fracture of stent material can best be appreciated on con-
ventional plain radiographs of the stent area, but MIP or
volume-rendered displays from multislice CT data may
also demonstrate such events. Stenoses of the stent lumen
may occur in aortoiliac grafts, especially at juncture sites
between the various components of the graft. Dissection
of the access vessel during graft placement is usually as-
sociated with excessive vascular tortuosity. Thrombosis
of the stent lumen is most frequently caused by mechan-
ical obstruction, either by the stent itself or by dislocated
coating material. In very large aneurysms, the stent graft
may migrate to the anterior portion of the aortic lumen,
especially when the distal anchoring site is not stable.
Such a migration may cause massive type I endoleaks
and has an increased risk of aneurysm rupture.

The diameter of the aneurysm (lumen including throm-
bus) is measured at follow-up, and serial measurements
should not show an increase in size. Successfully treated
aneurysms or dissections should thrombose completely
and shrink in size over a period of months to years. An

Table 2. Types of endoleaks after stent graft placement (from [6])

Type Description

Type 1 Attachment site leaks

1A proximal end of endograft

IB distal end of endograft

IC iliac occluder (plug)
Type 11 Branch leaks (without attachment site connection)

IIA  simple or to-and-fro (from one patent branch)

1B complex or flow-through (two or more patent branches)
Type 111 Graft defect

IITA  junctional leak or modular disconnect

IIIB  fabric disruption — midgraft hole: minor (< 2 mm) or

major (= 2 mm)

Type IV
Endotension increased intrasac pressure without visualized
endoleak at delayed CT

Graft wall porosity (within 30 days of placement)

Type A with no endoleak

Type B with sealed endoleak

Type C with type I or III endoleak
Type D with type Il endoleak

increase in size should prompt the search for an endoleak
[6], which may be treated interventionally. If no leak is
detected despite a growth over time (endotension), an oc-
cult leak must be suspected. Gd-enhanced MRA is more
sensitive to small amounts of contrast material in the
aneurysmal sac than CTA.

Aortitis / Arteritis

If there is clinical suspicion of aortitis, MRA 1is preferred
over CTA because patients are frequently younger. Both
techniques sensitively detect the wall changes even in the
initial stage of the disease.

Takayasu arteritis is a rare disorder that leads to progres-
sive occlusion of the thoracic and abdominal aortic branch
vessels. In the acute inflammatory stage, a granulomatous
infiltration of the vessel wall occurs that leads to nonspe-
cific signs of fever, weight loss, myalgia, and arthralgia.
In the later fibrotic stage, constriction of the vessel wall
with stenosis, occlusion (lack of pulse) or aneurysm for-
mation may occur. Type Il and III involve the abdomen:
type II in the descending and abdominal aorta and its side
branches, type III has also the aortic arch and supra-
aortic arteries [7]. In the acute stage, there is thickening
and enhancement of the vessel wall. The vessel wall takes
up contrast substantially, which can already be seen in the
arterial phase, but is more prominent in later phases
(which also allows for a better differentiation from ather-
osclerotic wall thickening). Inflammatory wall changes
may be detected even if the digital subtraction angiogra-
phy (DSA) is normal.

Granulomatous arteritis cannot be distinguished mor-
phologically from Takayasu arteritis, but it can be sus-
pected if the arteries involved are ones that are rarely af-
fected by Takayasu disease. It is commonly bilateral and
symmetric, and there is a lack of atherosclerotic changes
to account for the vascular narrowing.

Polyarteritis nodosa is characterized by small saccular
aneurysms of 1-5 mm size, which can sometimes be de-
tected by thin-section CTA but are best displayed on
DSA. Aneurysms can be found in the intrarenal or intra-
hepatic branches and the mesenteric side branches.
Additional luminal irregularities and stenoses of small ar-
teries are typical. In the kidneys, multiple cortical infarcts
may be present.

Abdominal Arteries

Anatomic Variants

Anatomic variants are incidental findings in examina-
tions of the abdomen. They assume importance when

they cause symptoms or have a bearing on planning of
surgery or interventional radiological procedures.
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Anatomic variants of the arterial supply to the liver are
found in up to 50% of patients [8]. They are typical inci-
dental findings in arterial phase CT examinations of the
abdomen but can also be picked up on MR. They become
diagnostically relevant for planning partial liver resection
or interventional radiological procedures. The following
signs suggest a variant:

e Branches of the celiac trunk arising separately from
the aorta.

e A vessel running posterior to the portal vein may be an
accessory right hepatic artery, a replaced right hepatic
artery, or a replaced proper hepatic artery. Accurate
identification requires tracing the vessel into the liver
and toward its origin.

e A vessel coursing between the caudate and left lobes
of the liver superior to the porta hepatis may be an ac-
cessory or replaced left hepatic artery arising directly
from the left gastric artery.

e An accessory right hepatic artery that arises from the
gastroduodenal artery presents as a second vessel just
below the right hepatic artery. Such vessels are easily
missed and require thin-section imaging. They are best
seen on thin-slab MIP (1-2 cm thickness) parallel to
the course of the proper hepatic artery.

Superior mesenteric artery syndrome is caused by com-
pression of the duodenum by the superior mesenteric
artery (SMA) in thin individuals [9]. The nutcracker syn-
drome is due to compression of the left renal vein and
may present as painless hematuria in slim patients.

Accessory renal arteries occur in up to 25% of individu-
als. Usually one vessel is dominant on either side.
However, multiple small vessels may be present, and ac-
cessory arteries may originate even above the SMA (ex-
ceedingly rare) or the iliac vessels (some 1% of cases).
Main renal arteries enter the kidney via the hilum, while
polar arteries enter the renal parenchyma directly. Such
variants are important for interventional radiological di-
latation of renal artery stenosis and for the work-up of
living renal donors [10]. The gonadal arteries usually
arise from the aorta just below the level of the kidneys
but may also rarely originate from the renal artery (more
common on the right). Early branching of a normal sized
artery or multiple or abnormal arteries or veins may make
harvesting a kidney from a living renal donor difficult.

Renal Artery Stenosis

Renal artery stenosis (RAS) is an uncommon cause of ar-
terial hypertension (approximately 5%). The commonest
cause of RAS is atherosclerotic disease (65-70%).
Angioplasty has been considered the treatment of choice
for these hypertensive patients, but newer longer-term
studies suggest that optimum medical treatment is equal-
ly effective [11]. There is also an ongoing discussion
about the positive effects of angioplasty or stenting on the
preservation of renal function in these patients. Thus, the

final role of noninvasive techniques (CTA, MRA, ultra-
sound) for diagnosis of renal artery stenosis will depend
on whether or not interventional therapy is considered.

The sensitivity and specificity of all imaging methods are
well above 90% for the detection of significant stenoses
if imaging is performed by experienced radiologists [12].
However, substantially lower numbers have been report-
ed as well.

Indirect signs can already be appreciated on standard
examinations. Differences in size (right kidney 2 cm
smaller than left kidney, or left kidney 1.5 cm smaller
than right kidney), cortical thickness (on corti-
comedullary phase images), level of enhancement, and
time to excretion between the two kidneys all suggest
unilateral significant renal artery stenosis.

Effective interpretation of CTA or MRA examinations is
based primarily on 3D views such as volume-rendered
displays (VRT) or curved thin-slab MIP. In order not to
miss eccentric plaques, anteroposterior (AP) views as
well as caudocranial views should be used. Whenever a
suspicious finding is encountered, it should be confirmed
by cross-sectional images. This can either be done by in-
teractive analysis of cross-sectional images, or by gener-
ating CPR through the vessel segment of interest.

Fibromuscular dysplasia is the next most common cause
of renal artery stenosis (25%). It affects younger patients
and is more prevalent in women (3:1). Angioplasty is
usually a very effective treatment. Fibromuscular dyspla-
sia may present as a unifocal stenosis in the middle and
distal third of the main renal artery, multifocal stenosis
with string-of-pearls appearance, or aneurysm formation.
The right renal artery is most commonly affected, but bi-
lateral disease is seen in up to two thirds of cases. It is
characteristic that the proximal third of the main renal
artery is spared (in over 95% of cases). Renal artery
branches are rarely affected without concomitant disease
in the extrarenal arteries. Such cases of isolated intrarenal
fibromuscular dysplasia are extremely hard to detect with
cross-sectional imaging techniques.

Celiac and Mesenteric Stenosis

Abdominal angina is a postprandial abdominal pain that
occurs some 15-20 minutes after food ingestion. It is con-
sidered to be due to gastric steal, which diverts blood from
the intestine. Patients have a food aversion, complain of
weight loss, and can develop malabsorption or bowel
strictures. This intermittent mesenteric ischemia is caused
by severe stenosis of splanchnic arteries without adequate
collateralization: combined severe stenoses of at least two
of the three vessels supplying the bowel (celiac, superior,
and inferior mesenteric artery) are present. More rarely,
successive proximal and peripheral stenoses may be found
in such patients. A lateral MIP or VRT (the width of the
volume of interest [VOI] covers only the aorta) is best for
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demonstrating proximal stenoses of the celiac trunk and
superior mesenteric artery. Coronal thin-slab MIP parallel
but anterior to the aorta provide the best anatomic
overview. Volume-rendered views are a good alternative to
demonstrate more peripheral stenoses as well as collater-
alization via the arc of Riolan [13]. Dilated collaterals dis-
play a typical pattern on axial sections.

Isolated stenosis of the celiac artery is a common inciden-
tal finding that is usually caused by a transverse ligament
spanning the left and right crus of the diaphragm, just be-
low the level of the thoracoabdominal junction. This steno-
sis is typically exacerbated by inspiration and causes no
symptoms. Association with an increased rate of pancre-
atitis or complications of the liver transplantation has been
discussed. Stenoses due to diaphragmatic trapping can be
diagnosed in a celiac trunk running straight downward
from its aortic origin with an elliptical distortion of the
normally round cross-section of the artery. The trunk dis-
plays a normal diameter in the AP projection but shows
marked narrowing on lateral projections.

Stenosis of the superior or inferior mesenteric artery are
also relatively frequent incidental findings in patients
with severe arteriosclerosis. They are asymptomatic un-
less adequate collateral supply can no longer be main-
tained between the superior and inferior mesenteric ar-
teries through the Riolan anastomosis or between the su-
perior mesenteric artery and celiac artery through gastro-
duodenal vessels.

Ultrasound is well suited for the detection of proximal
stenosis, but CTA and MRA are superior when it comes
to display of collateral pathways. CTA and MRA are ef-
fective imaging procedures prior to surgical revascular-
ization of patients with chronic mesenteric ischemia. For
CTA, however, is important to use a negative contrast
agent such as water for bowel distension.

Acute Mesenteric Ischemia

Acute mesenteric ischemia is responsible for 8% of cas-
es of acute abdomen. It is a life-threatening event with a
mortality that varies between 50 and 90%, depending on
comorbidity and age of patients. Prognosis depends on
the time of diagnosis, the extent of ischemia (mucosal
versus transmural), secondary damage due to infection
and pre-existent illnesses. Due to the unspecific symp-
toms in multimorbid patients, diagnosis is frequently de-
layed. Acute mesenteric ischemia can be caused by:

e An arterial occlusion (60-70%)

e Nonocclusive mesenteric insufficiency (NOMI, 20-

30%) or
e A venous occlusion (5-10%).

Acute mesenteric ischemia remains a diagnostic chal-
lenge because of a large list of potential etiologies.
Mesenteric angiography used to be the first-line tech-
nique for demonstrating suspected acute mesenteric is-
chemia, but the increased spatial resolution and its abili-

ty to detect alternative diagnoses has made multislice
CTA the current technique of choice [14, 15].

The most frequent direct imaging sign is a perfusion
defect, most frequently approximately 3-10 cm distal
from the origin of the SMA (due to acute embolism).
Next frequent is an acute thrombotic occlusion, usually
on the basis of an atherosclerotic plaque. Proximal oc-
clusions can be more easily compensated via collateral
perfusion than distal occlusions that are closer to the
bowel wall. Imaging shows the site of obstruction and
any residual perfusion distal to the obstructing lesion.
One should search for signs that might indicate the etiol-
ogy, such as embolic disease, thrombosis of a stenosed
vessel segment in atherosclerosis, aortic dissection, vas-
culitis, direct trauma, intravascular coagulation, hypoper-
fusion due to shock, hypovolemia, or endotoxins.

Associated findings include thickened bowel wall due to
edema, reduced bowel opacification as compared to oth-
er segments, and gas within the bowel wall (pneumato-
sis) or in the mesenteric or portal veins indicating in-
farction. Ascites may be present in the region of the af-
fected bowel. Focal or diffuse bowel dilation is a non-
specific sign.

NOMI can be the consequence of hypovolemic shock,
protracted bradycardia, sepsis, heart failure or digitalis
intoxication. In these cases, the mesenteric vessels are ex-
ceedingly thin without apparent occlusion or focal steno-
sis, although secondary signs of ischemia are present.
Distension ischemia is a form of NOMI: it occurs in a
prestenotically dilated colon if the intraluminal pressure
exceeds 50 mm Hg, thus causing a nonocclusive critical
reduction of colonic microcirculation.

Acute mesenteric thrombosis can be caused by portal
hypertension, acute inflammatory processes (e.g., diver-
ticulitis, appendicitis), tumor compression, trauma,
surgery (especially in young individuals), or by a parane-
oplastic syndrome or as the consequence of coagu-
lopathies. Strangulation of the mesenteric vessels by
volvulus and various other conditions also has to be con-
sidered. The superior mesenteric vein is most commonly
affected, hampering the venous drainage of the small
bowel and right-sided colon. Massive bowel edema and
hyperemia are the most frequent secondary signs. Local
hemorrhage into the bowel wall is possible. Prognosis is
generally better than that of arterial ischemia.

Arterial Bleeding

Arterial injury leads to substantial bleeding at the site of
injury, with large hematoma formation that can extend in-
to accompanying structures. Complete transection or the
presence of an intimal flap may lead to occlusion of the
affected vessel. Long-term sequelae are pseudoaneurysm
formation or arteriovenous shunts in cases with simulta-
neous trauma to arteries and veins. The latter is particu-
larly frequent after cardio-angiographic procedures at the
site of arterial and venous access in the groin.



194

M. Prokop

Cross-sectional imaging allows for demonstration of
the hematoma, accompanying injuries to the skeletal
system or to internal organs, as well as the site of active
bleeding. In patients with a continuing blood loss, how-
ever, angiography with subsequent embolization of the
affected artery will be a better choice. CTA is the tech-
nique of choice because it is both sensitive and fast.
CTA may be helpful in the detection of occult gastroin-
testinal hemorrhage as well [16], but MRA with blood-
pool agents is a good alternative in patients with occult
bleeding.

As opposed to venous bleeding, the hematoma in arte-
rial bleeding is usually extensive and often has a convex
outer contour. The site of active bleeding should be
searched for in the region of the hematoma. A small spot
of brightly enhanced blood outside the vessel lumen is in-
dicative of the site of bleeding. The size of the paravasa-
tion indicates the amount of active bleeding. This spot
will enlarge if a second scan is added in a venous phase.
Such venous phase images are especially helpful to rule
out injuries to abdominal organs in patients with blunt ab-
dominal trauma.
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Nonvascular Interventions

Percutaneous biopsies and drainages of abdominal fluid
collections are standard procedures that are mainly per-
formed under ultrasound (US) and computed tomography
(CT) guidance.

Abdominal Biopsy and Drainage

Organ biopsy is usually performed for lesions of the pan-
creas, liver and kidney, as well as retroperitoneal masses.
Less common indications are lesions of the spleen, which
are prone to bleeding complications.

Both fine needle aspiration as for cytology, as well as
miniaturized cutting needles for histology, not exceed-
ing 18-20G, can be used for abdominal biopsies.
However, automated biopsy guns are preferred because
they offer an excellent sampling quality and the possi-
bility to perform repeated biopsies with a single access.
Fine needle aspiration is recommended in order to avoid
major bleeding complications if an object for biopsy is
located close to central and vascular structures. Fine
needle aspiration biopsy (Fig. 1) allows bowel structures
to be transversed in order to reach the lesion of interest,
whereas this must be avoided when performing cutting
needle biopsy. A frontal approach to lesions deep in the
abdomen is usually performed using fine needle aspira-
tion.

Obviously, access for drainage needs to avoid making
both a pathway through the pleural space, as well as tra-
versing through bowel structures.

Depending on their location, abscesses (Fig. 2) within
organs or in the peritoneal or retroperitoneal cavity are
approached by a trocar technique for a well exposed lo-
cation, while a difficult approach requires an over-the-
wire placement of drainage catheters. It is important to
place sufficiently large bore drainage catheters (12-16F)
to evacuate highly viscous fluid collections. The drain
should be left in place until the abscess cavity has col-
lapsed completely and less than 20 cc of fluid is collect-
ed per day.

U
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Fig. 1. Biopsy of
a pancreatic le-
sion. a 42-year-
old female pa-
tient after subto-
tal  pancreato-
duodenectomy
for pancreatic
cancer and re-
current  symp-
toms showing a
mass in the
retroperitoneal
space. b A us-
able  position
was chosen and
a grid was plac-
ed to plan and
mark the poten-
tial pathway for
biopsy. ¢ A 22 G
needle was ad-
vanced into the
lesion and an as-
piration biopsy
was performed.
Cytologic exam-
ination proved
recurrent  pan-
creatic cancer
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Tumor Ablation

Many tumor ablation techniques are currently per-
formed in liver lesions using lasers, radiofrequency ab-
lation (RFA) and ethanol. They are applied to primary
hepatic malignancies and metastatic disease. In patients
with hepatocellular carcinoma (HCC), percutaneous ab-
lation is considered the best treatment option when sur-
gical resection or liver transplantation is not suitable for
patients with Child-Pugh class A or B; cirrhosis; a sin-
gle, nodular-type HCC smaller than 5 cm; or as many
as three HCC lesions, each smaller than 3 cm. Recent
studies have shown that RFA can achieve more effective
local tumor control than ethanol injection and with few-
er treatment sessions. In a randomized trial, local re-
currence-free survival rates were significantly higher in
patients who received RFA than in those treated by
ethanol injection (one, two, and three year survival rates
were 93%, 81%, and 74% in the RFTA group, 88%,
66%, and 51% in the PEI group; one- and two-year lo-
cal recurrence-free survival rates were 98% and 96% in
the RF group and 83% and 62% in the PEI group, re-
spectively [univariate p =.002]). In a univariate analy-
sis, tumor-dependent factors with significantly less lo-
cal recurrences were smaller size, neuroendocrine
metastases, nonsubcapsular location, and location away
from large vessels. Treatment allocation was confirmed
as an independent prognostic factor by multivariate
analysis. In the multivariate analysis, significantly less
local recurrences were observed for small size (p <

4

Fig. 2. Abscess drainage in 65-year-old pa-
tient with diverticulitis. a Massive swelling of
the sigmoid due to inflammation and diver-
ticula. b A nonseptated collection close to the
sigmoid is seen. ¢ After needle puncture of
the collection that proved abscess formation,
a guidewire was inserted into the abscess.
d In an over-the-wire technique, a 12 F drain-
ing catheter was inserted into the abscess. e
After evacuation of pus and debris, the col-
lection was refilled by diluted contrast medi-
um to test the stability of the cavity and to ex-
clude extravasation

0.001) tumors. Preliminary reports have shown that
RFA performed after balloon catheter occlusion of the
hepatic artery, transarterial embolization, or chemoem-
bolization results in increased volumes of coagulation
necrosis, thus enabling successful destruction of large
HCC lesions. However, for the time being, laser and ra-
diofrequency therapy can be used to treat only lesions
with a maximum diameter of 5 cm. However, these
techniques are developing rapidly. There is little expe-
rience in ablation of renal tumors. Ablation of renal cell
carcinoma has been performed either in patients with a
single kidney or with serious contraindications to
surgery. Percutaneous ablation needs to be balanced
against other minimally invasive techniques such as la-
paroscopic kidney removal or partial nephrectomy.

Both in renal and hepatic tumor ablation, some pa-
tients, especially those with hypervascularized tumors,
may profit from a combined approach with both ablation
and transarterial embolization.

Biliary Interventions

As an alternative to endoscopic procedures, percutaneous
drainage and stenting of biliary ducts can be performed.
The indication is obstructive jaundice due to bile duct tu-
mors, metastatic disease to lymph nodes in the hepato-
duodenal ligament or pancreatic tumors. In Klatzkin type
tumors at the hepatic duct bifurcation, drainage and stent-
ing of both lobes of the liver is required (Fig. 3). Self-ex-
panding metal stents have proven in randomized trials to
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show longer patency rates than plastic tubes. Drainage of
the gallbladder is rarely performed, but sometimes help-
ful in multimorbid patients.

Gastrointestinal and Colonic Stent Placement

As a palliative approach or a temporary solution in pa-
tients with obstructing tumors of the duodenum or the
colon, metallic stents are placed as an alternative to sur-
gical decompression.

Percutaneous Gastrostomy/lleostomy

Several kits exist that enable radiologists to perform gas-
trostomy and ileostomy using a percutaneous approach.
Indications are in patients with long-term swallowing dis-
orders due to tumors or neurological deficiencies.

Newer Procedures

As a palliative approach to treat ascites, either percuta-
neous creation of a Denver shunt or percutaneous port-
catheter placement — to allow repeat and ease paracente-
sis have been described.

Fig. 3. Biliary obstruction
due to metastases of pan-
creatic carcinoma. a CT of
pancreatic carcinoma be-
fore surgery. b CT one
year after surgery (tumor
resection) demonstrating
obstructed common hepat-
ic duct due to tumor recur-
rence at the liver hilum. ¢
PTCD showing obstruc-
tion of the bilioenteric
anastomosis. d Bilateral
stenting of the obstructed
hepatojejunostomy

Vascular Interventions

Acute Arterial Occlusion

If acute occlusion of the abdominal aorta or branch ves-
sels occurs, two causes have to be considered:

o Embolization

e Dissection.

Embolization

Embolization is most common in elderly patients with
atrial fibrilation, a history of myocardial infarction and
aortic aneurysm. Embolization from the heart or thoracic
aorta may cause acute subtotal or total occlusion of the
celiac, superior mesenteric (SMA), inferior mesenteric
artery (IMA) or the renal arteries. The most common
causes of embolization are:

Atrial fibrillation

Thoracic aortic aneurysm

Myocardial infarction with mural thrombus formation
Advanced aortic arteriosclerosis

Perforating arteriosclerotic ulcer

Hypercoagulability syndrome.
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The symptoms of acute ischemia are dependent on the
involved vascular territory. Embolization to the liver or
spleen may cause acute right or left upper abdominal
pain. Acute mesenteric ischemia typically causes severe
abdominal pain and bowel paralysis. Embolization to the
kidney causes flank pain, hematuria and hypertension. In
any case, severe elevation of lactose dehydrogenase
(LDH) points to the ischemic nature of the acute pain. In
case of complete ischemia without a sufficient collateral
circulation, the warm ischemic time tolerated by the ab-
dominal organs is less than six hours. Therefore, acute di-
agnosis and therapy are mandatory.

The primary diagnosis is performed by CT with con-
trast enhancement (CM 300 mgJ/ml; 4 ml/sec; total bo-
lus volume 80-120 ml; bolus care technique with 20-40
second delay; 2 mm collimation; pitch 2; reconstruction
interval 1 mm). The obstructing embolus and the is-
chemic territory can be visualized in the arterial phase. In
the delayed phase, a residual perfusion through collateral
arteries may be demonstrated.

Interventional treatment with a thrombectomy device
and/or local intra-arterial fibrinolysis with recombinant
tissue plasminogen activator (rt-PA) (10 mg loading dose,
5 mg/hr infusion dose) or urokinase (250 000 IU loading
dose, 100 000 IU/hr infusion dose) together with a G
IIb/Ila antagonist (Aciximab: 0.25 mg/kg loading dose,
0.125 mg/kg/hr infusion dose) is one option. The other
option is surgery, which may be faster and also enables
inspection and, if necessary, resection of ischemic organs.

Dissection

Dissection is most common if there is a history of trau-
ma, chronic severe hypertension, or a connective tissue
disease such as Marfan syndrome or Ehlers-Danlos syn-
drome. Acute type A and B aortic dissection may cause
dynamic compression of the original lumen of the aorta
by the pressurized false lumen. This can cause acute is-
chemia of liver/spleen, bowel and kidneys. The dissection
plane may also run into one of the organ arteries causing
obstruction of the true lumen. There are a number of in-
terventional treatment options. In case of a dynamic com-
pression of the true aortic lumen, occlusion of the proxi-
mal entry into the false lumen with an aortic stentgraft
will cause decompression of the false lumen and results
in reopening of the true lumen of the aorta and the side
branches. In case of a static compression due to a side-
branch dissection, stent placement in the true lumen of
the organ artery will cause reconstitution of organ perfu-
sion. In case of organ perfusion through the false lumen,
balloon fenestration of the intimal flap will re-establish
flow into the malperfused territory.

Chronic Arterial Occlusive Disease
In young patients, causes of chronic arterial occlusion in-

clude:
e Fibromuscular disease (FMD)

e Takayasu arteritis
e Recklinghausen neurofibromatosis.

The primary cause of chronic arterial occlusive disease
in elderly patients is arteriosclerosis.

Mesenteric Artery Stenosis

Between the three large mesenteric arteries (celiac artery,

SMA, IMA), there are many collateral pathways, includ-

ing:

e Pancreatico-duodenal arteries

e Arc of Buehler between celiac artery and SMA

e Arc of Riolan

e Marginal artery Drummond between SMA and IMA.
Therefore, an obstruction of at least two mesenteric ar-

teries is necessary to cause ischemic symptoms. The typ-

ical clinical symptom is the angina abdominalis with:

e Abdominal pain (94% of cases)

Post prandial cramps (86%)

Weight loss (74%)

Abdominal bruit (70%)

Diarrhea.

The primary diagnosis is made by aortic arteriography

in a lateral projection by either intra-arterial catheter an-

giography, CT angiography, or MR angiography.
Interventional treatment is percutaneous transluminal

angioplasty (PTA) with or without secondary stent place-

ment of at least one of the obstructed arteries (Fig. 4).

Celiac Trunk Stenosis

Chronic obstruction may remain asymptomatic because
of the collateral pathways through gastroduodenal and
pancreatic arteries from the superior mesenteric artery.
Causes are arteriosclerotic plaque, compression by the ar-
cuate ligament or carcinoma of the pancreas.

Superior Mesenteric Artery Stenosis

Post prandial abdominal pain, called ‘angina abdomi-
nalis’ occurs only if two or all three gastrointestinal ar-
teries are obstructed. Causes for SMA obstruction are ar-
teriosclerosis, fibromuscular disease (FMD), Takayasu
arteritis, pancreatic carcinoma or chronic pancreatitis.

Inferior Mesenteric Artery Stenosis

Obstruction of the IMA is most commonly observed in
patients with advanced atheromatosis or partially
thrombosed abdominal aortic aneurysm. Due to the col-
lateral circulation through the arc of Riolan and the
marginal artery, IMA obstruction normally remains
asymptomatic.

Renal Artery Stenosis

Renal artery stenosis (RAS) may cause hypertension
and/or renal insufficiency. Acute onset of the clinical
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Fig.4. Balloon angioplasty and stenting in a patient with mesenteric angina. A 77-year-old f
female patient with recurrent and constant pain after eating. a Aortic angiography shows ‘ (

absence of superior mesenteric artery and small inferior mesenteric with a not well-

developed Riolan’s arch. The celiac artery, however, is present. b Selective angiography shows tight stenosis of the common hepatic artery.
¢ After stent placement patency was restored. The symptoms disappeared the next day

symptoms and repeated flash pulmonary edema are sug-
gestive for a renal artery stenosis. The etiology can be:
e Arteriosclerosis in 65-75% of cases

— patients > 50 years

— male > female

— proximal 2 cm of renal artery

— atherosclerotic changes of aorta

— bilateral in 30%

e FMD in 20-30% of cases

— patients of 15-30 years

— female : male ratio 5 : 1

— middle to distal renal artery including branches

— bilateral involvement in 50-70%

— ‘string of beads’ appearance, aneurysms, dissections
— no aortic disease

Takayasu arteritis

Mid aortic syndrome

Morbus Recklinghausen

Post radiation therapy.

The correct algorithm for the diagnosis of a renal
artery stenosis is not established.

Color duplex ultrasound is a noninvasive test but is a
complex examination and requires an experienced opera-
tor. An increased peak systolic velocity of more than 200
cm/s, a renal-to-aortic ratio of peak systolic velocity of
more than 3.5, an intrastenotic turbulence and a flattened
pulse wave in the periphery (pulsus tardus) are diagnos-
tic criteria for a renal artery stenosis. The sensitivity of
color duplex sonography for detection of RAS of more
than 70% is 72-92%. Color duplex US with an an-
giotensin-converting enzyme (ACE) inhibitor provides a
positive predictive value of 67-95% for cure or improve-
ment after revascularization.

A nuclear scan (renal scintigraphy with technetium-
99m mercaptoacetyltriglycine (MAG3) or Tc-99m dieth-

ylenetriaminepentaacetic acid [DTPA]) with an ACE in-
hibitor (captopril 25 mg) shows a delayed wash-out of the
tracer within the post stenotic kidney. However, in bilat-
eral disease and in chronic ischemic nephropathy, the lat-
eralization of the tracer is less evident. In a selected pop-
ulation with a clinical high risk for RAS, the sensitivity
for detection of a unilateral RAS of more than 70% is 51-
96% (mean 82%). Its positive predictive value for a RAS
with improvement of hypertension after revascularization
is 51-100% (mean 85%). However, scintigraphy is much
less sensitive in patients who are unselected, or have bi-
lateral disease, impaired renal function, urinary obstruc-
tion or chronic ACE inhibitor intake.

Newer tests are gadolinium-enhanced magnetic reso-
nance angiography (MRA) and spiral CT angiography
(CTA). For a state-of-art MRA, high field-strength sys-
tems with high performance gradients are necessary for
breath-hold 3D spoiled gradient-echo imaging with short
repetition time (TR) and echo time (TE). Intravenous ad-
ministration of gadolinium contrast material in a double
dose (0.2 mmol/kg; 2 ml/sec flow rate), a central k-space
readout and background subtraction are additional tech-
niques to improve signal-to-noise ratio and spatial reso-
lution. The sensitivity to detect a RAS of more than 50%
is more than 95% with MRA. The main limitations of re-
nal MRA are evaluation of small, accessory renal arter-
ies and branch vessels, the presence of stents and a ten-
dency to overestimate moderate stenoses.

CTA of the renal arteries has a sensitivity of more
than 95% to detect RAS and accessory renal arteries.
For a high quality opacification of the renal arteries and
to avoid renal vein overlap, a correct bolus planning is
mandatory (density measurement during bolus rise,
flow 4 ml/s, total volume 80-120 ml — multidetector
scanners need less contrast). A short breath-hold acqui-



200

J. Lammer, D. Vorwerk

sition, collimation (1-2 mm), pitch (1.5-6, depending on
single or multidetector technology) and overlap of re-
construction (0.5-0.75) are important parameters for the
spatial resolution of the study. Curved planar recon-
struction (CPR, most useful for stents), volume render-
ing and maximum intensity projection (MIP) are used
for 3D imaging (Fig. 5).

Intra-arterial catheter arteriography together with pres-
sure gradient measurement is still the ‘gold standard’ for
evaluation of a RAS.

The revascularization technique of choice is renal PTA
without or with stent placement (Fig. 5). Aorto-renal by-
pass surgery is indicated only if PTA fails. In a recently
published meta-analysis, renal arterial stent placement
proved to be technical superior and clinically comparable
to renal PTA alone. The technical success rate of stent
versus PTA was 98% versus 77% and the restenosis rate
was 17% and 26%, respectively (p < 0.001). In hyperten-
sion the cure rate of PTA stent versus was 10% versus
20%, the rate of improvement was 53% and 49%, re-
spectively. In renal insufficiency, the rate of improvement

was 38% versus 30%, of stabilization 41% and 38%, re-
spectively. The complication rate was 11-13% (95% CI 6-
19%), the in-hospital mortality rate, 1%. In a randomized
study comparing stents to PTA in ostial stenoses, the
technical success rate was 88% versus 57% and the six
month primary patency rate was 75% versus 29%, re-
spectively. Two randomized trials comparing the effect of
PTA and drug therapy on renal hypertension did not re-
veal a significant benefit of PTA over continuous drug
therapy. However, in the Dutch study, PTA patients re-
quired only 2.1 versus 3.2 daily drug doses (p < 0.001)
and 22/53 patients in the drug group had to be switched
to the PTA group because of persistent hypertension or
deterioration of renal function.

Aneurysms
Abdominal Aortic Aneurysm (AAA)

The incidence of AAA in European adults 60 years and
older is 2.5%. Up to 10% of patients with symptomatic

Fig.5. Patient with abdominal aortic aneurysm and renal artery stenosis. a CTA with MIP reconstruction. b Aortography before stentgraft
placement. ¢ After stentgraft implantation. d Renal artery stenting after stentgraft implantation. e After renal stenting. f Control CTA after
renal artery stent and AAA stentgraft
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peripheral arterial disease (PAD) die from rupture of
aneurysm disease.

Currently, the standard treatment is open surgery.
However, endovascular implantation of stentgrafts is a
new, emerging technique which may replace open
surgery in the future. Since the first clinical implant of a
tube stentgraft in 1990, many different stentgraft designs
have been developed and tested in feasibility studies.
Most recently, randomized studies (EVAR 1 Trial, Dream
Trial) compared the results of open versus endovascular
repair. In the EVAR Trial the 30 day mortality in the
EVAR group was 1.7% (9/531) versus 4.7% (24/516) in
the open repair group (p = 0.009). Four years after ran-
domization, all-cause mortality was similar in the two
groups (about 28%; p = 0.46), although there was a per-
sistent reduction in aneurysm-related deaths in the EVAR
group (4% versus 7%; p = 0.04).

Indications

The indications for endovascular treatment of AAA are
currently the same as for open surgery:
e Diameter of the aneurysm > 5 cm (Fig. 5)
e Documented growth > 0.5 mm/year
e Symptomatic aneurysm (i.e., embolization, pain,

ureteral compression)
e Rupture.

Specific clinical indications for the endovascular ap-
proach may be:
e Patients > 75-years-old
ASA 3 and 4
Hostile abdomen
Inflammatory aneurysm, horse-shoe kidney.
The anatomic indications for stentgraft treatment are:
Infrarenal neck > 15 mm in length
Infrarenal neck without thrombus or severe calcification
Angulation of the infrarenal neck < 65°
Patent celiac trunk and SMA
Stent graft diameter 10% more than neck diameter
Iliac artery angulation < 90°
Iliac artery without thrombus or severe calcification
More than 15 mm overlap within the iliac arteries.
Endovascular implantation of stentgrafts can be per-
formed under general, epidural or local anesthesia. The
use of epidural anesthesia is a major advantage in elder-
ly and high-risk patients.

Stentgraft Designs

Stentgrafts have a self-expandable stent structure covered
by an ultrathin polyester or ePTFE fabric. Currently, only
bifurcated stentgrafts are used for the treatment of AAA.

Imaging Before Stentgraft Implantation
Contrast-enhanced spiral CT with multiplanar recon-

struction (MPR) or MIP reconstruction is the most im-
portant examination before stentgraft implantation (Fig.

5). The diameter of the landing zones (infrarenal neck, il-
iac arteries), the maximum diameter of the aneurysm,
thrombus, and calcifications can be well depicted by CT.

Complications

The most common complication of stentgraft implanta-
tion is incomplete exclusion of the aneurysm with re-
maining pressurization of the aneurysm sack through an
endoleak. White and May proposed a classification of pri-
mary (< 30 days) and secondary (> 30 days) endoleaks:

e Type 1: direct perfusion through the proximal (in-
frarenal) or distal (iliac) anastomosis

e Type 2: retrograde perfusion through branch vessels
(lumbar arteries, IMA, accessory renal artery)

e Type 3: midgraft leak due to disintegration of the stent-
graft (disconnection of the second iliac limb, fabric
erosion)

e Type 4: fabric porosity

e Type 5: endotension.

Results

The largest database currently available is the Eurostar
registry, which has more than 7000 patients. At comple-
tion angiography, endoleaks were demonstrated in 15.8%
of patients. Type 1 endoleaks were observed in 4.1%,
type 2 reperfusion endoleaks were observed in 9.8% and
type 3 leaks in 1.9% of patients. Technically successful
stentgraft placement was achieved in 99% of patients.
Conversion to open surgery was required in 0.7%. The in-
hospital mortality rate was 2.6%.

Life-table analysis revealed a survival rate of 92%,
84%, and 77% at 1, 3, and 5 years, respectively. The free-
dom from persistent endoleaks was 84%, 75%, and 69%
at 1, 3, and 5 years, respectively. However, type 2 en-
doleaks turned out to be rather benign, not causing rup-
ture in the vast majority of cases. 98% of the patients
were free from aneurysm rupture at 5 years.

Visceral Artery Aneurysm

Aneurysms of the celiac trunk, splenic artery, hepatic
artery, gastroduodenal artery and superior mesenteric
artery are caused by arteriosclerosis, arteritis, periarterial
inflammation such as pancreatitis, trauma and soft tissue
diseases such as Marfan and Ehlers-Danlos syndrome.
An aneurysm more than 2.5 cm in diameter should be
considered to prevent rupture. Meticulous imaging, in-
cluding selective catheter angiography and 3D imaging
with CTA or MRA is necessary before surgery or en-
dovascular treatment. The endovascular options are em-
bolization and exclusion with a stentgraft.

Renal Artery Aneurysm

The causes of renal artery aneurysm are arteriosclerosis,
systemic vasculitis such as polyarteritis nodosa or lupus
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erythematosus, FMD, soft tissue disorders and trauma.
Arteriosclerotic and large aneurysms are usually calcified.
Potential rupture and chronic embolization are the indica-
tions for treatment. Bypass surgery, coil embolization and
stentgraft implantation are the therapeutic options.

Tumor Embolization

Tumor embolization techniques vary from palliative em-
bolization in bleeding genitoureteral tumors, chemoem-
bolization techniques in hypervascularized hepatic neo-
plasms (in particular HCC), to definite treatment of be-
nign lesions such as uterine fibroids. In the liver, tumor
embolization is mainly used for inoperable HCC with
still acceptable liver function (Child-Pugh A and B). The
classical treatment is chemoembolization with doxoru-
bicine mixed with lipiodol sometimes in combination
with a temporary blockade of the hepatic artery by
Gelfoam or other embolization particles. In randomized
trials, chemoembolization of unresectable HCC has
shown to be superior to supportive treatment only. New
techniques include doxorubicine-loaded particles as an
alternative embolization agent for HCC, chemoperfusion
with different cytotoxic agents for metastatic disease and
intrahepatic radiation by radioactive particles directly in-
jected into the hepatic arteries.

Treatment for Bleeding Complications

Bleeding in the abdomen may occur due to iatrogenic
causes, particularly in the kidneys and the liver after per-
cutaneous interventions, trauma and tumor.

Frequent and typical locations are renal arteriovenous
fistulas due to nephrostomy (Fig. 6) or biopsy, laceration

of the hepatic arteries by percutaneous manipulations,
psoas and pelvic bleeding due to traumatic arterial injury
and also post partum. Temporary occlusion of the uterine
artery can then be a valid alternative to emergency hys-
terectomy in patients with intractable bleeding due to an
atonic uterus.

In other locations, type, source and location of the
bleeding determine the method that is used to safely in-
terrupt extravasations.

Venous Interventions
Transjugular Intrahepatic Portocaval Shunt (TIPS)

TIPS was introduced into clinical medicine at the end of
the eighties. In the meantime, a standardized technique
has become available that allows safe application of this
artificial connection. The introduction of stentgrafts in-
stead of bare stents led to an improved patency of the
shunt tract. Stentgrafts are indicated in acute and chron-
ic bleeders, in patients with liver cirrhosis and
esophageal varices, and patients with intractable ascites.
Its risks are liver failure from shunted blood volume,
and encephalopathy. Endoscopic techniques to treat
varices are competitive techniques in bleeders, but in
some patients with ascites there are few alternatives. In
patients with acute or subacute Budd-Chiari syndrome,
TIPS can be a life-saving procedure and help to over-
come the acute phase, but is burdened by a relatively
high rethrombosis rate.

Tract reobstruction requires a number of different
techniques for debulking the stenosed or thrombosed
stents, including mechanical thrombectomy, atherectomy,
PTA, re-stenting or stent graft implantation.

Fig.6. Tatrogenic perirenal bleeding after percutaneous nephrostomy. a Selective left renal an-
giography in a 73-year-old male who suffered from massive bleeding from a nephrostomy
catheter that was placed the same day. Angiographically, laceration of the lower pole artery
is seen at a relatively central location. b Superselective angiography of the segmental artery
clearly shows the bleeding site. ¢ After combination of coil placement and glue embolization, the leakage stopped. Due to the central posi-
tion, a part of the kidney had to be sacrificed
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Interventions in the Portal and Mesenteric Veins

Besides TIPS application, a transjugular approach can be
used for transjugular liver biopsy in patients with ascites
or bleeding disorders, or as an entrance to the portal sys-
tem, for example, to treat segmental hypertension due to
stenoses that are located proximally to the portal vein,
such as the mesenteric or splenic vein. Also recanaliza-
tion of thrombotic portal occlusions may be treated via
the transjugular approach to create a conduit that allows
outflow from the recanalized vein.

The portal vein may also be accessed in a transhepat-
ic fashion for selective blood sampling or venous re-
canalization. An intervention of increasing importance is
preoperative embolization of the right portal vein in or-
der to induce hypertrophy of the left hepatic lobe prior to
extended right hemihepatectomy.
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Thanks to improving technology and experience, sono-
graphic surveying of fetal development is now more ac-
curate and precise. Further, more anomalies are detected,
allowing the adaptation of postnatal management, if nec-
essary.

Another striking evolution in perinatal imaging has
been the increased use of fetal magnetic resonance (MR)
imaging for the assessment of various fetal abdominal
diseases. Faster sequences and better understanding of
the normal appearances of the fetal abdomen on MR
imaging have greatly facilitated its use [1-8].

Normal Sonographic Anatomy

In each trimester of the pregnancy, specific landmarks of
normal fetal anatomy should be verified by obstetric ul-
trasound (US) [1, 2].

During the First Trimester

The stomach appears as a cystic structure in the left
hypochondrium. It should be constantly visible at around
11-12 weeks.

The small bowel herniates physiologically through the
umbilical cord at around 8-9 weeks. The herniation
should have resolved by 11-12 weeks.

The rest of the digestive tract is not visible at this
stage.

The bladder is the other cystic structure that should be
visible during the first trimester. It is located medially in
the fetal pelvis and is visible around 8-9 weeks.

The kidneys are visible around the end of the first
trimester and appear as hyperechoic bean-shaped struc-
tures in each perilumbar area.

At this stage, the amniotic fluid is produced by the pla-
centa and does not reflect the renal function.

During the Second Trimester
The stomach is globally unchanged. The small bowel gets

progressively filled with meconium. It will be visible as
small parallel tubular echogenic structures, mainly in the

left flank. The colon is not visible until the end of the sec-
ond trimester.

The bladder should always be visible during the mid
trimester examination. It should show normal cycles of
filling and emptying (during a single examination).

The kidneys now appear more obvious, since their
global echogenicity decreases and since cortico-
medullary differentiation begins (and should be constant-
ly present by 17-18 weeks).

The rest of the abdomen is ‘filled” with the liver and
the spleen, both appearing as homogenous triangular
structures. The adrenals are triangular hypoechoic mass-
es located on the top of the kidney. The pancreas and the
abdominal vessels complete the evaluation of the fetal
abdomen.

During the Third Trimester

The esophagus is visible when distended by amniotic fluid.

The stomach shows obvious peristaltic waves. It may
be filled with echogenic material (gastric pseudomass)
corresponding to swallowed debris.

The small bowel is now filled with swallowed amniot-
ic fluid and appears as small cystic structures of variable
sizes due to normal peristalsis.

The colon is progressively visible as it fills with hy-
poechoic meconium and by 27-28 weeks it can be fol-
lowed from the cecum to the recto-sigmoid. Its diameter
widens progressively (it should be less than 2 cm).

The appearance of the bladder and kidneys should be
stable. The kidneys grow progressively with gestational
age. Their length measures around 3 cm at 30 weeks.

The adrenals are large and display a corticomedullary
differentiation [1, 2].

The liver occupies a large part of the fetal upper ab-
domen. The gallbladder is almost always visible.

Normal MR Imaging Anatomy
Fetal MR is mainly performed in the second half of the

pregnancy. T1- and T2-weighted sequences can be used
in order to characterize fetal abdominal anatomy.
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The bladder appears as a hypersignal on T2- and a hy-
posignal on T1-weighted sequences. The normal kidneys
are mainly visualized on T2 sequences.

The small bowel is best analyzed on T2 sequence, as
the loops appear as a hypersignal, being filled with amni-
otic fluid. The colon is best analyzed on T1, as it appears
as a hypersignal, probably due to the proteic content of the
meconium. It appears as a hyposignal on T2 sequences.

The rectum should be identified in all fetuses after 23
weeks. Its cul-de-sac should be localized 10 mm below
the bladder neck on a sagittal scan. It should be possible
to identify the entire colon after 30 weeks [3-8].

Abnormal Findings and the Complementary Role
of US and MR Imaging

Several abnormal conditions observed on US will be dis-
cussed:

— The stomach is small or not visualized
— The stomach is too large

— The stomach is in the midline

— The digestive tract is dilated

— The bladder is dilated

— The bladder is not visible

— The kidneys are (is) not visible

— The urinary tract is dilated

— The kidneys are too echogenic

— There is a cyst on the kidneys

— There are inter-abdominal calcifications
— There is an abdominal mass.

The Stomach Is Small or Not Visualized (Second or Third Trimester)

As mentioned above, the stomach should always be visu-
alized during sonographic examination, especially during
the second and third trimester examinations.

Its absence or small size raises the suspicion of an ab-
normality (the first step should be a control examination
of the fetus in order to confirm the anomaly).

The most common ‘pathological’ cause is an esophageal
atresia (EA). US is not very effective for an accurate diag-
nosis of EA unless a pharyngeal pouch is distended. On the
contrary, MR imaging can provide important information
and improve the detection rate of this diagnosis by easily
demonstrating the dilated pouch or by excluding the diag-
nosis thanks to the visualization of an entire esophagus. The
other possibility is the presence of intra-uterine growth re-
tardation with associated oligohydramnios. In this case, no
abnormality of the digestive tract would be detected [9, 10].

The Stomach Is Too Big (Third Trimester)

Once again, the first step should be to confirm the anomaly.

The main cause is a duodenal atresia leading to the so-
called ‘double-bubble’ sign. It is associated with aneu-
ploidy in 30% of patients (Trisomy 21).

The differential diagnosis should include duodenal
stenosis. US is sufficient for this diagnosis; no comple-
mentary imaging modality is necessary [11].

The Stomach Lies on the Midline

The midline position of the stomach could correspond to
intestinal malrotation with or without obstruction and
should prompt a postnatal work-up [12].

The Digestive Tract Is Dilated (Mainly Third Trimester)

The presence of dilated intestinal loops on US (over 1
cm diameter in the second trimester, over 2 cm diame-
ter during third trimester) suggests intestinal obstruc-
tion. Although the technique is very sensitive, it is not
specific for the detection of an obstruction and it can-
not differentiate between small and large bowel ob-
structions.

With such a presentation, MR imaging can improve
the diagnostic accuracy by demonstrating the colon. If
the latter appears normal on T1 sequence, the obstruc-
tion most probably affects the small bowel. Conversely,
if the colon is not visible, it is more difficult to assess
the level of obstruction unless a specific part of it ap-
pears dilated. Noteworthy, the diagnosis of Hirschsprung
disease or of isolated anal atresia is difficult or even im-
possible [5, 13].

The Bladder Is Too Large (Any Trimester)

During the first trimester a bladder larger than 3 cm is ab-
normal. If it persists, a bladder outlet obstruction (BOO)
is probable and the prognosis is poor.

During the second trimester, a bladder larger than 5 cm
is abnormal. The presence of an oligohydramnios sug-
gests a BOO and again, the prognosis is poor.

During the third trimester, a large bladder can corre-
spond to several diagnoses. The differential should in-
clude bladder obstruction related to posterior urethral
valve, massive vesico-ureteric reflux and ‘megacystis mi-
crocolon-hypoperistalsis’ syndrome.

Fetal MR imaging may clearly help in this differential
diagnosis by demonstrating a normal or abnormal colon
[11, 14].

The Bladder Is Not Visible

First, the examination should verify that this does not cor-
respond to the normal cycle of filling and emptying of
the fetal bladder.

If confirmed, the first suspicion should be bladder
exstrophy, in which there is no normal bladder and in-
stead a soft tissue mass is seen beneath the insertion of
the umbilical cord. Also, no cystic structure is seen be-
tween the two umbilical arteries. Usually US is sufficient
to reach this diagnosis [15].
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One or Both Kidneys Are Not Visible

Bilateral renal agenesis is incompatible with postnatal

life. The condition is associated with oligohydramnios Bilateral  ARPKD GLMCK ADPKD MCD Bilateral

and pulmonary hypoplasm. o o MDKD obstructive
In such conditions, no renal structure is visible within anomalies

the lumbar areas. If necessary, fetal MR imaging can be
performed in order to confirm the anomaly [14, 15]. MRI
can also facilitate the diagnosis of ectopic kidneys.

Unilateral renal agenesis is common. There are usual-
ly no associated anomalies and the prognosis is good.
Imaging should aim at determining whether a dysplastic
kidney replaces the normal kidney or whether the kidney
has developed in an ectopic position.

The Urinary Tract Is Dilated (Second and Third Trimester)

The diagnosis of a urinary tract dilatation is based upon
an anterior-posterior diameter of the renal pelvis above 7
mm, a ureter above 3 mm, or a bladder above 5 cm.

The role of imaging is to determine the level of obstruc-
tion and the status of the remaining parenchyma.
Assessment of associated anomalies, amniotic fluid volume
and lung hypoplasia will help to determine the prognosis.

Fetal MR imaging may help in providing additional
anatomical information for this evaluation [14, 15].

The Kidneys Are Hyperechoic (Second and Third Trimester)

As mentioned above, the echogenicity of the kidneys de-
creases with time and corticomedullary differentiation
should be present by 17-18 weeks.

In some instances, the kidney parenchyma appears
frankly hyperechoic and/or corticomedullary differentia-
tion (CMD) is not present. The sonographic analysis
should be as detailed as possible and should evaluate size,
echogenicity, the presence of cysts, calcifications or oth-
er anomalies.

The main causes of hyperechoic kidneys are hereditary
polycystic kidney diseases. Familial and genetic inquiries
might help with diagnosis.

Other causes include syndromes, metabolic diseases,
toxins, infections and vascular causes. A meticulous and
systematic work-up will help to approach a correct diag-
nosis [16, 17]. To date, the role of MRI is limited for the
analysis of the renal parenchyma, except for the detection
of cysts.

There Are Cysts on the Kidneys (Second or Third Trimester)

As for the previous case, the approach should be meticu-
lous, based on a systematic analysis of the kidneys.

Unilateral

MDKD Unilateral

ADPKD

Obstructive
dysplasia

Simple
renal cyst

MDKD, Multicystic dysplastic kidney; ADPKD, Autosomal domi-
nant polycystic kidney; ARPKD, Autosomal recessive polycystic
kidney; GLMCK, Glomerulocyst kidney; MCP, Medullary cystic
dysplasia

It is also important to look for associated anomalies
corresponding to syndromes with renal cystic involve-
ment [18].

There Are Intra-abdominal Calcifications

Intra-abdominal calcifications and echogenic masses are
relatively common findings during fetal US. They may
arise from any fetal part (e.g., liver, gallbladder, kidneys,
spleen, adrenals).

Detection of such anomalies should prompt a detailed
survey for additional findings, and a maternal history. In
most cases, conservative management is sufficient.
However, for some, a transfer to a tertiary care centre will
be necessary.

In case of peritoneal calcifications, an important as-
sociated finding would be dilated intestinal loops,
which would orient the diagnosis towards meconium
peritonitis.

Another important finding would be an underlying fe-
tal mass with calcifications (see below) [19-21].

There Is an Abdominal Mass (Second and Third Trimester)

In case of an abdominal mass, the role of imaging is to
determine its anatomical origin, its content and the
anatomic relation with the regional structures. The most
common cystic tumor is an ovarian cyst.

The most common solid-type tumor is renal or adren-
al in origin.

Cystic tumors Solid-type tumors

- ovarian cyst

- mesenteric cyst

- lymphangioma

- cystic teratoma

- cystic neuroblastoma
- urethral cyst

- duplication cyst

- mesoblastic nephroma

- neuroblastoma

- teratoma

- hemangioma

- intra-abdominal sequestration

Follow-up is by US for neonatal management and
eventual surgery [22].

In conclusion, a step-by-step analysis helps to define
the anomalies affecting the fetal abdomen. For selected
indications, US first and MR imaging thereafter, can be
used to evaluate the malformation.
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Introduction

Sonography is usually the first imaging modality applied
and is a powerful tool for the evaluation of infants and
children suspected of having genitourinary tract anom-
alies. The intention of this lecture is to provide a broad
overview of common genitourinary anomalies and to
highlight the strength of ultrasound for the evaluation of
these conditions.

Anomalies of the Urinary Tract

Renal Agenesis

Renal agenesis may result from aplasia of the Wolffian
duct or absence of the ureteral bud with consecutive lack
of metanephrogenic tissue induction.

Unilateral renal agenesis is rather common, occur-
ring in about 1 in 1,000 newborn infants [1]. There is a
strong association of renal anomalies with Miillerian
duct anomalies. Therefore, in females, the urinary tract
and the reproductive system should always be evaluat-
ed as a unit.

Renal agenesis may also be mimicked by a multicystic
dysplastic malformation of the kidney later in life since
the multiple cysts seen in the affected infant disappear
with time. In 10% of cases unilateral renal agenesis is as-
sociated with aplasia of the ipsilateral adrenal gland. In
all other cases a characteristic elongated feature of the
adrenal gland is found. Bilateral renal agenesis (Potter
syndrome) is incompatible with life and most infants die
shortly after birth.

Crossed Renal Ectopia

In crossed renal ectopia one kidney is displaced across
the midline and lies on the opposite side of the ureteral
insertion into the bladder. Four types of renal crossed ec-
topia are described (with fusion, without fusion, solitary,
bilateral), with the crossed-fused ectopia being the most
common.

Standard as well as colour Doppler ultrasound tech-
niques document the location of ureteral orifices through
the ureteral jet phenomenon.

Megaureter

The diameter of a normal ureter is rarely more than 5 mm
and, therefore, the ureter is not visualised on pre- and
postnatal ultrasound. Megaureter as a general term de-
scribes a dilated ureter with or without associated dilata-
tion of the upper collecting system. Ureteral dilatation
may be in response to anatomical or functional obstruc-
tion or vesicoureteral reflux, but may also occur in their
absence.

Primary megaureter corresponds to an obstructive di-
latation of the ureter above an adynamic segment at the
ureterovesical junction. It is caused by hypoplasia and at-
rophy of muscle fibres in the distal segment of the ureter
associated with an increase in collagen fibres in the
pathologic segment and muscular hypertrophy of the
proximal ureter.

Ultrasound demonstrates the dilated ureter and an in-
creased peristalsis.

Secondary megaureter occurs as a result of reflux, ure-
thral obstructions or bladder abnormalities such as poste-
rior urethral valves or a neuropathic bladder.

Ureteral Duplication

Ureteral duplication (Fig. 1) is the most frequent renal
anomaly. The duplications vary from partial to complete
separation of the collecting system. Incomplete duplica-
tion is thought to result from early branching of a sin-
gle ureteral bud, resulting in a common distal stem with
two ureteral segments impinging on the metanephric
blastema.

Complete ureteral duplication results from the forma-
tion of two ureteral buds on the same side. During ab-
sorption and migration of the distal portion of the
mesonephric duct into the developing bladder, the ori-
fices of the ureter draining the lower segment of the kid-
ney migrates more cephalad and lateral than the orifice
of the ureter draining the upper segment of the kidney.
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Fig. 1. Complete ureteropelvic duplication on the left with obstruc-
tive upper-pole ureterocele. Urinary tract infection in the upper
pole collecting system in a 21-day-old male. a Longitudinal,
b transverse pelvic scan. The dilated upper pole ureter (U) and
the ectopic ureterocele (C) are full of debris (purulent exudate),
B, bladder. (Reprinted with permission from [2])

This embryological relationship is known as the Weigert-
Meyer-law.

When the area of the ureter to the lower segment buds
is displaced closer to the urogenital sinus than normal,
the orifice migrates more lateral and cephalad and the
lower segment is more likely to be associated with vesi-
coureteral reflux.

When the area of the ureter to the upper segment, on
the other hand, is displaced more proximally on the
mesonephric duct than normal, the ureteral orifice will be
ectopic in location and may open at the level of the blad-
der neck or even more distally into the urethra, vestibule
or vagina.

Vesicoureteral reflux is the most common abnormal-
ity seen in association with complete ureteral duplica-

tion and commonly affects the lower segment due to the
fact that the ureter to the lower segment has a more lat-
erally placed orifice and a shortened submucosal tun-
nel. The ureter from the upper pole may function nor-
mally or may be obstructed, but reflux into the upper
pole is rare.

Sonography clearly demonstrates malformations of the
kidney, such as a dilated ureter due to either stenosis or
reflux and ballooning of the submucosal segment of the
upper ureter in the bladder (ureterocele). The ureteral jet
sign locates the orthotopic as well as the ectopic ureteral
orifice.

Ureteral Ectopia in Single and Duplex Collecting Systems

A ureter that opens anywhere but into the trigone of the
bladder is considered ectopic (Fig. 2). About 20% of ec-
topic insertions of the ureter drain a kidney with a single
collecting system. The remainder are associated with the
affected ureter draining the upper pole of a duplex kidney.

In males, the ectopic ureter may empty into the low-
er bladder, posterior urethra, seminal vesicle, vas defer-
ens or ejaculatory duct. In females it may insert into the
lower bladder, urethra, vestibule, vagina, uterus or rem-
nants of the Gartner’s duct. Ureteral ectopia is more
common in females and affected girls are frequently
found to be incontinent due to the ectopic ureter termi-
nating at a level distal to the continence mechanisms of
the bladder neck and external sphincter. Ectopic ureters
may show reflux, but obstruction is more common.
When the collecting system is dilated the lack of an in-
travesical ureterocele suggests an insertion of the ec-
topic ureter on another side, such as the bladder neck or
the proximal urethra. Ultrasound documents a dilated
ureter on a lower and more medial level than expected
and the exact location of the orifice may be document-
ed via the ureteral jet sign.

Ureterocele in Single and Duplex Collecting Systems

Ureteroceles represent cystic dilatation of the intravesical
segment of the ureter as a response to obstruction, and
may be associated with single or duplex ureters (Fig. 1).
They are called orthotopic or simple when found with a
single collecting system, and ectopic when found with a
duplicated collecting system. Ectopic ureteroceles are po-
sitioned beyond the confines of the trigone and frequent-
ly represent the distal portion of the upper pole ureter. On
ultrasound the ureterocele appears as a cystic structure
within the bladder. The ureteral jet sign documents the
orifice of simple ureteroceles opposite the bladder wall.
In ectopic ureteroceles the orifice is commonly located
next to the bladder wall.

Posterior Urethral Valves (Case no. 1 on (D-ROM)

Posterior urethral valves are the commonest urethral ab-
normality occurring in boys. A thick membrane is found
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Fig.2. Duplex kidney with obstructed ectopic upper-pole ureter. The ureter is inserted into
the urethra. Newborn female. a, b Longitudinal scans of the left kidney reveal a dilated
upper-pole collecting system. ¢ Transverse pelvic scan and d transperineal sagittal scan
show the upper-pole ureter (U) behind the bladder (B) and before insertion (arrow) into the
urethra (xxx). V = vagina; S, pubic symphysis. e Transperineal sagittal color flow Doppler
image shows retrograde ureteral jet from the urethra into the bladder. f 2-year-old girl.
Cyclic voiding cystourethrogram shows pinpoint opening of the ectopic ureter. (Reprinted

with permission from [2])

in the posterior urethra with a pinhole opening positioned
posteriorly near the verumontanum. During voiding, the
anterior portion of the membrane bulges. This urethral
obstruction causes high intraluminal pressure during the
early phases of foetal development, leading to abnormal
bladder function and anatomy (trabeculation, bladder
neck hypertophy), renal dysplasia, hydronephrosis, and
vesicoureteral reflux. Vesicoureteral reflux often persists
after relief of the obstruction. Prenatal and postnatal ul-
trasound document bilateral hydroureteronephrosis asso-
ciated with parenchymal dysplasia and a thick-walled
bladder. In cases of severe hydronephrosis, rupture of the
intrarenal collecting system at the calyceal fornix leads to
perirenal urinoma and urine ascites.

Anomalies of Renal Vessels (Fig. 3)

Each kidney is normally supplied by a single renal artery,
although one or more accessory renal arteries are not un-
common. The renal artery originates from the abdominal
aorta and runs behind the vena cava to reach the hilar re-
gion of the kidney.

In patients with interruption of the inferior vena cava
with azygos continuation, the azygos vein increases in
size and might be mistaken for the inferior vena cava.
Cross-sectional imaging techniques document the course
of the renal artery to be ventral to the azygos vein.
Azygos continuation is frequently associated with cardiac
and situs anomalies and awareness of the anatomic rela-
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AZYGOS VEIN

RIGHT RENAL ARTERY

AORTA

Fig. 3. Azygos continuation of inferior vena cava. a Drawing. b Longitudinal scan and ¢
transverse color-coated duplex sonogram show right renal artery (arrows) ventral to azygos

vein (asterisks)

tionship between the renal artery and the azygos vein can
aid in diagnosis [3].

Anomalies of the Female Reproductive System
Embryology

The internal genital organs, as well as the lower urinary
system, originate from two paired urogenital structures that
develop in both sexes, the mesonephric ducts (Wolffian
ducts) and the paramesonephric ducts (Miillerian ducts).

In female development the Miillerian ducts are divid-
ed into two segments. The distal segments move towards
the midline and soon fuse into a single tube, the
uterovaginal canal. The resulting septum that divides the
uterovaginal canal disappears soon after. Failure of later-
al fusion of the Miillerian ducts results in a wide variety
of abnormalities of the uterus, cervix and vagina. The de-
velopment of the vagina is induced by the fusion of the
uterovaginal canal with the urogenital sinus (transversal
fusion). Due to the close developmental relationship be-
tween the genital and the urinary tract, association of
anomalies in both systems are common [4].

Normal Appearance and Ultrasound Techniques

During normal growth and development the uterus and
ovaries undergo a series of changes in size and configuration.
Under the influence of maternal and placental hor-
mones, the neonatal uterus is remarkably prominent with a
thick myometrium and a definable endometrial lining [5].
At two to three month of age, the uterus regresses to its
prepubertal size and tubular configuration. The endometri-
um is usually not visualised, making it rather difficult to
evaluate uterine anomalies in infants and older children.

The post-pubertal uterus has the adult pear-shape ap-
pearance and the echogenicity and thickness of the en-
dometrial lining varies according to the menstrual cycle [6].

High-resolution, real-time sonography has become the
first-step imaging technique for the evaluation of the pelvis
in infants, children and adolescents. Using the filled blad-
der as an acoustic window, the internal genital organs and
the lower urinary tract are easily evaluated. In infants and
young children who are not able to maintain a full bladder,
filling of the bladder with sterile saline solution viaa 5 to 8
French feeding tube might be necessary [7]. The same prin-
ciple can also be used to outline the vagina (water vaginog-
raphy), the rectum (water enema) or the urogenital sinus in
complex congenital anomalies of the genitourinary tract. A
transperineal sonographic approach should always be con-
sidered in cases of anomalies of the lower pelvis, since it al-
lows an excellent documentation of the urethra, the peri-
urethral soft tissue, the rectum and the distal genital tract.

Miillerian Duct Anomalies

Based upon the embryological development of the female
genital system, uterovaginal malformations are classified
as Miillerian agenesis in cases of a developmental defect
of the caudal portion of the Miillerian ducts (Mayer-
Rokitansky-Kiister-Hauser syndrome), disorders of the lat-
eral fusion resulting from failure of the two Miillerian
ducts to fuse and disorders of the vertical fusion that are
caused by faults in the union between the Miillerian tuber-
cle and derivatives of the urogenital sinus (transverse vagi-
nal septum, cervical agenesis, disorders of the hymen).

Mayer-Rokitansky-Kiister-Hauser Syndrome

The Mayer-Rokitansky-Kiister-Hauser syndrome is char-
acterised by the absence of the entire or, more frequent-
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ly, the proximal two thirds of the vagina, absence or ab-
normalities of the uterus and malformations of the upper
urinary tract. The most frequently found subtype of the
syndrome consists of two rudimentary uterine horns lo-
cated on a higher level than expected and normal
Fallopian tubes, ovaries and kidneys.

Sonographic evaluation aided by instillation of fluid
into the bladder as well as the rectum may demonstrate
the absence of vagina and uterus. MR imaging is fre-
quently needed to clearly document the ovaries and the
rudimentary uterus.

Uterus Didelphys (Fig. 4)

Disorders of the lateral fusion of the distal segments of
the two Miillerian ducts include septate, bicornuate,
didelphys and unicornuate uterus. In the absence of ob-
struction, these malformations are asymtomatic during

S5 Fig. 4. Bicornuate
e uterus. 6-day-old

g newborn  female
newborn with con-
genital segmental
dilatation of the
colon (C). Trans-
Y verse image through
the pelvis shows
two separate uter-
ine horns (arrows),
B = bladder. (Re-
printed with per-
mission from [4])

Fig. 5. Imperforate hymen with hydrometrocolpos and ascites due to spillage of genital se-
cretions via the fallopian tubes into the peritoneal cavity. a, b Sagittal scans. The vagina (V)
as well as the uterus (U) are dilated, with broad communication through the cervical ostium
(open arrowheads). The vagina shows a fluid-debris level (closed arrowheads). ¢ Distended,
fluid-filled abdomen. The air-filled loops of bowel cluster in the center of the abdomen. The
lateral edge of the liver (arrowheads) is visible. (Reprinted with permission from [4])

childhood or at puberty. A uterus didelphys or bicornuate
uterus can readily be documented on sonographic evalu-
ation of the newborn.

Imperforate Hymen (Fig. 5)

Although the hymen membrane is entirely of urogenital
sinus origin, imperforate hymen is commonly listed to-
gether with defects of the vertical fusion of the Miillerian
ducts. Imperforate hymen may either be symptomatic in
the newborn period or after onset of puberty when devel-
opment of hydrocolpos/hydrometrocolpos or hematocol-
pos/hematometrocolpos, respectively occurs. Sonographic
evaluation shows the cystic dilatation of the vagina with
the less distensible uterus attached to it. Internal echoes
reflect cellular debris. Fluid may also be found in the peri-
toneal cavity due to spillage of genital secretion via the
Fallopian tubes. Larger hydro- or haematocolpos may ob-
struct one or both ureters resulting in hydronephrosis.

Association of Lateral and Vertical Fusion Anomalies (Case no.
2 on (D-ROM)

The frequent association of vertical with lateral fusion
anomalies means that it is useful to consider vaginal
anomalies according to the presence or the absence of ob-
struction. Nonobstructive vaginal anomalies encompass
bifid vagina, longitudinal vaginal septum and incomplete
transverse septum. Among the obstructive vaginal anom-
alies are imperforate hymen, complete transverse vaginal
septum, unilateral obstructive longitudinal vaginal sep-
tum, obstruction of a unilateral rudimentary horn and
atresia of the uterine cervix or the vagina. Sometimes ob-
structive disorders already present at birth due to accu-
mulated genital secretion. More commonly, however, the
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patient seeks medical advice at puberty with cyclic ab-
dominal pain and a pelvic mass is found. The whole spec-
trum of Miillerian duct anomalies from the obstructed
hemivagina in association with an uterus didelphys to the
unicornuate uterus, which reflects the extreme end of the
spectrum, are almost always associated with severe ipsi-
lateral renal anomalies (renal agenesis, renal dysplasia,
ectopia, ipsilateral ectopic ureter, and hydronephrosis).

This strong association should urge the physician to
evaluate always both systems when a malformation is de-
tected in one of them.

Urogenital Sinus Malformation

Urogenital sinus is suspected during physical examina-
tion of a newborn with a normally placed anus in associ-
ation with either ambiguous genitalia or normal female
external genitalia but only a single opening within the
vestibulum. It is either found isolated or in association
with chromosomal and hormonal abnormalities or as a
cloacal variant.

Female Hypospadia

In female hypospadias the urethral meatus is positioned
in the anterior wall of the vagina. Proximal hypospadias
often show a narrowing of the urethra with signs of uri-
nary outflow obstruction and are commonly associated
with cloacal anomalies and female pseudohermaphro-
ditism. Diagnostic evaluation will, therefore, be dis-
cussed below.

Distal hypospadia is more likely to have a urethra of
normal diameter with no meatal stenosis and is frequent-
ly asymptomatic. In these girls the urethral meatus is on
the roof of the vagina just inside the introitus and the ure-
thra has to be catheterised blindly.

Congenital Adrenal Hyperplasia

In most instances, female pseudohermaphroditism results
from the exposure of a female fetus to excessive andro-
gens. The most common causes are congenital adrenal
hyperplasia (an autosomal recessive disorder of adrenal
steroidogenesis). The increased level of androgens with-
in the foetal bloodstream causes virilisation of the exter-
nal genitalia, which may vary from minimal phallic en-
largement of the clitoris to almost complete masculinisa-
tion. At birth these patients present with marked clitoral
enlargement, a variable degree of labioscrotal fold fusion
and rugation. The opening of the urogenital sinus at the
clitoral base may mimic penile hypospadia. Urinary tract
anomalies are common and encompass renal agenesia,
ectopia, and cystic dysplasia as well as uni- and bilateral
hydronephrosis, vesicoureteral reflux and signs of uri-
nary outflow obstruction.

The primary task of the radiologist is to demonstrate
the level of communication between the vagina and the
urethra, the anatomy of the internal genitalia, to rule out

kidney anomalies and to document adrenal gland hyper-
plasia.

Sonographic evaluation of the patient is usually the
first-step imaging technique, followed by conventional
radiology using contrast material. Transabdominal ultra-
sound will demonstrate the internal genitalia, the kidneys
and adrenal glands, and show any obstructions such as
hydrocolpos and hydrometrocolpos [8]. Demonstration of
enlarged adrenal glands with wavy limb configuration,
however, is highly indicative of congenital adrenal hyper-
plasia [6].

Fluoroscopic studies with water-soluble contrast mate-
rial are required to examine the exact anatomy of the mal-
formation.

Cloacal Malformation

The cloacal malformation, the most complex type of im-
perforate anus, is a complex congenital malformation
with a common outflow of the urinary, genital and in-
testinal tract into a urogenital sinus. Cloaca is exclusive-
ly seen in phenotypic females.

The diagnosis of cloacal malformation is made when,
in addition to an absent anus, only one perineal orifice is
found between the labia. Every newborn girl with imper-
forate anus should be considered to have a cloacal mal-
formation until proven otherwise.

Associated anomalies include uterus didelphys [9], re-
nal anomalies, ectopia of the ureter, bladder diverticula,
lower spinal cord abnormalities, anomalies of the pelvic
osseous structures such as sacral agenesis or hypoplasia,
dysraphism and pubic diastasis.

Obstruction of the cloaca may occur at any level and
determines whether the proximal distended urinary
and/or genital system is filled solely with genital secre-
tions or contains urine and/or meconium as well.

Ultrasound is the most efficient first-step imaging
technique in the diagnostic work-up of these patients.
Performed early after birth, no or only little intestinal gas
will be present and a clearer documentation of the in-
trapelvic structures can be obtained. An abdominal mass
in the neonate with cloacal malformation is almost al-
ways a distended vagina and/or uterus filled with urine
and/or meconium because the path of least resistance for
their egress was into the vagina instead of the cloaca.
Obstruction of the common outlet can lead to retrograde
flow via the fallopian tubes and accumulation of intra-
abdominal fluid. In cases where urine enters the rectum
and colon, the meconium may calcify in utero and intra-
luminal calcification can be documented sonographically
as well as radiologically. The distance between the blind
end of the rectum and the perineum should be measured
by transperineal ultrasound, and the kidneys should be
evaluated, as well as the spinal cord [6].

Sonographic features of spinal anomalies, occurring
with a frequency of nearly 50% in patients with cloacal
malformations, are either a high lying plump conus or a
tethered cord with a thickened filum terminale.
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The next step in the imaging process are fluoroscopic

studies using water-soluble contrast material to visualise
the often unpredictable and erratic courses of the com-
munication between the multiple structures, and to pro-
vide functional information about reflux and competence
of the urinary sphincter.

MR imaging is gaining acceptance in imaging con-

genital abnormalities of the genital tract, but should be
used in conjunction with other imaging modalities.
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Intussusception is not an uncommon phenomenon in
children and is one of the commoner causes of the acute
abdomen between six months and five years of age. The
vast majority of intussusceptions arise in the ileum and
are either ileocolic or ileo-ileocolic. They are thought to
occur because of hyperplasia of the lymphoid tissue in
the ileum, possibly as a result of a viral infection [1, 2].

There are other types of intussusceptions that may re-
late to pathologic lead points [3], gastro-jejunostomy
tubes or those intussusceptions that are seen in the post-
operative period. These will be discussed separately at the
end of this chapter.

The purpose of this chapter is to provide a summary of
the diagnostic approaches and management of the various
types of intussusception in children. For an in-depth re-
view of the current literature on this subject the reader is
referred to references 1-3.

lleocolic and lleo-lleocolic Intussusception

A review of the history of the management of intussus-
ception shows that there has been a continuing evolution
of management techniques [4]. Changes in management
of this condition over the last 20 years have evolved de-
spite the lack of large, controlled, prospective, compara-
tive studies. This has caused some controversy and some
criticism in the literature [1-3, 5]. Indeed, successful
management can be achieved in one of a number of dif-
ferent ways [1-3, 5-15]. In future years, the management
of intussusception will probably continue to evolve.

Diagnosis

Children presenting with ileocolic or ileo-ileocolic intus-
susception commonly do not present with the classical
clinical triad of abdominal pain, red currant jelly stool
and a palpable abdominal mass. Presentation may, there-
fore, be nonspecific. For this reason, the clinician often
has to rely on imaging procedures to promptly and accu-
rately diagnose or exclude intussusception. The diagnosis
can be made by either sonography, plain abdominal radi-
ographs or by contrast studies of the colon [7-11].

Sonography

It has been shown in many series that sonography is 100%
accurate in depicting the presence or absence of the com-
mon type of ileocolic or ileo-ileocolic intussusceptions in
children [1, 7-9]. These lesions have a characteristic sono-
graphic appearance and are usually found just under the ab-
dominal wall, most commonly on the right side of the ab-
domen (Fig. 1, 2). Sonography is the modality of choice for
the evaluation of patients suspected of having an intussus-

Fig. 1. Sonograms of a
child with ileocolic in-
tussusception. a Trans-
verse scan through the
intussusception shows
the typical target sign
that can be easily de-
tected just below the
abdominal wall anteri-
orly. The characteristic
of this target sign that
enables the diagnosis
of intussusception to
be made is the cres-
cent of echogenicity
(white arrow), which
represents the fat in
the mesentery that has
been drawn into the in-
tussusception between
the layers of the intus-
susceptum. The black
arrow indicates a hy-
poechoic area repre-
senting an enlarged
lymph node within the
mesentery. b Sono-
gram of the adjacent
mesentery shows mul-
tiple nodes which have
a normal echogenicity.
The presence of the
nodes in the mesen-
tery reflects the lym-
phoid hyperplasia that
is commonly found in
these patients
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Fig. 2. Sonograms of [
child with ileocolic in-
tussusception. a This in-
tussusception shows a
more complex target
sign than shown in
Figure 1. The echogenic
fat in the mesentery is
again noted (black ar-
row) between the layers
of the intussusceptum.
There is also fluid (F)
trapped between the lay-
ers of the intussuscep-
tum as a result of in-
creased pressure and
transudation of this flu-
id. The intussuscipiens R . o
is quite thinned (white ’
arrows) and can be seen
along the periphery of
the intussusception also,
separated from the outer
layer of the intussuscep-
tum by some fluid. b
The color Doppler eval-
uation of the intussus-
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ception shows good flow to both the intussusceptum and the intussuscipiens along the periphery. It is difficult to predict whether an in-
tussusception will reduce based on the ultrasound findings. The presence of fluid within the intussusception as shown in this patient sug-
gests the intussusception may not reduce, whereas good blood flow to the intussusception suggests it will reduce easily. This intussuscep-

tion was successfully reduced by pneumatic reduction

ception because it is a noninvasive, accurate procedure. An
excellent review of the sonographic appearance of intus-
susception is provided in the article by del Pozo et al. [9].

Plain Abdominal Radiographs

There are some characteristic signs of an intussusception
on a plain radiograph, including the meniscus sign, the
target sign and, less commonly, a soft tissue mass [10, 11]

Fig. 3. Child with ileocolic intussus-
ception, which extended into the
transverse colon. a Abdominal radi-
ograph shows a gasless right hemi-
abdomen due to the presence of the
intussusception on the right. The
black arrow indicates a soft tissue
meniscus sign that represents the
leading end of the intussusceptum in
the transverse colon. b A hydrostatic
contrast enema confirms the pres-
ence of the leading edge of the in-
tussusceptum (arrow) in the trans-
verse colon

(Fig. 3, 4). Some institutions still rely on the plain radi-
ograph for the diagnosis or exclusion of intussusception,
but there is no study that has proven it to be as accurate
as sonography [1, 10, 11]. In our institution we have re-
lied on the plain radiograph only in those instances where
there is a clinical consideration of peritonitis. In this clin-
ical setting the plain radiograph is essential to exclude
perforation, which is the major contraindication for at-
tempted enema reduction.
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Contrast Enema

Despite the proven value of sonography, some institutions
still consider the contrast enema as the quickest and most
cost-effective method of excluding or confirming the
presence of intussusception [1]. This, however, represents
a more invasive diagnostic procedure and requires radia-
tion. In some series using the contrast enema for diagno-
sis, 50% of the enemas may be negative for intussuscep-
tion [1]. Using sonography as the diagnostic modality en-
ables one to avoid performing unnecessary contrast ene-
mas in those patients without intussusception [1, 6].

Reduction

There are many series in the recent literature that have
shown a reduction rate of intussusception varying from
80% to as high as 95% [2, 12-15]. These series have
used either fluoroscopic or sonographic guidance for re-
ducing the intussusception and the series have used ei-
ther hydrostatic [barium, water soluble contrast, saline]
or pneumatic reduction (Fig. 5, 6). The fact that differ-
ent techniques have been used with similar success rates
suggests that it is not important which technique is
used. There has been much controversy in the last 20
years regarding which technique is the best, but because
the various techniques are probably equal in terms of
success rates, the most important factors are to keep the
safety of the child in mind and that individual radiolo-
gists use the technique with which they are most com-
fortable and experienced.

Nonoperative reduction of an intussusception should
only be attempted after the surgical team has evaluated
the patient and the patient is clinically stable, well hy-
drated, has no evidence of peritonitis and has an intra-
venous line in place [2]. The major contraindications to
performing the enema are the clinical findings of peri-

Fig. 4. Child with ileocolic intus-
susception causing marked small
bowel obstruction. Supine (a) and
upright (b) abdominal radiographs
show marked distention of the
small bowel with gas and air fluid
levels indicating obstruction. The
appearance is nonspecific. When
this degree of small bowel disten-
tion occurs the other plain radi-
ographic signs such as the gasless
right hemi-abdomen, meniscus
sign and target sign are usually not
visible. Diagnosis of the exact eti-
ology of the obstruction will then
depend more on detailed clinical
information

tonitis or shock or the signs of perforation on an abdom-
inal radiograph [2].

We use pneumatic reduction because it is a simple,
quick and clean technique [2]. The technique is also easy
to learn. Furthermore, it has been shown clinically and
experimentally that air enema is usually associated with
smaller perforations and less fecal contamination of the
peritoneum than hydrostatic enema [2, 16]. The advan-

Fig. 5. Air enema in child with ileocolic intussusception that has
reached the splenic flexure. The air enema easily outlines the leading
edge of the intussusceptum (/) in the region of the splenic flexure
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Fig.6. Air enema reduction of ileocolic intussusception. a Initial image from air enema shows the leading edge of the intussusceptum (ar-
row) in the rectosigmoid region. b Later during the enema, the intussusceptum has been reduced into the transverse colon (arrow). Note
the distended distal colon with air. ¢ This shows the intussusceptum (arrow) reduced into the mid ascending colon. Note the air-distended
sigmoid colon. d Complete reduction of the ileocolic intussusceptum is achieved and air fills not only the colon but multiple loops of small
bowel, confirming complete reduction, as no residual intussusceptum can be identified

tage of sonography, however, is that it does not involve
radiation. However, there is little information in the liter-
ature regarding the ease of recognition of perforation
when using sonographic guidance. Even if one uses an air
enema, sonography is an excellent modality to use for
confirming reduction in those patients in whom it is dif-
ficult to determine whether reduction is complete on an
air enema [2, 17]. Perforation rates should be under 1%
[2, 16]. The surgical team must be available to intervene
if complications occur during the enema.

In order to improve reduction rates, delayed, repeated
reduction attempts can be used as long as the intussuscep-
tion does move on the initial attempted reduction, and the
child becomes asymptomatic and maintains stable vital
signs [18]. It has been shown that this approach is a safe
and effective technique with a good success rate [3, 18].
We have used this approach in approximately 15% of our
patients with intussusception, achieving successful reduc-
tion in 50% of those intussusceptions not reduced on the
first attempt [2, 18]. There does not appear to be a fixed

optimal timing between attempts, and the delayed second
or third attempts can be made several hours after the first
attempt [18]. However, it is essential to maintain strict clin-
ical observation of the child between attempts. We have not
experienced any perforations using this approach. There is
not enough data in the literature to determine the optimal
number of attempts that may be tried and this should be
weighed against the risk of unnecessary added radiation in
each patient if fluoroscopic guidance is used.

Recurrent intussusception occurs in approximately
10% of all children who have successful initial reduction
[2, 19]. Two thirds of children having a recurrence will
only have one recurrence and most will occur within the
first few days (or even hours) after the initial reduction.
The remaining third might have multiple (even ten or
more) recurrences and these may occur as isolated
episodes or randomly in clusters, sometimes over sever-
al years [2, 19]. Children who have recurrent intussus-
ceptions usually have easy reductions. It has been sug-
gested that intramuscular injection of steroids may de-
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crease early recurrence by ameliorating the lymphoid hy-
perplasia [2].

Spontaneous reduction of ileocolic and ileo-ileocolic
intussusceptions may occur. However, in recent years
spontaneous reduction of intussusception has been docu-
mented more frequently in some small bowel intussus-
ceptions depicted incidentally by sonography or CT [3,
20] (Fig. 7). These are usually small bowel intussuscep-
tions with no recognizable pathologic lead point and may
be seen in symptomatic or asymptomatic patients.
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Fig. 7. Sonogram in a child with malabsorption shows three inci-
dental small bowel intussusceptions (1, 2, 3). In this image, the
sonogram depicts intussusception number two to best advantage.
Note the crescent of mesentery between the layers of the intussus-
ceptum. Also note more anteriorly the punctate areas of increased
echogenicity that represent air trapped between the outer layer of
the intussusceptum and the thinned intussuscipiens along the pe-
riphery. b Longitudinal scan through the intussusception number
two (arrows) shows the so-called sandwich sign with some
echogenic mesentery noted centrally. The intussusceptum enters
the intussuscipiens from the region of the white arrow. At the time
of evaluation this patient had a small amount of ascites

Pathologic Lead Points

Pathologic lead points are found in about 5-7% of all in-
tussusceptions [3, 18, 21]. The commonest are Meckel
diverticulum, polyps, Henoch-Schonlein purpura and
cystic fibrosis. Less common causes are lymphoma, du-
plication cyst (Fig. 8) and various inflammatory lesions
of the bowel. Management of these patients remains a
challenge.

The contrast or air enema techniques are not always di-
agnostic in documenting the presence of a pathologic
lead point. Sonography is extremely useful in this regard,
as it has been shown that it may depict two thirds of
pathologic lead points and may provide a specific diag-
nosis in one third of these [3, 18, 21] (Fig. 8). However,
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Fig. 8. Intussus-
ception in a
young child due
to a duplication
cyst (C). The
sonogram  has
been obtained
longitudinally
through the in-
tussusception
Y (arrow). The du-

plication cyst is
easily identified
as a pathologic
lead point
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it remains a diagnostic challenge as to how to search for
pathologic lead points in those patients in whom there is
a high index of suspicion for such a lesion and in whom
the sonogram is negative. In such cases, the choice of
which other imaging modalities to use will depend on the
clinical situation in each particular patient.

We recommend attempted enema reduction in all pa-
tients with a lead point if there is no contraindication to
nonoperative reduction [3, 18].

Postoperative Intussusception

Intussusception may occur as a complication in less than
1% of laparotomies. The diagnosis is often not consid-
ered because it is so uncommon. Sonographic evaluation
of any abdomen in the first few weeks following a la-
parotomy should include a search for a postoperative in-
tussusception. These are usually more difficult to diag-
nose on sonography than the usual ileocolic intussuscep-
tions, as they are small bowel intussusceptions and are
usually surrounded by large, dilated loops of obstructed
bowel. They usually require surgical reduction.

Gastrojejunostomy Tubes

Intussusceptions may complicate the presence of a gas-
trojejunostomy (GJ) tube [22] (Fig. 9). Most of the pa-
tients presenting with this complication are usually clini-
cally stable and do not require urgent reduction of the in-
tussusception. Most can be managed by replacing the
tube with a standard or a shortened GJ tube or with a gas-
trostomy tube. However, manipulation of the GJ tube and
flushing with air or saline may also be helpful. Surgery is
rarely required for reduction.

Fig.9. Sonogram shows an intussusception due to a gastrojejunos-
tomy tube (arrow). The tube is easily recognised in the centre of
the intussusception as an echogenic focus with posterior acoustic
shadowing
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General Considerations

The suspicion or diagnosis, even if it is nonspecific, of an
abdominal mass in a child raises concern and anxiety. The
pediatric radiologist may be the first person either to sus-
pect or to diagnose a mass, quite commonly by ultrasonog-
raphy (US). Therefore, adequate psychological interaction
with the patient and the parent(s) is part of his or her pro-
fessional competence. The findings should generally not be
discussed while the examination is underway. Specific di-
agnostic statements should be avoided, even by the experi-
enced examiner. Caution should be exercised before giving
preliminary histological and prognostic hypotheses. The in-
volved clinician, possibly the oncologist, should be in-
formed promptly about the morphological findings and the
information exchanged between the examiner and the pa-
tient and/or accompanying parent(s). This regards the situ-
ation of a suspicious mass that has been demonstrated and
where a malignant process might exist or be likely. If the
mass turns out to be a hydronephrosis or a similar obvious-
ly benign process, such concerns are less relevant.

Abdominal masses in children are often cystic and al-
most always benign, especially in the younger child (i.e.,
newborn and infants). In a majority of these cases, the
mass originates from the urinary tract, typically due to
some obstructive malformation and/or dysfunction (Fig.
1). Beside neoplasia and malformation, the underlying
causes of such masses may be pathological conditions
such as inflammation (usually due to infection), trauma
(including iatrogenesis) or metabolic or other systemic
diseases, including malignancy.

Proper imaging technique includes the correct choice of
the imaging tool(s) and, if there is a need for more than one
modality, their use in the appropriate order. This will short-
en the time to diagnosis, and avoid uncertainty and unnec-
essary discussion, as well as help to limit costs. The role of
the pediatric radiologist, therefore, is not only to make the
diagnosis, but he or she also has a consulting duty toward
the clinician who might think that, for example, all questions
may be answered using magnetic resonance imaging (MRI).
It is crucial that the examiner be aware of the strengths and
limits of the method(s) used and those available for use.

Fig. 1. Bilateral pyeloureteric
junction obstruction in a 6-
week-old boy. a Plain radi-
ograph of abdomen shows
large mass on the left displac-
ing descending colon. Mass
was clinically impressive. b
Film three hours post-intra-
venous contrast injection
shows excessive dilatation of
left renal pelvis and calyces
with relative high contrast in-
tensity; moderate right hy-
dronephrosis. Scintigraphic
estimation of renal function
was 69% on the left, 31% on
the right. Bilateral hydro-
nephrosis had been discovered
by fetal ultrasonography
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Clinical Aspects

When evaluating a child’s abdominal mass, the patient’s
age, sex, history and clinical findings are the most im-
portant parameters to be included in the process of es-
tablishing a diagnosis. This renders pediatric radiology
a distinct clinical specialty. Two different processes may
look morphologically similar, yet have completely dif-
ferent pathogenesis and significance. With the neces-
sary clinical information and professional experience,
one should be able to make a reasonable or even distinct
diagnosis in a given case (Fig. 2, 3). On the other hand,
the abdominal mass may be an incidental observation by
the child or the parent and there may be no additional
symptoms. A child with nephroblastoma, unless trau-
matized, commonly presents with a large abdominal
mass, without pain and apparently in good health.
Parents may report that the mass appeared quite sud-
denly. Such a remark is not unusual, since nephroblas-
toma is known for its rapid growth. Neuroblastoma, on
the other hand, may lead to symptoms such as pallor, fa-
tigue and failure to thrive. Morphologically, each of
these two retroperitoneal tumors has specific character-
istics that render the diagnosis in the majority of in-
stances. However, each may present a differential diag-
nostic challenge (Fig. 4, 5).

An inflammatory mass is commonly caused by an in-
fectious process, such as appendicitis or infection of
the urogenital tract. Therefore, the signs and symp-
toms, including laboratory data, are those of an infec-
tious disease and are often associated with abdominal
pain. Local or diffuse pain, although quite nonspecific,

Fig.3. Hematocolpos in a 15-year-old adolescent with acute urinary
retention. Midsagittal ultrasonography through anterior lower ab-
domen shows two partially superimposed cystic structures similar
to Fig. 2 (a before and b after spontaneous micturition). With a less
filled bladder, numerous tiny echoes due to menstruation and uter-
ine cervix are noticeable

Fig.2. Cystic teratoma in a 3-week-old girl with urinary retention. a Plain film of abdomen shows huge midline mass reaching from pelvic
floor to displaced stomach. Midsagittal ultrasonographic scans through anterior lower abdomen show two partially superimposed cystic
structures (b before, ¢ after catheterization of bladder). Catherization helps in distinguishing antero-superior bladder with changing volume
from infero-posterior cystic teratoma. Tiny linear structure in cranial aspect of teratoma is a hint for diagnosis
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Fig. 4. Nephroblastoma in
a 2-year-old boy with
painless left abdominal
mass. Left coronal ultra-
sonographic scan shows
apparently solid tumor
mass in left flank suspect-
ed to be a Wilms’ tumor
(a). Intravenously en-
hanced CT scans through
mid part of well defined
tumor (b, ¢) shows its dor-
sally exophytic growth; ir-
regular contrast enhance-
ment suggests partial tu-
mor necrosis

Fig. 5. Neuro-
blastoma in a
6-week-old boy
causing ipsilat-
eral urinary ob-
struction. Trans-
verse ultrason-
ography with the child
prone (a) and coronal
scan (b) demonstrate
solid echogenic mass
next to right kidney; ob-
structive hydrone-
phrosis from proximal
extrinsic ureteral com-
pression due to tumor.
Renal artery is engulfed
by mass (a); arterial
Doppler signal not illus-
trated.  Intravenously
contrast-enhanced CT
shows correlating fea-
tures on three consecu-
tive scans (c, d, e), in-
cluding displacement
and compression of in-
ferior vena cava
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is the most frequent symptom in abdominal disease,
whether or not there is an appreciable anatomical cor-
relate. Pain may also be a sequela of a noninflammato-
ry mass that has been traumatized. Beside pain, func-
tional abnormality of an organ system, fever, loss of
weight and/or appetite, systemic disease, and even se-
vere illness are all nonspecific in conjunction with an
abdominal mass and do not, per se, indicate malignan-
cy. Some may, however, be characteristic of a specific
disease process such as [ymphoma, leukemia or
metastatic disease.

Urinary retention may be a serious symptom. Therefore,
a pre- or rather, retrorectal mass causing the symptom
must be excluded or differentiated (Fig. 1, 2). On the oth-
er hand, clinical uncertainty means that ‘urinary reten-
tion’ is a notoriously claimed symptom leading to imag-
ing procedures recommended because of inadequate
evaluation of the patient’s history (e.g., no fluid intake for
many hours with a subsequent lack of urine production
and, thus, an empty bladder).

Approach to an Abdominal Mass

In attempting to diagnose and characterize an abdomi-
nal mass, the anatomical site of origin should be sought.
Abdominal compartmentalization (as shown in Table 1)
may help to localize a mass in one patient, but may be
theoretical in another. Due to its large size, a mass may
present as being intra-abdominal even though it may
have originated in the retroperitoneum. It might be dif-
ficult to decide whether a mass is located in the ab-
domen or in the chest or whether it involves both com-
partments (such as in cases of neuroblastoma). Nephro-
blastoma and neuroblastoma are ‘typical’ retroperi-
toneal masses of childhood, and their renal or extrarenal
origin may be readily recognizable, although an ‘unusu-
al case’ may unpredictably present. As for a pelvic mass,
it is useful to differentiate whether its origin is prerec-
tal, rectal (i.e., stool) or retrorectal. A hepatic mass is
usually recognizable as such and can mostly be differ-
entiated from an anterior abdominal mass of another
origin. The final imaging diagnosis or differential diag-
nosis will depend on the macroscopic tissue characteri-
zation of a mass (i.e., solid, cystic, mixed), its architec-
ture and definition, whether it is solitary or multiple
(possibly metastatic) and involving one specific or more
than one organ system.

Table 1. Differential site of origin of an abdominal mass

Peritoneum versus retroperitoneum
Abdomen versus thorax versus both
Kidney versus extrarenal location
Pelvis versus upper anterior abdomen
Liver versus extrahepatic location

Imaging an Abdominal Mass

US is probably the most popular imaging method in chil-
dren. Its use is becoming more widespread, also among
pediatricians who may not place it in any further imaging
context. However, a plain radiography of the child’s ab-
domen in recumbent position is strongly recommended
when there is suspicion of an abdominal mass and in
view of further exploration of the abdomen by imaging
means. An initial appreciation of the mass process with
regard to its location, size, density (e.g., calcifications)
and effect upon adjacent structures (including the skele-
ton) and its possible interference with the gastrointestinal
and/or urinary tracts may be useful to guide the course of
imaging evaluation. With this preliminary information,
subsequent US is often more straightforward and reward-
ing, taking into account also the child’s history, clinical
findings and laboratory results. The finding from the ini-
tial abdominal radiography (or US) may prompt an addi-
tional radiography of the chest that may, in a positive or
negative way, contribute to the diagnostic work-up.

US is the most versatile and effective method for tak-
ing a first thorough look at the child’s abdominal content.
It is generally important to use US to initially explore the
child’s abdomen systematically and carefully. In an ab-
dominal mass, US is often sufficient to establish a rea-
sonable diagnostic assumption based on the anatomical
facts. Often, even a specific diagnosis becomes probable
by US, so that a given hypothesis about a solid lesion
then may need only biopsy for confirmation and possible
initiation of treatment. For a nonspecific solid mass
found by US, biopsy is the obvious next step (Fig. 6). The
strength of US lies in its ability to allow the appreciation
of anatomical structures; its limits are in the estimation of
organ function, even if there are certain exceptions. On
the other hand, Doppler US is used routinely for demon-
strating the presence or absence of arterial and/or venous
blood flow. It also helps, among the definition of numer-
ous other anatomical structures, to distinguish the hepat-
ic segments. US is the only imaging tool that can provide
diagnostic information by making use of physiological
organ movement from respiration. Free movement of the
liver over a renal or suprarenal mass (due to nephroblas-
toma or neuroblastoma) indicates that the peritoneum is
likely not to be involved by the retroperitoneal mass.
Similarly, demonstration of some local change of rela-
tionship between an adrenal neuroblastoma and the ipsi-
lateral kidney indicates likely anatomical separation be-
tween the two structures. In the follow-up evaluation of
an abdominal mass by US, other criteria become useful
parameters, such as persistence or change of size, shape,
and echogenicity of a given mass. In the morphological-
ly ambiguous situation of a hematoma, its echo charac-
teristics typically change within days, while a solid tu-
mor’s do not, unless it has been traumatized.

The improved availability of ‘high end’ imaging
equipment such as MRI and multislice computed to-
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Fig.6. B-non-Hodgkin lymphoma in a seven and a half year-old boy
who had shown pallor and fatigue for a few weeks. CT with intra-
venous contrast enhancement shows mid portion of right flank
mass (a, b). Mass appears mostly solid and seems to grow intra-
and perirenally. Despite the unusual morphological aspect (and re-
duced health of the patient) the misdiagnosis of nephroblastoma
was made, prompting suboptimal treatment and subsequent fatal
outcome. Biopsy would have been indicated prior to therapy

mography (MSCT), leads to their more frequent use for
evaluating abdominal masses in children. Given the pro-
fessional effort to protect children from unnecessary ra-
diation and following the ‘ALARA’ concept (as low as
reasonably achievable), there is a tendency to make use
of diagnostic MRI. On the other hand, MSCT allows fast
and efficient imaging, which is quite attractive for use in
children, as it renders complicated anesthesia unneces-
sary. In neuroblastoma, especially of the thoracic or tho-
raco-abdominal type that has a tendency to involve the
spinal canal, if available, MRI is the modality of choice.
One has to be aware of the fact that in spinal involve-
ment by neuroblastoma, neurological abnormality or
dysfunction is often rather mild or even absent. MRI is

recommended in a solid or cystic pelvic mass, especial-
ly if it is due to some gynecologic malformation (e.g.,
hydro- or hemato-metrocolpos) or neoplasia. The need
for immobility means that the pelvis and retroperi-
toneum are better suited for evaluation by MRI than the
anterior abdomen, which is more exposed to physiologi-
cal motion from cardiac and respiratory dynamics.
While the imaging technique is considerably improved
through the use of cardiac and respiratory gating and
rapid sequences, there are often difficulties in aiming for
high diagnostic precision, especially in infants and
young children. MRI is, nevertheless, recommended in
tumorous abnormalities of the liver and biliary tract for
morphological analysis of the mass, as well as the in-
volved canalicular hepatic structures.

MSCT and CT are excellent at defining an abdominal
mass, either benign or malignant. CT characterizes the
mass by measuring its density, it localizes the mass and
demonstrates its extension, both with high precision. In
most instances it is possible to locate the organ or site of
origin of a mass. In a malignancy, tumor spread may be
accurately recognized, as well as enlarged or unenlarged
lymph nodes, as possible metastatic manifestations. The
degree of uptake of systemically introduced contrast ma-
terial by a solid mass allows estimation of its perfusion
(i.e., vitality) and, conversely, the lack of perfusion may
point toward necrosis of the mass. The same applies to
MRI. Perfusion criteria may be valuable when evaluating
a potentially metastatic lesion using either method.
MSCT and CT are most accurate and practical for diag-
nosing nephroblastoma, its spread and further complica-
tions within the regions of the abdomen, chest and skull.
Two-dimensional and Doppler US for the evaluation of
venous tumor spread up to the right atrium are the com-
plementary examinations of choice. MSCT and CT are
excellent for diagnosing and staging abdominal lym-
phoma and other infiltrative or complex abdominal mass-
es (Fig. 7). However, MRI may be used with comparable
accuracy.

In view of possible functional disturbance of the uro-
genital and/or gastrointestinal tract by the mass, scintig-
raphy and/or conventional digital radiographic/fluoro-
scopic contrast studies may be necessary in the diagnos-
tic work-up. These will yield functional as well as addi-
tional or confirmatory anatomic information. Biliary
scintigraphy may be considered for a cystic hepatic mass
in order to demonstrate or exclude a direct or indirect re-
lationship of the mass with the biliary system. Skeletal
scintigraphy may be helpful for evaluating metastatic dis-
ease, i.e., in staging of neuroblastoma or other bone
metastasizing abdominal malignancies. However, MRI
may be used instead of scintigraphy in the diagnostic
work-up of metastatic bone disease. Meta-iodobenzyl-
guanidine (MIBQG) scintigraphy is valid for demonstrat-
ing various forms of primary and/or metastatic neuroec-
todermal tumors.
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Fig.7a,b. Gastric wall teratoma in a 7-month-old boy with painless
abdominal mass. a Plain abdominal radiograph shows large mass
in left upper abdomen displacing stomach and intestinal structures
and containing calcifications. b Axial CT scan with intravenous
contrast enhacement through upper abdominal area demonstrates
large intra-abdominal, well-defined heterogeneous mass of gener-
ally low density in close relationship with thin left gastric wall and
ventrally to pancreatic tail and spleen

Biopsy

In a potentially malignant mass, histological characteri-
zation or proof is required in almost all instances prior to
deciding on specific therapy (immediate or secondary tu-

mor excision after initial chemotherapy). In lymphoma or
leukemia, surgery is usually not indicated.
Transcutaneous biopsy under direct vision by US or con-
trolled by CT is a well established procedure in children,
and should be performed under general anesthetic. CT is
recommended as a safe alternative if direct guidance by
US is difficult to achieve or is unsafe because of the
small size or problematic location of the target lesion
(e.g., a paravertebral process).

Malignant Abdominal Mass

The most common malignant abdominal masses are of
embryological origin, i.e., neuroblastoma, nephroblas-
toma (Wilms’ tumor), and hepatoblastoma followed by
lymphoma, germ cell tumor and soft tissue sarcoma
(Table 2). Although it is usually possible to locate the
site of origin of a retroperitoneal tumor as renal or ex-
trarenal, there may be occasional morphological diffi-
culties in the differentiation between neuroblastoma and
nephroblastoma. As stated before, the clinical condition
may be helpful in distinguishing the two entities, al-
though biopsy will yield the diagnostic basis for further
management and therapeutic decisions. The differential
diagnoses of nephroblastoma are listed in Table 3.
Lymphoma and leukemia have to be considered as dif-
ferential diagnostic alternatives in some unusual mor-
phological presentations (Fig. 6). Both may also be con-
sidered in the differential diagnosis of rhabdomyosarco-
ma or a primitive neuroectodermal tumor (PNET).
Depending on the differentiation, germ cell tumors are
often benign. With regard to the ovary, the differential
diagnoses of malignant germ cell tumors are listed in

Table 2. Common malignant abdominal tumors in the child

Nephroblastoma (Wilms’ tumor)

Neuroblastoma, including hepatic metastases in stage [Vs
Hepatoblastoma

Lymphoma

Germ cell tumor

Soft tissue sarcoma (rthabdomyosarcoma, PNET, Ewing)

Table 3. Differential diagnosis of nephroblastoma

Nephroblastoma (favorable and unfavorable histology)
Nephroblastomatosis (precursor of nephroblastoma, often bilater-
al, synchronous or not synchronous)

Clear cell sarcoma (formerly bone metastasizing tumor of kidney)*
Rhabdoid renal tumor (sarcoma)*

Renal cell carcinoma

Transitional cell carcinoma

Malignant renal lymphoma

Intrarenal growth of neuroblastoma

Congenital mesoblastic nephroma (benign)

Multilocular cystic nephroma (benign)

* high grade malignancy
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Table 4. Tumor of the ovary

A) GERM CELL:
Seminoma (i.e., dysgerminoma)
‘Mature’ teratoma (20% malignant)
‘Immature’ teratoma (100% malignant)
Embryonal carcinoma
Yolk sac tumor (usually high grade malignancy)
Choriocarcinoma

B) SPECIALIZED GONADAL STROMA:
Granulosa-theca cell tumor
Sertoli cell tumor

C) OTHERS:
Rhabdomyosarcoma
Neuroectodermal tumor
Lymphoma, leukemia

Table 4. The soft tissue sarcomas comprise the rhab-
domyosarcoma, the primitive neuroectodermal tumor
(PNET) and the Ewing sarcoma.

Conclusions

Prompt diagnosis and characterization of an abdominal
mass in a child is an ever new challenge of diagnostic
imaging. Awareness of the specific pediatric conditions
(pathophysiology, changing anatomy of the growing or-
ganism, age-related and characteristic pathology) is a
prerequisite with regard to a correct interpretation of the
findings, as well as to the prompt and successful pre-
ceeding acquisition of imaging data. The experience and
bias of the radiologist performing the evaluation, in
terms of the choice of diagnostic instruments, will and
should influence the choice of the technical proce-
dure(s). However, there are procedural recommendations
that have general validity. Professional expertise com-
bined with state-of-the-art technology allows highly ac-
curate diagnostic imaging, sometimes even by the sim-
ple means of US and X-ray. Technically more powerful
and sophisticated equipment such as MRI and MSCT
may be indispensable and the method(s) of choice in nu-
merous cases. Yet, one should remember that there are
always challenges to differential diagnosis and the very
unexpected case may be waiting even for the skilled and
experienced diagnostician.
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